KDHE Quality Assurance Plan for
Conducting Radon Measurements

A.1 Approval Sheet

1. This Quality Assurance plan shall be utilized by radon measurement technicians employed by
the Kansas Department of Health and Environment (KDHE) Bureau of Environmental Health
(BEH) for the conduct of radon measurements. The following Radon Measurement technicians
are currently employed by KDHE:

Kimberly Steves (Program Supervisor)
D. Shay Hannah
David Hart
Jessica Snook
Stewart Steen (Quality Assurance Officer)

2. This quality assurance plan shall be reviewed and reissued annually.

May 14, 2013
Submitted by: Signature Date
Quality Assurance Officer

%Z@édﬁi@/ May 14, 2013

Approved By: Signature Date

Program Supervisor
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A.3 Distribution List

This plan shall be distributed to all certified radon measurement technicians, the Radiation,
Asbestos and Right-to-Know section chief and the Director, Bureau of Environmental Health.
Distribution may be accomplished by interoffice mail or electronic mail. The current revision of
this procedure will be maintained on the BEH shared drive at T:\Radiation\radon\Radon
Measurement Quality Assurance.

This plan shall be reissued after approval of any revision. Certified radon technicians listed in
this document shall submit recommended changes to the Program Supervisor or Quality
Assurance Officer. Copies of this document shall be distributed to all parties identified above
upon completion of such changes.

A.4 Description of Kansas Radon Program

1.

The primary purpose of this program is to provide radon measurement and mitigation technical
assistance to the citizens of the State of Kansas.

The program shall provide radon measurement utilizing electret ion chambers, continuous
radon monitors, and activated charcoal devices.

The program oversees the activities of and provides certification for measurement and
mitigation professionals in the State and for radon laboratories.
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A.5 Work to be Accomplished

1. The program provides measurement services to homeowners pursuant to the Safe at Home
Wichita project funded by a grant from the United States Department of Housing and Urban
Development.

2. The program provides radon measurements as requested and as staffing and equipment
permits for State and Local Government buildings and public schools, and may assist with
confirmatory measurements for homeowners with measured radon levels greater than 40 pCi/L.

3. The program shall provide other radon measurements in service to the citizens of Kansas as
appropriate.

A.6 Quality Objectives for Radon Measurement Activities
1. The quality objective for radon measurements by the Kansas Radon Program is to produce
radon measurements which are accurate, consistent and reproducible.

A.7 Personnel

1. Kimberly S. Steves is the Program Supervisor, and will direct and oversee all radon measurement
activities.

2. Stewart E. Steen is designated as the Quality Assurance Officer, and as such shall monitor all
aspects of the QA/QC program for completeness and provide assistance as required. The
Quality Assurance Officer will make quarterly reports to the Program Supervisor as to
compliance with the program. He shall perform radon measurement activities as directed,
primarily in schools and government buildings.

3. David Hart will be the primary radon measurement technician for activities performed under the
Wichita HUD grant. He will control the use of E-Perm electret devices to this end, and will be
the primary performer of E-Perm QA activities.

4. Shay Hannah will perform radon measurement activities as directed, primarily in schools and
government buildings. He will be the primary user of Continuous Radon Monitors.

5. Jessica Snook will perform radon measurement activities as directed, primarily in schools and
government buildings.

A.8 Documents and Records

1. Client measurement reports for the Wichita Safe at Home project will be kept on file in the
Wichita office.
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Client measurement reports for measurements performed by Topeka staff will be kept on file in
the Topeka office in hardcopy. Reports may be stored on KDHE BEH shared drive
T:\Radiation\radon\Radon Measurement Quality Assurance.

Quality assurance measurement control charts will be maintained electronically on the KDHE
BEH shared drive at T:\Radiation’\radon\Radon Measurement Quality Assurance. Working
hardcopies may be maintained by the radon measurement technician performing quality
assurance measurements and shall be recorded electronically as soon as practicable, but no
later than five working days after completion of measurements.

Records above will be maintained for a minimum of three years.

Measurement data will be reported to the KDHE quarterly using the spreadsheet provided on
the KDHE Radon Program website at: www.kdheks.gov/radiation/radon.htm .
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B.1 Measurement Generation

1.

Radon will be measured using continuous radon monitors, passive activated charcoal devices
and electret chambers.

a. Continuous radon monitors will be operated according to the applicable manufacturer’s
operating manual. Continuous radon monitors employed by KDHE are as follows:

e Sun Nuclear Model 1027, serial number 47810011.

e RadonAway RadStar RS800, serial number 1727

e Durridge RAD-7, serial number 433

e FemtoTECH Model # CRM-510, serial number 6149

b. Electret chambers manufactured by RadElec will utilized according to the RadElect
operating manual. Radon levels will be calculated using RadElec Winsper or Winperm

software. Electret placement shall be accomplished using Appendix A.

c. Activated Charcoal devices manufactured by AirChek, inc. will be utilized according the
instructions enclosed with each test kit.

Appendix K contains Standard Operating Procedures for each device.

B.2 Sampling Methods

1.

Radon measurement/sampling will be performed in accordance with EPA Publications "Indoor
Radon and Radon Decay Product Measurement Device Protocols" and “Protocols for Radon and
Radon Decay Product Measurement in Homes”.

The radon measurement technician shall advise the client of the necessity for closed house
conditions. A sign or label stating the need for maintenance of closed house conditions and
advising against tampering with the measurement device shall be placed at the measurement
site.

B.3 Analytical Methods

1.

Activated Charcoal devices will be analyzed by AirChek, Inc. , which is certified as a Radon
Laboratory by the State of Kansas.

B.4 Instrument Calibration

1.

Instruments requiring calibration shall be returned to the manufacturer or a facility approved by
the manufacturer for calibration.
Calibrations will be performed on an annual basis.
Any instrument whose calibration date is greater than one year will be removed from service
until calibration is performed.
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B.5 Quality Control

1. Quality control measurements will be taken in accordance with EPA National Radon Proficiency
Program Guidance on Quality Assurance, EPA 402-R-95-012, Oct. 1997.
a. Statistical comparison of measured versus expected results will be performed for
duplicate and spiked samples. The following statistical method shall be used:

i. A warning limit of two standard deviations from the mean or expected value (2
sigma) will be observed to check for bias. Two consecutive QC measurements
which vary from expected result by 2 sigma, or two consecutive QC
measurements which vary from expected by -2 sigma shall be investigated by
the QA officer. This investigation should consider instrument performance (as
applicable), radon measurement technician procedures and environmental
factors at a minimum.

ii. A control limit of three standard deviations (3 sigma) will be observed. Any
measurement which varies from expected by 3 sigma or -3 sigma shall be
repeated. If the repeated measurement also falls outside the control limit, all
measurement activities shall cease and the QA officer shall investigate as
described in paragraph B.5.a.i.

iii. If five consecutive QA measurements fall above expected value or if five
consecutive measurements fall below the expected value (regardless of
magnitude) the QA officer shall investigate as described in paragraph B.5.a.i.

b. Upon initiation of QA measurements, the following warning and control limits shall be

utilized:
i. Forspiked samples, warning limit relative percent error of 20%, control limit
relative percent error of 30%.
1. Relative percent error is determined as follows:
a. Perform the measurement of the spiked sample (this is the
measured value).
b. Obtain the expected result provided by the agency which
supplied the spiked sample (this is the reference value).
c. Relative percent error is calculated by dividing the measured
value by the reference value and multiplying by 100.
ii. For duplicate samples, warning limit of range ratio of 2.2, control limit of range
ratio of 3.3
1. Range ratios are based initially on 14 percent relative percent
difference.
a. The smaller result of two measurements is subtracted from the
larger result. (This is the observed relative percent difference)
b. The expected relative percent difference is determined by
multiplying the average of the two results by 14 percent (0.14)
(This is the expected relative percent difference)
c. Therange ratio is determined by dividing the observed relative
percent difference by the expected relative percent difference.
iii. For electret blank samples, acceptability is based on a voltage drop of 1 volt per
week.
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iv.

1. Since instrument readings may vary by + 1 volt, a voltage drop of 2 volts
per week will be adjudged acceptable. A voltage drop of greater than 2
volts will require investigation.
For activated charcoal device blank measurements, result is expected to be less
than the lower limit of detection of 0.3 pCi/L.
1. Control charts will be maintained with warning limit of 0.6 and control
limit of 0.9 pCi/L.
2. Background readings above the control limit will be investigated by the
QA officer. The investigation should include attempting to determine
sources of radon ingress during transport and storage.

c. Upon completion of 20 measurements, new warning and control limits shall be
determined.

For duplicates, the mean, and standard deviation (1 sigma) of the relative
percent error of the 20 measurements will be calculated. The range ratios shall
be recalculated and new 2 sigma warning and 3 sigma control limits
established. A new means control chart shall be placed in service using the new
limits.

For spiked samples, the average of the relative percent difference shall be
calculated for 20 measurements. This is the average of the absolute values of
the relative percent error. The control limit shall be set at three times the
average relative percent difference, the warning limit at two times the average
relative percent difference.

For activated charcoal devices, the average background will be determined after
20 measurements, and the 2 sigma warning limit and 3 sigma control limit
determined by two and three times the standard deviation, respectively.

2. The following device specific QC measurements will be performed:

a. Electret Chambers:

Calibration of the voltage reader will be performed annually.

Weekly checks of electret reader zero and reference electret readings will be
performed according to the manufacturer’s instruction manual. Results are
recorded on the control chart which is illustrated in Appendix B.

Spiked sample measurement of samples obtained from the manufacturer will be
performed at the rate of three per 100 measurements taken, with a minimum of
three per year and a maximum of six per month. Spiked samples will be
recorded and evaluated on the control chart which is illustrated in Appendix C.
Duplicates will be performed at the rate of 10 percent of measurements, with a
maximum of 50 per month. A control chart for documenting duplicate
measurements and tracking precision is illustrated in Appendix D.

Blank samples for background measurement will be performed at the rate of 5
percent of measurements or ten per month, whichever is smaller. A
measurement log for documenting blank samples is illustrated in Appendix E.

b. Continuous Radon Monitors:

Each continuous radon monitor will be calibrated annually.
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ii. Each continuous radon monitor in service shall have a label affixed which lists
the calibration facility, the date of calibration and the date the next calibration
is due.

iii. Instruments which have passed the required calibration date will be removed
from service until calibration is performed.

iv. Current calibration certificates will be maintained on hand in the Radiation Shop
for each instrument in use.

v. Background measurements shall be performed for each continuous radon
monitor during calibration.

vi. Crosscheck measurements (side by side radon comparison measurement using
two different types of measurement devices) shall be performed at the rate of
ten percent of measurements. A log for documenting crosscheck
measurements for continuous radon monitors is illustrated in Appendix F.

vii. Routine instrument checks are performed by the instrument software upon
startup.

viii. Radon measurements shall be reported using the “Radon Protocol” result from
the instrument printout, which corrects the readings for the measured
instrument background.

c. Activated Charcoal devices:

i. Charcoal devices will be stored in a low radon environment when not in use.

ii. Appendix G will be used for device placement.

iii. Duplicate (side by side) measurements shall be made in at least ten percent of
measurements, with a maximum of 50 per month. A control chart for
documenting activated charcoal duplicates and tracking precision is illustrated
in Appendix H.

iv. Field Blanks shall be employed equal to at least 5 percent of measurements,
with a maximum of 25 per month. A control chart for documenting activated
charcoal blank measurements is illustrated in Appendix I.

v. Three spiked samples shall be performed for every 100 measurements, with a
minimum of three per year and a maximum of six per month. Devices shall be
sent to Bowser-Morner for spiking per the device manufacturer (Air Chek Inc.)
recommendation. A control chart for documenting spiked samples and
calculating the mean and standard deviation is illustrated in Attachment J.

3. Chain of custody will be maintained as follows:

a. Forelectret ion chambers, Appendix A shall be utilized for documentation of chain of
custody and maintained with the client record.

b. Continuous radon monitor printouts shall be initialed by the radon measurement
technician at the time/date for placement and retrieval as applicable. These printouts
shall be maintained with the client record.

c. Activated charcoal device custody shall be monitored using Appendix G, which shall be
maintained with the client record. Activated charcoal devices shall be stored in the
Bureau of Environmental Health offices on the 3™ floor of the Curtis State Office
building, which is a low radon environment.

4. A background radiation measurement shall be accomplished during continuous radon monitor
calibration and through routine electret background measurement. The latter shall be recorded
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using Appendix E. Background for activated charcoal devices shall be determined using field
blanks.

C.1 Assessment and Oversight

1. Measurements performed by KDHE Radon Measurement Technicians shall be submitted to the
Program Supervisor for review.

2. Complaints and suggestions regarding programmatic issues shall be reviewed as directed by the
Program Supervisor. Upon resolution of issues, programmatic changes required will be
documented and this Quality Assurance plan shall be amended as necessary.

D.1 Data Validation and Usability

1. Continuous radon data shall be reported using the “Radon Protocol” result on the printout,
which is corrected for instrument background.

2. The radon measurement technician performing the measurement shall adhere to all applicable
protocols and standard operating procedures to ensure that measurements are properly
conducted. The Program Supervisor or designee shall review all results prior to them being
reported to the client.
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Appendices
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Appendix A, Checklist for Radon Electret Detector Placement and Retrieval

Obtain two prepared Electret chambers for each home to be tested

Ensure closed house conditions are established and discuss with occupant need to maintain it during the testing
period

Open the top of the Electret chamber prior to placement. Record the date and time electret is opened.

Date Time, Initials

Place the Electret chambers side by side on the placement sheet or at least four inches apart.
OPEN FOR

. TESTING
e Place on lowest occupied level of the home

e Do not place in drafts from heating or air conditioning vents

e Do not place in closets, kitchen, bathroom, laundry room or other closed or high humidity areas
(bedrooms are good spot)

e Place at least 30 inches above the floor

e  Place at least 10 inches from other objects

e  Place at least 30 inches from windows and 10 inches from exterior wall

Retrieval
Close the tops of the Electret chambers. Record date and time:

Date Time Initials

Return Electret chambers and this checklist to KDHE for voltage reading.

CLOSED AT END

OF TEST
Acknowledge Receipt of Electret chambers at KDHE.

Date Time Initials
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Sample Placement Sheet for Electret Chambers

RADON TESTING DEVICES, DO NOT
DISTURB

Call 785-296-1560
Kansas Department of Health and Environment
Bureau of Environmental Health
Radiation and Asbestos Control Section

KDHE Radon QAP
Rev. 0

May 2013

Page 13 of 145



Appendix B Certified Readings of Reference Electrets
Read reference electrets weekly prior to commencement of measurement activities. The observed reading should be within one volt of the

value recorded on the certified electret certificate. If they do not agree, the electret reader and reference electrets should be returned to the
manufacturer for repair/service.

Electret # Date Reading (Volts) Voltage Reader # Reference Electrets Read and Certified By
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Appendix C Electret Spiked Sample Control Charts

Spiked Sample Results

Date Spike Number Reference Measured Relative
Value Value (pCi/L) | Percent Error
(RPE)

Upon completion of spiked sample reading, record the date, spike number and reference value above.
Upon receipt of reference value from spike provider, determine relative percent error by performing the
following calculation:

RPE= (Reference Value-Measured Value)/Reference Value*100
Record the relative percent error. Record the value on the control chart. An excel spreadsheet provided
by the QA officer shall be utilized for recording data.
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Appendix C Electret Spiked Sample Means Control Chart

30%

3 sigma control level

20%

2 sigma warning level

RPE 0

-20%

2 sigma warning level

-30%

3 sigma control level

Spike Number 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

After 20 measurements have been performed the actual mean and standard deviation shall be calculated and a
new means control chart produced and placed in service. 2 consecutive measurements outside the same 2 sigma
warning level should be investigated to determine cause of bias. Any measurement outside the 3 sigma control
level should be investigated. See See KDHE Quality Assurance Plan for Conducting Radon Measurements,

section B.5.1
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Appendix D, Electret Duplicate Control Chart (Results greater than 4.0 pCi/L)
Date Dup. No. A (pCl/L) B(pCi/L) Ro (A/B) Re R=Ry/Re

Ro=Higher result-lower result

Re=[(A+B)/2]*0.14 (Initially based on 14 percent Relative Percent Difference, should recalculate after 20
measurements and amend control chart accordingly). See KDHE Quality Assurance Plan for Conducting
Radon Measurements, section B.5.1
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Appendix D Ratio Control Chart for Tracking Precision of Electret Duplicate Measurements

34
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Control Level

Warning Level

Duplicate
No.

1 2 3 4

5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Appendix E Electret Blank Measurement Log

Date

Initial Voltage

Date

Final Voltage

Difference

Electret Serial
Number

Perform blank measurement for 5 percent of all radon measurements. Read initial voltage, transport device with devices being placed for
measurement, return blank device to office. Read voltage upon return of measurement devices. Voltage drop should not exceed 2 volts per
week. Notify QA officer for investigation if reading drops by more than 2 volts.
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Appendix F Continuous Radon Monitor Crosscheck Log

Date

Duplicate
Number

A (pCi/L)

B (pCi/L)

Mean ((A+B)/2)

Ro (Observed
Range)
(Absolute value
of A-B)

Re (Expected
Range)

CRM Serial Nos.

P P>EOP>PE>PE>DEDEDDEDDIEDDED>DIED>PD>

Ro=Higher result-lower result

Re=[(A+B)/2]*0.14 (Initially based on 14 percent Relative Percent Difference, should recalculate after 20 measurements and amend control chart
accordingly). See KDHE Quality Assurance Plan for Conducting Radon Measurements, section B.5.1
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Appendix G Activated Charcoal Device Placement ChecKlist

Obtain activated charcoal device(s) for site to be tested.
Record test kit number(s)

Open the packet being careful not to tear the brown paper inside. Insert the foam block into the opening per the
kit instructions.

Record start time and date on packet and below.
Date Time Initials

Hang the packet(s) at normal breathing level. Attach information sign (example is illustrated on the following
page) where clearly visible.

e Place on lowest occupied level of the home

e Do not place in drafts from heating or air conditioning vents

e Do not place in closets, kitchen, bathroom, laundry room or other closed or high humidity areas
(bedrooms are good spot)

e Place at least 30 inches above the floor

e  Place at least 10 inches from other objects

e  Place at least 30 inches from windows and 10 inches from exterior wall

Retrieval

Retrieve the device, remove foam block and seal the packet. Record stop time and date on packet and below.
Initial below to verify the time the test kit was sealed.

Date Time Initials

Place the devices in mail as soon as practical.
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Sample Information Sign for Radon Test Kits

RADON TESTING DEVICE, DO NOT DISTURB

Call 785-296-1560
Kansas Department of Health and Environment
Bureau of Environmental Health
Radiation and Asbestos Control Section
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Appendix H, Activated Charcoal Duplicate Control Chart (Results greater than 4.0 pCi/L)
Date Dup. No. A (pCl/L) B(pCi/L) Ro (A/B) Re R=Ro/R.

Ro=Larger-smaller result

Re=[(A+B)/2]*0.14 (Initially based on 14 percent Relative Percent Difference, should recalculate after 20
measurements and amend control chart accordingly). See KDHE Quality Assurance Plan for Conducting Radon
Measurements, section B.5.1

KDHE Radon QAP
Rev. 0

May 2013

Page 23 of 145



Appendix H Ratio Control Chart for Tracking Precision of Activated Charcoal Duplicate Measurements

34
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Control Level

Warning Level

Duplicate
No.

1 2 3 4

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Appendix I Activated Charcoal Device Blank Measurement Log/Means Control Chart

Date

Radon Concentration
(pCi/L)

Means Control Chart

<0.3LLD

0.3-<0.6 Warning

>/=0.6 Control Limit

LLD is 0.3 pCi/L, per manufacturer. Warning Limit 0.6 pCi/L, Control Limit 0.9 pCi/L. Investigate two consecutive results above warning limit or
one result above After 20 measurements determine standard deviation, mean, and 2 and 3 sigma warning and control limits. See KDHE Quality
Assurance Plan for Conducting Radon Measurements, section B.5.1
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Appendix ] Activated Charcoal Spiked Sample Control Charts

Spiked Sample Results

Date

Spike Number

Reference
Value

Measured
Value (pCi/L)

Relative
Percent Error
(RPE)
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Appendix J Activated Charcoal Spiked Sample Means Control Chart

RPE 0

30% 3 sigma control level
20% 2 sigma warning level
-20% 2 sigma warning level
-30% 3 sigma control level

Spike Number

123456789 10 11 12 13 14 15 16 17 18 19 20 21 22

After 20 measurements have been performed the actual mean and standard deviation shall be calculated and a new means

control chart produced and placed in service. 2 consecutive measurements outside the same 2 sigma warning level should be
investigated to determine cause of bias. Any measurement outside the 3 sigma control level should be investigated. See KDHE
Quality Assurance Plan for Conducting Radon Measurements, section B.5.1
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Appendix K Standard Operating Procedures for KDHE Radon Measurement Devices

Appendix K contains the following Standard Operating Procedures (SOPs):

e Appendix K, SOP1: Procedure for Durridge RAD-7, Page 29

e Appendix K, SOP2: Procedure for Femto Tech CRM-510F, Page 104

e Appendix K, SOP3: Procedure for RadonAway RadStar RS800, Page 107

e Appendix K, SOP4: Procedure for Sun Nuclear Model 1027, Page 114

e Appendix K, SOP5: Procedure for Rad Elec Electret Chambers, Page 130

e Appendix K, SOP6: Procedure for Air Chek Activated Charcoal Devices, Page 135
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SOP1 Procedure for Durridge RAD-7

Durridge RAD-7 in radon
measurement mode

Durridge RAD-7 in sniffing
mode
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Chapter 2

At the end of every cycle, the printer will print the
data of that cycle, according to the format setting.

In short format, it prints:

0102 2.69 " @0.73 p Sniff
FRI 21-MAY-99 19:41
26.8 EC RH: 7% B:7.06V

With the run and cycle number, radon level, two-
sigma uncertainty, units and mode in the top row,
date and time in the second, and temperature,
humidity and battery voltage in the third.

Medium format adds:

Total Counts: 357

Livetime: 28.2 min

A: 5.74" 0.98 cpm 45.4%
B: 0.32" 0.29 cpm 2.5%
C: 6.13" 1.01 cpm 48.5%
D: 2.00" 0.14 cpm 0.0%
0: 0.46" 0.34 cpm 3.7%

Counts scale, auto-ranging

Where the lifetime is the actual time spent waiting
for an event, slightly less than the elapsed time.
The windows, A, B, C, D, and all the rest, O,
correspond to the different alpha energies in the
spectrum.

Long format adds, to the short and medium
formats, a printed spectrum of the alpha energies,
as shown below.

At the end of a run, the printer will print a
summary, see figure in Section 1.4. It will include
an average of the radon concentrations, the high
value, low value and standard deviation. These
are followed by a bar chart, showing the variation
of radon concentration from cycle to cycle
throughout the run. Finally, it prints a cumulative
spectrum, showing the distribution of energy of
all the alpha decays counted during the run. This
spectrum is very informative. It gives a good
indication of the condition of the instrument and
the quality of the measurement. It is a useful
habit to look at the cumulative spectrum from
time to time, just to be sure that it has not changed
in character.

Window indicators A, B, C, and D

Dotted lines show

|B|C |D |/ window boundaries

2 3 4 5

Peak in window A at 6.00 MeV
(New radon)

\ Alpha energy scale
(in MeV units)

Peak in window C at 7.69 MeV
(Old radon)

Alpha Energy Spectrum
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Chapter 3

3.13 Spectrum Examples

3.13.1 Operational Radon Spectra
. . I |A|B|C|D |

A. Idealized radon in equilibrium . o _ _

This is what you would see if both the

detector and electronics reached theoretical

perfection. At full equilibrium, both peaks
are at the same height.

A 6.00 MeV Po218 2 3 4 5 6 7 8 9
C 7.69 MeV Po214

B. Radon in full equilibrium

After more than three hours at a constant
radon level. The count rate in window C is
about the same as in window A.

C. New radon

The RAD7 spectrum after less than one hour
of exposure to radon. The peak in window C
is just beginning to grow in, but its count rate
1s still much less than in window A.

D. Old radon

The RAD7 spectrum after purging the
instrument with radon-free air for more than
10 minutes, following exposure to radon.

40
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Chapter 3

3.13.2 Thoron Spectra

|A |B|C|D | A. New thoron

The RAD7 spectrum while continuously
sampling thoron laden air

B 6.78 MeV Po216

B. Thoron in equilibrium

The spectrum after continuously sampling
thoron laden air for more than 12 hours. The
count rate in window A should be about half
the count rate in window D

A 6.05 MeV Bi212
B 6.78 MeV Po2l6
D 8.78 MeV Po212

C. Old thoron

The spectrum after discontinuing a lengthy
sampling of thoron laden air. The thoron
peak, B, disappears immediately. The
remaining two peaks decay together with a
10.6 hour half-life. The count rate in window
A should be about half the count rate in
window D.

41
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Chapter 3

3.13.3 Combination Spectra

Radon and thoron spectra can add together to
form combination spectra. Peaks in window B
and/or D come from thoron, while a peak in
window C comes from radon. The peak in
window A is usually entirely from radon, but if
there is a peak in window D, then there will a
contribution of about half the D count rate to the
peak in window A.

|A|BIC|D |

|A|B|C|D |

|A[BIC|D |

42

The RAD7 takes this into account, and always
adjusts the window A count rate to correct for the
Bi212 count, before calculating the radon
concentration. The spectra below have
comparable amounts of radon and thoron, but you
will usually see one of the two much stronger than
the other.

A. New radon with new thoron.

B. Equilibrium radon with new thoron

C. Equilibrium radon with equilibrium thoron.

The count rate in window A is roughly the
rate of window C plus half the rate of window
D.

A 6.00 MeV Po218

+6.05 MeV Bi212
B 6.78 MeV Po2l6
C 7.69 MeV Po214
D 8.78 MeV Po212

KDHE Radon QAP
Rev. 0

May 2013

Page 71 of 145



Chapter 3

|A |B|C|D | D. Equilibrium radon with old thoron

The count rate of A is roughly the rate of
window C plus half the rate of window D.

2 3 4 5 6 7 8 9

|A |B|C|D | E. Old radon with old thoron.

The count rate in window A is no more than
about half the count rate of window D.

|[A|B|C|D | F. New radon with old thoron.

Looks like an old thoron spectrum, but the
count rate of window A is significantly more
than half the count rate of window D.

|A|B|C|D | G. New thoron with old radon.

43
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3.13.4 Pathological Spectra

If any of the following occur, and an external
cause is not identified, the user should contact

|A|BIC[D |

|A|BIC[D |
2 3 4 5 6 7 8 9

|A[B|C|D |

Chapter 3

44

DURRIDGE immediately. Email to
service@durridge.com would be a good way to
initiate the contact.

A. No counts.

Try a longer counting time. If there is not a
single count in an hour, that 1s clear indication
of instrument malfunction.

B. Few counts.

Normal for low radon levels and short
counting times. Abnormally low counts could
be caused by disruption of the air flow, or by
malfunction in the high voltage circuit.

C. Lead-210/polonium-210.

A persistent peak at 5.3 MeV will develop
from many years of regular use, or from
sustained exposure to very high radon levels.
It results from the buildup of lead-210 on the
detector surface. Lead-210 has a 22 year
half-life. It is not a problem for the RAD7
because the peak is outside window A, and
thus does not contribute to the background.

D. Wide alpha peaks.

Typically caused by electronic noise in the
system. May be associated with vibration,
with high operating temperature, or with
degradation of the surface barrier detectors
used in older model RAD7's, built prior to
1996.
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SOP2: Procedure for Femto Tech 510F

Pictured at Right: Femto-Tech 510F in its case.

Pictured below: Quick start Reference Card for
testing and printing with the device, and key to

operate device.
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SOP3: Procedure for RadStar RS800
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SOP4: Procedure for Sun Nuclear 1027

QUICK START: INSTRUCTIONS FOR USE

1.

Plug in the instrument and it
will automatically come on.

To verify memory is cleared,
hold the “AVG” button and the
“CUR” button and it will show
three dots in the view screen. If
this happens skip step 3.

If a radon level shows up in the
view screen then the memory
must be cleared by pressing and
holding both “AVG” and “CUR”
buttons until the yellow LED
underneath turns on. The
Yellow LED will blink. Then
Press and hold the “CUR” button
until the blinking yellow LED
turns off and turns back on and
is solid with no blinking. Let go
of the “CUR” button and the
display will blink once and then
display three dots.

Radon test starts automatically.
Device has a battery back-up in
case AC power is lost but
battery must be turned on.
Green light blinks if running on
battery. If running on battery
ensure at end of test the on/off
switch is turned to off.
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SOP5: Procedure for RadElec SPER-1E
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closed position. This turns on the reader. The display will show some diagnostic
information during power-up including the battery condition and temperature in
Fahrenheit. When the message “READY” is displayed, the unit is ready for use. If
an error message is displayed, it is necessary that corrective action be taken. (See
the section below on diagnosing problems.)

5. Pull the shutter handle again and hold it down until the voltage reading is
displayed. The voltage will be displayed in the middle of the screen. The battery
condition will be pictured to the left and the number in the upper right corner
indicates the time it takes to pull the shutter open (in milliseconds). If it is pulled
too quickly or too slowly, an appropriate message will be displayed and it is
necessary to repeat this step.

6. After leaving the shutter closed for several seconds, repeat step 5 and read the
voltage again. If this new value is different, repeat step 5 until a minimum of two
successive readings are the same. This repeated value is the correct electret
voltage reading.

7. Remove the electret from the reader and protect it either by placing the “keeper
cap” over it or by installing it in an appropriate chamber.

8. If additional electrets are to be read at this time, repeat steps 1, 2, 3, 5, and 6 to
obtain the desired readings. This may be repeated as often as necessary.

9. The SPER-1E reader will automatically turn off after two minutes of no slide
activity.

10. Return the SPER-1E reader to its carrying case and close the cover to allow the
desiccant to maintain the low humidity environment recommended by the
manufacturer.

Using the Reference Electrets

As mentioned above, calibration of the Reader is performed only by the manufacturer.
However, due to the sensitivity of the instrument, it is important that the calibration be
verified periodically by the user. This is done using the Reference Electrets and Zero
Electret (Standards) provided under the flap in the SPER-1E reader case. A Reference
Electret is one that is highly stable and has been measured with a calibrated reader. The
Reference Electrets provided are generally in the range of approximately 250 volts. A
record of the calibration including the date and exact voltage accompany the Reference
Electrets. Whenever the Reader is returned to the manufacturer for recalibration, the
Reference Electrets should accompany it for re-certification as well. The “Zero Electret”,
which consists of a metal plate, verifics that the Reader zeros properly. A weekly record
of all three Standards should be maintained and are used as part of your Quality
Assurance/Quality Control Program. The Reference Electrets are read in the same
manner as those used in radon monitoring. Whenever they are not being read, they must
be covered by their protective "keeper cap". If the weekly readings remain constant
within acceptable limits, you can be confident that your SPER-1E reader is functioning
correctly. (Please see the information sent with the Reference Electrets).
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SOP6: Procedure for Air Chek activated charcoal devices
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Appendix L Calibration Certificates
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04/22/2013 14:52 93774691 34

FEMTD TECH PAGE

femto-TECH Laboratories

CERTIFICATION OF CALIBRATION

a2

Instrument Model Instrument Type

CRMS510 Continuous Radon/Pulsed Ton Chamber
Unit Serial Number

CRM 510 6149

Test Type Test Length Background Level

Background 4045 0.15 (+/- 10%) CPM

Test Type Test Length Conversion Factor

Calibration 1440 0.347 +/- 0.01(18)

Test Length is stated in minutes.

CPM = counts per minute.

Default = background test was not performed; the default value
for the instrument was used to calculate the
conversion factor.

Instrument Calibration Description

CPM per pCill

9.334/-03) x 1073
CPM per qum3

pCi/l = picoCuries per liter of air.

Bg/m3 = Becquerels per cubic meter of air,

Other = the background level used to calculate
the conversion factor was provided by
the customer or other source.

Although a nominal instrument calibration factor is established by the ¢lecironic and physical design, an individual

factor_is_determined for_each production unit referenced to the calibration of a femto-TECH, Inc. "master" unit. femto-

TECH "master” units are calibrated in the Bowser-Morner Radon Calibration Laboratory, which maintains intercomparison R
traceabilities to U.S. Environmental Protection Agency and U.S. Department of Energy (EML) radon laboratories.
Background levels for individual units are determined at femto-TECH by an exposure to aged air or nitrogen for a minimum

of 24 hours.
Date: 4. 24. 2012

k; C ra:lg BrEtton

Calibration Technician

femto-TECH, Inc.®

P.O. Box 8257, 25 Eagle Court
Carlisle, OH 45005
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RadonAway.

CERTIFICATE OF CALIBRATION
RadStar RS800 Continuous Monitor

This instrument has been calibrated in accordance with the procedures set forth by the
manufacturer., Please retain this certificate with your records.

Calibration Date: 5=~/ P Next Calibration Dus: 5 = 7“" / 3
Serial Number__/ 7.2 7

Chamber Temperature 770,33 DegF

Chamber Humidity_ &/, 2% %RH

Radon Concentration_ /.S, 35 pCi/l
Sensitivity Factor__3 ) © Calibrated By: Q{\)}mﬁ\ ‘"‘M&vp

RadonAway 3 Saber Way

Ward Hill, Massachusetts 01835 978.521.3703

This RadStar Continuous Radon Monitor has been calibrated by the manufacturer using a
standard operating procedure for calibration of the RS800, TP010 Rev A. This procedure
provides for the following performance checks:

Systemn Functional Checks

Battery Check

Background Checlk in Nitrogen Chamber

Chamber Exposure in Known Radon Concentration
Adjustment to Sensitivity Factor, if necessary
Verification Chamber Exposure, if necessary.

The manufacturer, RadonAway performs quarterly inter-comparisons with a Secondary Chamber

which, in tum, performs quarterly inter-comparisons with the USEPA Primary Chamber in Las
Vegas, Nevada.

RS800 - NEHA-NRPP Device Code 476 Device Group 18 USEPA Verified

The RadStar RS800 is distributed by AccuStar Labs 888.580.9596
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DURRIDGE COMPANY Inc.

_ . “nnlnﬁi 524 Boston Road, Billerica, MA 01821
¢ | ) Tel: (978) 667-9556, Fax: (978) 667-9557

RAGGN INSTEUMENTATION www.durridge.com

Certificate of Calibration
RAD7 PROFESSIONAL RADON DETECTOR (NRSB device code - 31810 CR)

Calibration Date: _ \%- ot - 2072

Serial Number: 433 Date of last Calibration: _\%: NG 2O\

Model Number: RAD7-__ 11 Sensitivity, Normal mode: __-5%e___CPM/(pCill)
Software Revision: 2.5F Sensitivity, Sniff mode: L24%  CPM/(pCifl)y
Dates of Calibration run; e 6T to Ve eT20V2  Spill factor: OVE

Reference Unit Number: Qlel
Mean Temperature: 258 o
Mean Concentration: @2 pein 22533 Bg/m3

Sensitivity, Normal mode: __ VT2 CPM/(pCi/l) _.©vA  CPM/(Bg/m3)

Sensitivity, Sniff mode: 2] CPM/(pCi/l) _.©C% CPM/(Bg/m3)
Spill factor: LOV]
Calibration uncertainty: 2 % 2-sigma  (Notes 1,2)

Conversion factor - Normal: __ 212 (pCi/ly/CPM “1%-4Y (Bg/m3)/CPM

Conversion factor-Sniff: Y.4o (pCiHICPM \(o 2.8 (Bg/m3)/CPM

(Note 1) Based on counting statistics of the reference and this unit.

(Note 2) No account has been made for the calibration uncertainty of the reference unit relative to an absolute standard,

which we estimate to be within +/- 5%.

NRSB Accredited Radon Chamber Certificate Number: NRSB TRC0003

Calibrated by: __ C¥€ NRSB certification number: __ V2SSO
Signature: _G&Q.LQ.&,_QM‘__ Date: 1B @ 2012
It is recommended that this unit needs to be recalibrated on/before: 15 ol 72013
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=Y SUN NUCLEAR  ....cvsssis
—— . Melbourne, FL 32940-7508 U.S.A.
O ————

Ph: 321 259 6862 Fax: 321 259 7979

CO r por Gt i on http://www.sunnuclear.com

Radon Certificate of Calibration

The following radon monitor was placed in the calibration chamber:

SNC Serial No: 47810011
Model No: 1027

Actual Reading Error % Correction Factor Background
267.0 pCi/l 1.1% 0.98876 0.2

The Rn-222 gas concentration in the chamber, over the measurement interval was:

264.0 pCi/l, £10% as measured with 100ml scintillation cells

The correction factor is a multiplicative and can be applied to the displayed value on
the monitor.

The accuracy of this radon monitor per EPA and Proficiency recommendation is
+ 25% or 1 pCi/l, which ever is greater, after a 24 hour period of deployment.

This instrument has been calibrated in accordance with the specifications set forth by the
manufacturer. Radon gas calibrations are traceable to the NIST SRM 4973 Radon
emanation standard.

The error of the chamber concentration is a best estimate based upon typical
inter-comparison results with Bowser Morner Reference Laboratory. The most recent
inter-comparison in which Sun Nuclear participated, February 2012, resulted in a 1.2% error in
our reported measurement.

Frequency of re-calibration may vary depending upon local, state, or proficiency program
requirements,

Sun Nuclear Corporation has successfully met the established and published requirements for
Accreditation by the National Radon Safety Board as an accredited chamber. Certification No:
NRSB TRC6001 expiring November 2012.

Calibration Date: 10/25/2012  Next Calibration Date: 10/ 2013

Technician: C G

Please retain this document for record keeping purposes.

1027-01-01 Rev A
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