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General Information About
Radon Quality Assurance

INTRODUCTION

he Illinois Emergency Management Agency (IEMA) —Division of Nuclear Safety regulatesthe
T detection of radon or radon progeny in dwellings and the reduction of radon or radon progeny in
theindoor atmosphere through licensing requirements. Licensesareissued in accordance withthe
Radon Industry LicensingAct (RILA) and 3211lincisAdministrative Code 422. Professional licensees
arerequired to submit Quality Assurance Program (QAP) descriptionsfor IEMA-Division of Nuclear
Safety approval intheir license application package.

PURPOSE OF THIS GUIDANCE

Theinstructionsin this guidance document describe the areas and information needed by theAgency’s
Radon Program staff to evaluate an applicant’s QAPfor aMeasurement or Mitigation Professional
License. Individualswith atechnician licensework under their professionals QAP.

Prior to submitting an application for aMeasurement or Mitigation Professional License, the applicant
should carefully study theseinstructions and the requirementsinthe RILA and 32 I1l. Adm. Code 422
and submit all applicableinformation and documentation required. The Radon Program staff will
request additional information when necessary to ensure that the applicant has established an adequate
QAP. Requestsfor additional information will delay final action regarding the application and may be
avoided by athorough study of the regulations and these instructions prior to filing the application.

Theseinstructionsareintended only for general guidancein the preparation of the QAP description.
Whilethisbooklet may be used asyour initial planning tool in the publication of your QAP, these
instructions describe the elements that a QA P should encompass, but not how a specific organization
implementsthese elements. The applicant must assure that his’her QAP correctly and adequately
implementsthe particular objectives, products, processes and specific work practices of their
organization.

PURPOSE OF APPENDICES TO THESE
INSTRUCTIONS

Theregulationsrequire licenseesto devel op and implement written policies and procedures, which
ensure compliancewith the RILA and 32 11I. Adm. Code 422. The Appendices provide guidance on
establishing and writing procedures, which the applicant may choose to usein their program.



DEFINITIONS

Audit meansanindependent review to determinewhether quality assuranceactivitiesand related resultscomply with planned
objectives.

Document meansany written or pictorial information describing, defining, specifying, reporting, or certifying activities,
requirements, procedures, or results.

General Supervision meansthe overseeing of or participation inthework of eachlicensed technician by alicensed professional
whereall of thefollowing conditionsare met:

1 Eachtechnician performing radon measurementsor mitigationsshall beunder the professiona’ soveral directionand
control, but the professiona’s presence at thework siteisnot required during the performance of the measurement or
mitigation;

2 Thecontinuousavailability of direct communicationin personor by radio, telephone, or telecommunicationsbetween the
techniciansandtheprofessond;

3 Professondsmust ensurethat each technician complieswiththe Radon Industry LicensingAct, 32111. Adm. Code 422
andtheir Quality Assurance Program. Professional licenseesareresponsiblefor al therequired actionsof technicians
working in accordancewiththeir Quality Assurance Program; and

4. Theavallability of thelicensed professiona onaregularly scheduled basisto completeall thefollowing actions:

a Reviewandaudit thepracticesof each technician;

b.  Provideconsultationtoeachtechnician;

¢.  Review required records, documentation and quality controls; and

d  Educatethetechnicianinthe performance of thetechnicians Quality Assurance Program functions.

IEMA or Agency meansthelllinoisEmergency Management Agency
Independent review meansareview performed by individualswho arenot directly responsiblefor thework performed.
Management meansthoseindividual sdirectly responsibleand accountablefor planning, implementing, and ngwork.

M easurement meansany radon or radon progeny tests, laboratory analysis, or exposurein aknown radon or radon progeny
environment, asinaradon chamber.

Mitigation meanstheact of repairing or altering a building or building design for the purposeinwholeor inpart of reducing the
concentration of radonintheindoor atmosphere[4201LCS44/15)]

Non-confor mance meansapparent nonfulfillment of, or aquestion of interferencewith thefulfillment of, specified
requirementsintheRILA or 3211l. Adm. Code422.

Quality assurance meansaprogram for the systematic monitoring and evaluation of thevarious aspectsof aproject, serviceor
facility to ensurethat standards of quality arebeing met.

RILA meanstheRadon Industry LicenangAct [4201LCS44]

Shall meanswhen theelement isrequired and deviation from the specification will congtitute non-conformancewith the
regulation.

Should meanswhentheeement isrecommended.
Sandard operating procedure(SOP) meansawritten document that detailsthe method for an operation, analys's, or action

with thoroughly prescribed techniquesand steps, and that isofficialy approved asthemethod for performing certain routineor
repetitivetasks.
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PITFALLSIN APPLICANT QUALITY ASSURANCE
PROGRAM (QAP) SUBMITTALS

heAgency has noted shortcomingsin many of the Radon Quality Assurance Programsit hasreviewed.
hefollowinglistisgeneral guidancethat should help licensees shorten thereview time needed to

supplement incompl ete QAP submittalsand hel p to minimize the amount of additional information requested by
the Agency.
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2)

3)

4)

5)

6)

8)

9)

Applicant submittalsare not consistent with the 32 I11. Adm. Code 422. Asan example, applicants
routinely state that a Non-Interference Agreement will besignedinall real estatetransactions. Thiswould
imply that Non-Interference Agreements are not required for Home Environment measurements. The
regulation requires Non-Interference Agreementsfor all measurements. Applicantsneed to thoroughly
read the RILA and 32 I1I. Adm. Code 422 to ensure their QAPis consistent with all the requirements.

Definitions are not included when terms not previously defined by the RILA and/or 32 I11. Adm. Code
422 areused. Asan example, applicants usetheterm “technician” without clearly defining the limitations,
qualificationsand responsibilities of thispositiontitle.

Diagramsarerequired in both the measurement protocol and mitigation standard. Yet applicants often
overlook including requirementsfor the performance of diagramsintheir SOP's. Diagrams should:

a) Bedrawnto scale and specify the diagram scale.

b) Identify areas of interest within each room, such as detector placement, primary and secondary.

¢) Indicatethedirection of north

d) Specify theaddress

€) Specify the principal use of each room

f) Clearly identify each foundationtype

g Indicateall doorsand windows

h) Includeakey or legend

Techniciansdon’t have the radon professional sign their application acknowledging the technician will be
working under the professional sgeneral supervision and in accordance with the professionals QAP.

Applicants do not submit changesto the Agency asarequest for an amendment to their license.

Applicants do not submit SOP' sfor all measurementsto be performed. Asan example, measurement
professionals state they perform measurements of commercial buildings and schoolswithout submitting
SOP'sfor their performance.

Applicants state the use of more than onetesting device and only include the primary device'scalibration
and quality acceptance criteria.

Boiler Plate Quality Assurance Programs-A pplicants should befamiliar with all the stipulations and
commitmentsthey haveincluded intheir QAP's. Boiler plate QAP smay include commitmentsthe
applicant isunaware of, but for which the applicant will be responsiblefor compliance and
implementation.

Applicants do not provide proof of successful completion of 1) the USEPA Radon M easurement or
Mitigation Course, or an equivalent indoor radon and radon progeny measurement course approved by the
Agency, and 2) USEPA Radon Measurement or Mitigation Examination, or an equivalent examination
approved by the Agency in accordance with 32 111. Adm. Code 422.



WHY HAVE A QAP?

ndividualsor organizationsapplying to IEMA to becomelicensed radon or radon progeny
Leasurement or mitigation service providers must devel op and implement aquality assurance
program. Therequirementsare outlinedinthe RILA and 32 |II. Adm. Code 422.

The primary concern of any individual or company measuring or mitigating radon or radon progeny
must be the quality of the results of those programs. The management of an organization isinfluenced
by the objectives of the organization, by its services and by the practices and policies specific to that
organization. Therefore, quality assurance programs vary from one organization to another. A major
goal of quality management isto improve the processes so that continued improvement of quality can
beachieved. Planning agood quality assurance program, when properly designed and diligently
followed, ensuresthat you will be ableto produce the type and quality of measurement and mitigation
results you need and expect.

If, after reading this document, the RILA and 32 11I. Adm. Code 422, you still have questions about
setting up a QAP, or how you should meet the licensing requirements, contact the IEMA Radon
Program at (800-325-1245). Some private consultants can also assist you.

A QAP hastwo components. Thefirst component isitswritten structure, the quality assurance plan,
which establishes all the goals and general procedures of the program. The second component isthe
documentation, which establishesthat all the steps of the quality assurance plan have been followed
and the goals of the program have been reached. Together, these components provide the structure by
which you undertake your licensed activities. Thisgivesyou adocumented record of your work,
whichwill validate your performance and hel p protect you and your customers.

ELEMENTSOFA
QUALITY ASSURANCE PROGRAM:

This section describes the contents of each of the following QAP elements:
apolicy statement committing to provide quality work;
adescription of management and structure of the organization;
alisting of personnel, their qualificationsand training;
proceduresfor procurement of equipment and services,
proceduresfor maintaining documents and records;
adescription of relevant computer hardware and software;
aplanning processfor radon and radon progeny services,
proceduresfor calibration and testing of instruments;
aprocedurefor responding to complaints;

acorrective action program; and

standard operating procedures.
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POLICY STATEMENT

A policy statement briefly explains, in the most general terms, what you are doing and why. This should
include acommitment to providing quality servicesto your clients, and working in accordance with the
requirements of the RILA and 32 11I. Adm. Code 422.

MANAGEMENT AND ORGANIZATION

All individualswho haveresponsibilitiesin providing radon services must beidentified. 1n asubsection about
applicability, thisshould includetheindividuals job titles, job descriptions, responsibilities, and reporting
structure. Thisshould also include astatement of who holds ultimate responsibility for work, who carries out
work, and who has the authority to stop unsafe or inadequate work.

Another section should be concerned with review of the program. Periodically (at least once ayear), the QAP
should be reviewed, revised or upgraded, and approved for use.

A third section should discuss provisionsfor periodic audits of the program. Auditsareformal, structured and
comprehensivereviews. An audit can be conducted by the licensee, an employee, or an outside auditor. An
audit should include awritten report of findings, awritten assessment of whether or not the QAP isachieving
itsgoals, and suggestionsfor improving the program dueto changesin technology, quality concepts, regulations
or environmental conditions.

PERSONNEL QUALIFICATIONS AND TRAINING

Your radon staff needsto be qualified. Part of the QAPisto establish what training and qualification
requirementsyou havefor your radon staff. Thisincludesidentifying thetraining requirementsfor both
licensed and unlicensed workers. For each worker, you are required to keep and maintain evidence of all
training for the duration of employment, and for five years past the end of employment.

PROCUREMENT OF ITEMS AND SERVICES

To ensure that your radon services arereliable, you need to plan and control your purchase of equipment and
servicesfrom suppliers. When you order equipment, you should be sureto clearly describe theitem or service
being purchased and the associated technical and quality specifications of the purchase.

CONTROL OF DOCUMENTS AND RECORDS

All documents and recordsrelating to your radon work must be carefully
controlled. Inthe QAPR, you need to spell out which documentsyou are going to
use, how you are going to use them, how you will replace outdated documents,
and how you are going to store your documents and records to ensure their future
protection and availability. Recordsof radon measurements, mitigations, QAP,
calibration measurements, equipment repairs and worker protections plansshall be
retained by thelicenseefor at least 5 years or the length of time of any warranty
or guarantees, whichever islonger.

CALIBRATION

Use of instruments and testing equipment used in your radon program needsto be
controlled, and the devices need to be calibrated at specified interval s so that their
accuracy iskept within regulatory limits. Inthe QAP, you need to lay out your
program for ensuring that each of your instrumentswill be calibrated.




PLANNING

For aradon measurement or
mitigation organization, thereis
abusiness need to attain and
maintain adesired, or required,
level of quality of services.
The consistent fulfillment of
thisneed isrelated to the
planned and efficient use of
technology, personnel, and
materials. Planning provides
applicantsfor aRadon
Professional Licensean
opportunity to ensurethat
functionsare consistent with
and fulfill specified
requirementsinthe RILA, 32
[1l. Adm. Code 422 and the
applicant’squality goalsand
procedures. The elements of
QAP'spresentedinthis
booklet may serve asthe basic
structure of your published
quality commitments.
However, the applicant must
decide the means and methods
by which the organization
implementsthese elements.

COMPUTER HARDWARE AND
SOFTWARE

Any computer hardware and software devel oped specifically for
usein your radon business must be documented, including where
they were acquired and how they areinstalled, tested, used,
maintained, modified and controlled. Any changesto hardware or
software must be tested and documented.
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SUGGESTIONS AND COMPLAINTS

Your QAP shouldinclude aprocedure for accepting, assessing and responding to
suggestionsand complaints from customers, regulatory agencies, and others. This
procedure should include documenting the suggestion or complaint, assessing it,
determining how you will consider alternative resol utionsfor the problem and carrying
out aresponse.

CORRECTIVE
ACTIONS

You need to describe how corrective
actions-whether they originate in a
periodic review, anannual program audit,
or from suggestions or complaints-will
be determined and implemented. This
includes detailing how the proposed
remedy will be implemented and how
you will verify its effectiveness once
implemented. Thisshould asoinclude
assessing any impact the corrective
action will have on other aspects of your
program. Important considerations
regarding corrective actionsareoutlined
inAppendix A.

EXHAUST
1

188 didmrmmammames B0 ann

STANDARD OPERATING PROCEDURES

All relevant aspects of your radon activities should have written
standardized procedures. In your QAP, you need to establish which
standard procedures are necessary, who will develop and usethem, and
how staff will betrained intheir use. Appendix B includesan outline of
theinformation typically includedin SOPs.

APPENDICES TO QUALITY
ASSURANCE PROGRAM
DESCRIPTIONS

Inyour QAP descriptionsinclude pertinent information such as
definitions, acronyms, illustrations, standard forms, tables, charts, etc.

10



APPENDICES AND REFERENCES

Appendix A

Cor
rem

a)

b)

f)

9

rectiveAction. The corrective action program should assure the prompt incorporation of the proposed
edy and the verification of its effectiveness.

Theresponsibility and authority for ingtituting corrective action shall be defined. The coordination, recording, and
monitoring of correctiveaction relatedto all quality related aspectsof the organization should be assigned.

Thesignificanceof aproblem affecting quality should beevaluated intermsof itspotential impact on such aspects
astesting and customer satisfaction.

Therelationship of cause and effect should be determined, with al potential causes considered. Important
variablesaffecting the capability of the processto meet required standards should beidentified.

Inthe analysisof aquality related problem, the root cause should be determined before the preventive measures
areplanned. Often theroot causeisnot obvious, thus requiring careful analysisof al related processes, methods,
quality records, staff, and work forceinput, and technical complaints.

Inorder to prevent recurrence of aquality related problems, preventive action should beinitiated to adegree
appropriateto the magnitude of the potentia problems.

Sufficient control of methodsand proceduresshall beimplemented to prevent recurrence of quality related
problems. When the preventive measures areimplemented, their effect should be monitored in order to ensure
that desired goalsare met.

Permanent changesresulting from corrective or preventive action shall berecorded inthe QAP description. It
may also be necessary to revise the procedures used to detect and eliminate potential problems. When QAPsare
amended, the changes must be submitted to IEMA for review and approval..

Appendix B

S

andard Operating Procedures(SOP). Radon or radon progeny measurements shall be performedin

accordance with written standard operating proceduresfor each measurement systemin use. The standard
operating procedures shall be approved by the applicant / licensee respons blefor radon or radon progeny

m

a)
b)

easurement services.
All standard operating procedures shall be consistent with applicable sectionsof the32 I11. Adm. Code 422.

The sectionsin each procedure are indicated below and are underlined. All sectionsareincluded even if
thereisno information given, inwhich casetheword “None or “Not Applicable” isplaced directly under
thesectiontitle.

1.0 INTRODUCTION: - A concise statement of the procedureintent.

20 SUMMARY: - Summarizesthe extent of the procedure or areasto which the procedure applies.

3.0 DEFINITIONS: - Contains definitions of uniqueterms/ words used in the procedure.

40 STANDARDS: - Identifiesreference materials/ standardsto be used with field equipment aslisted in Section

7.0.

50 CALIBRATION REQUIREMENTS: - Identifiescalibration requirementsand operability checksfor

equipment required aslistedin Section 7.0.

6.0 QCREQUIREMENTS: - Identifiesany QC requirementsto be satisfied to ensure compliancewith the

procedure, or to ensure the quality of required equipment, standards or theinstal lation process.

7.0 EQUIPMENT REQUIRED: - Identifiesany standard or unique equipment needed to satisfy the procedure

process.
11



80 PROCEDURE: - Describesthe performers, actions and controlsto befollowed to implement theintended,
controlled process.

9.0 RECORDS: - Identifiesthequality assurancerecordsto be created and retained which demonstrate
compliancewith, and completion of, the controlled process.

REFERENCES: - Liststhe documents used to prepare the procedure or to be used to implement the procedure.

ATTACHMENTS: - Thissection identifiesincluded information or sampleformsneeded to implement the procedure.

NOTE: Thetop of each procedure page shall contain a procedure number, revision number and effective date. When
changes are made, the dates must be revised and acopy of the revisions submitted to the Agency for review and approval.

Appendix C
Inter pretation Of The Results Of Side-By-Side M easurements

Section C.1 AssessmENT OF PRECISION

Radon and working level measurements, like all measurements, usually do not produce exactly the sameresults,
even for co-located measurements. It istherefore critical to understand, document, and monitor the variability, or
precision, of the measurements. Thisknowledge and proper documentation will allow you to characterize precision
error to clients. Furthermore, the continual monitoring of precision provides acheck on every aspect of the
measurement system.

The objective of performing simultaneous or duplicate measurementsisto assessthe precision error of the
measurement method, or how well two side-by-side measurements agree. Thisprecision error isthe“random”
component of error (as opposed to the calibration error, which is systematic). The precision error, or the degree of
disagreement between duplicates, can be composed of many factors. Theseincludethe error caused by the random
nature of counting radioactive decay, dight differences between detector construction (for example, small
differencesin the amount of carbon in activated carbon detectors), and differencesin handling of detectors (for
example, differencesin accuracy of the weighing process, and variations of analysisamong detectors).

Thereisavariety of waysto quantitatively assessthe precision error based on duplicate measurements. Itisfirst
necessary to understand that precision is characterized by adistribution; that is, your side-by-side measurementswill
exhibit arange of differences. Thereissome chancethat any level of disagreement will be encountered, due merely
tothe statistical fluctuations of counting radioactive decays. The probability of encountering avery large difference
between duplicatesis smaller than the chance of observing asmall difference similar to those that areroutinely
observed. Itisimportant to recognize that afew high precision errors do not necessarily mean that the
measurement system isflawed.

Ideally, the results of duplicates should be assessed in away that allowsfor the determination of what level of
chanceisassociated with aparticul ar difference between duplicates. Thiswill allow for the pre-determination of
limitsfor the allowabl e differences between duplicates before an investigation into the cause of the large differences
ismade. For example, thewarning level, or thelevel of discrepancy between duplicateswhich triggersan
investigation, may be set at afive percent probability. Thislevel isadifference between duplicatesthat isso large
that, when compared with previous precision errors, should only be observed five percent of thetime. A control
limit, where further measurements should cease until the problem is corrected, may be set at one percent
probability.

A control chart for duplicatesisnot as simple asacontrol chart used to monitor instrument performance, with a
check source. Thisisbecausethe instrument’s response to a check source should be fairly constant with time.
Duplicates are performed at various radon concentrations, however, and the total difference between two
measurementsis expected to increase as radon levelsincrease.

Use of statistics such astherelative per cent difference (RPD; difference divided by the mean) or the coefficient
of variation (COV; standard deviation divided by the mean) can be used in acontrol chart for duplicate
measurements at radon concentrations where the expected precision error isfairly constant in proportion to the

12



mean, e.g., at levels greater than around 4 pCi/L or 0.02 WL. At lower concentrations, for example, between 2
pCi/L (or 0.01 WL) and 4 pCi/L (or 0.02 WL), acontrol chart may be developed by plotting these same statistics;
however, the proportion of the precision error to the mean will be greater than that proportion at levelsabove 4
pCi/L or 0.02 WL At concentrations less than about 2 pCi/L, or 0.01 WL, the lower limit of detection may be
approached, and the precision error may be so large asto render a control chart not useful.

Example control charts, using three different statistics, are described in the following sections.

Section C.2 ExampLE ConTROL CHARTS FOR PRECISION

Before acontrol chart can be developed, it is necessary to know, from ahistory of making good quality
measurements with the exact measurement system (detectors, analysis equipment, and procedures), the level of
precision that isroutinely encountered when the system is operating well or “in control.” Itisthat “in control”
precision error that formsthe basis of the control chart, and upon which all the subsequent duplicate
measurementswill bejudged. Therearetwo waysof initially determining this*in control” level. Thefirst, and
preferable, way isto perform at least 20 duplicate pairs of measurements at each range of radon concentrations
for which acontrol chart isto be prepared. For example, if you will only assess precision at concentrations greater
than 4 pCi/L or 0.02 WL, you will need at least 20 pairs of measurements at concentrations greater than 4 pCi/L
or 0.02 WL, to assessthe“in control” level. The average precision error (RPD or COV) should bethe“in
control” level.

The second way toinitialy set the“in control” precision error level isto use alevel that has been used by others,
and that isrecognized by industry, USEPA and IEMA asagoal for precision, for example, a10 percent COV
(corresponding to a 14 percent RPD). After at least 20 pairs of measurements are plotted, it will become apparent
whether the 10 percent COV (or 14 percent RPD) is appropriate for your system. If it isnot, anew control chart
(using the guidelines below) should be prepared so that the warning and control limits are set at the correct
probability limitsfor your system.

Sequential Control Chart Based on Coefficient of Variation

It can be shown (Iglewicz and Myers 1970, EPA 600/9-76-005; U.S. EPA 1984) that when the expected precision
is aconstant function of the mean, control limits can be expressed in terms of the COV (COV=S/X ; where Sis
the variance or the square of the standard deviation, and X _isthe mean or average of the two measurements).
One method for obtaining percentilesfor the distribution of the COV isto apply achi squared (x?) test:

x°ny = B[(n-1)COV,?/(n+(n-1)COV,?)] (Equation 1)

where B =n[1+ (/COV?)];
COV = the observed COV of the n" pair (the pair that is to be evaluated); and
COV = the “in control” COV (e.g., 10 percent at levels greater than 4.0 pCi/L).

For duplicates, where n=2, Equation 1 becomes
x° = [2 + (2/COV)][COV,?/(2 + COV,?)] (Equation 2)
For avalue of 0.10 for COV, it further reduces to

x° = 202[COV,?/(2 + COV,)] (Equation 3)

Referring to ax? chart, you learn that the probability of exceeding ax? of 3.84 isonly five percent. Inserting thisvalue
of 3.84 for x* and solving for COV  producesaCOV  of 0.20. Thislevel of probability formsthe warning level
shown in Exhibit C-1. The control limit correspondsto ax® of 6.63 and aCOV | of 0.26, where the probability of
exceeding those valuesisonly one percent.

13



Thissequential control chart should be used by plotting resultsfrom each pair on the y-axis, and noting the date
and measurement numbers on the x-axis.

Sequential Control Chart Based on Relative Per cent Difference
The RPD (or relative percent difference) isanother expression of precision error, and isgiven by

RPD = [100lx,-x,1)/[(x, +x,)/2] (Equation 4)
For n=2,
RPD = COV+/2 (Equation 5)

The control limitsfor RPD can be obtained simply by multiplying the control limitsfor COV by the square root
of two, or 1.41. Theselimitsare shown in Exhibit C-2. Thissequential control chart for RPD should be used in
the same way asthe control chart for COV, that is, with the vertical scalein units of RPD and the horizontal

scalein units of date and measurement numbers.

A control chart using the statistic RPD based on an “in control” level of 25 percent RPD is shown in Exhibit C-
3. Thewarning level and control limit are set at 50 percent and 67 percent, respectively. Use of theselimits
may be appropriate for measured radon concentrations lessthan 4.0 pCi/L.

Exhibit C-1 ControL CHART* FOR CoEFFICIENT OF VARIATION (COV)
Basep oN AN “IN ConTROL” LEVEL OF 10%
(For duplicateswhere average>4.0 pCi/L or 0.02WL)

se<x Control Limit
- Expect to see duplicates produce COV greater
than 26%6 only 196 of the time (1/100 chance)

s0s VWarning Level
i E - Expect to see duplicates produce COV greater
than 206 only 596 of the time (1/20 chance)

Coefflclent of Varlation

1 0= "In Control™ Level
- Expect to see results routinely produce this CO»

e

] B ) 2 i
- 2 - *

2 L
+ + -t

Date and Measurement Number
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Exhibit C-2 ConTrRoL CHART* FOR RELATIVE PERCENT DiFrFerReNCE (RPD)
Basep on AN “IN ConTROL” LEVEL OF 14% (=COV orF 10%)

(For duplicateswhere average>4.0 pCi/L or 0.02WL)

— Control Limit :
- Expect to see duplicates produce RPD greater
than 36% only 19% of the time (1/100 chance)

>89 Warning Level
’ - Expect to see duplicates produce RPD greater
than 28% only 5% of the time (1/20 chance)

Relative Percent Difference

14 “in Controi™ Level
’ - Expect to see results routinely produce this RPD

L

1 1 L L 3
L T T Y L T

L. 1 . 2 I 1
v Y 3 T - T

Date and Measurement Number

RPD = difference between two measurements divided by the average
Example: Detector A=5.0 pCi/L, B=6.0 pCi/L, RPD=18%

If RPD exceeds the control limit — cease measurements until the problem is
identified and corrected.

If RPD exceeds the warning level - follow guidance in Section C.3 and see Exhibit
C-5.

* As calculated from guidance provided in “Quality Assurance Handbook for Air
Pollution Measurement Systems: Volume 1" (EPA 600/9-76-005; U.S. EPA 1984)
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Exhibit C-3 ConTroL CHART* FOR RELATIVE PERCENT DiFFerReENCE (RPD)

Basep oN AN “IN ConTROL” LEVEL OF 25% (=COV oF 18%)
(For duplicateswhere average<4.0 pCi/L or 0.02WL)

Control Limit
- Expect to see duplicates produce RPD greater
‘than 67% only 1% of the time (1/100 chance)

67 %!

Warning Level
- Expect to see duplicates produce RPD greater
than 50% only 5% of the time (1/20 chance)

50%

Relative Percent Difference

*in Control!l"” Level
- Expect to see resutlts routinely produce this RPD

250/

L i 1 i1 L L
T ¥ T T 2

L 1 L L 1 ] 1
T T T T T -

Date and Measurement Number

RPD = difference between two measurements divided by the average
Example: Detector A=2.0 pCi/L, B=3.0 pCi/L, RPD=40%

If RPD exceedsthe control limit — cease measurements until the problem isidentified and corrected.
If RPD exceedsthewar ning level - follow guidancein Section C.3 and see Exhibit C-5.

* Ascalculated from guidance provided in “ Quality Assurance Handbook for Air Pollution Measurement
Systems: Volume|” (EPA 600/9-76-005; U.S. EPA 1984)

Range Control Chart

A range control chart (Goldin 1984) can be constructed to evaluate precision, using the statistics of the range
(difference between two measurements) plotted agai nst the average of the two measurements. The control limits
are again based on the variability of the measurements, as decided upon from previous results or using an industry
standard (e.g., 10 percent).

Inthistype of control chart, the limits are expressed in terms of the mean range (R ), where, for n=2.

R, =11285(x) (Equation 6)

where s(x) isthe standard deviation of asingle measurement, which reflects counting and other precision errors.
Goldin showsthat the limits can be expressed asfollows:

Control limit = 3.69 5(x) (Equation 7)

Warning level =2.53 5(x) (Equation 8)

An examplerange control chart, using an assumed s(x) equal to 10 percent of the mean concentration, isshownin
Exhibit C-4. The chart isused by plotting the range versus average concentration as duplicate measurements are
analyzed.
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Exhibit C-4 RANGE CoNTROL CHART TO EvALUATE PRECISION
(LimitsBased on s(x)=0.1x
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If results exceed the contr ol limit — cease measurements until the problem isidentified and corrected. If results
exceed thewar ning level - follow guidancein Section C.3 and see Exhibit C-5.

Section C.3 INTERPRETATION OF PrecisioN CoNTROL CHARTS

The control chart should be examined carefully every timeanew duplicateresult isplotted. If aduplicate result
falls outside the controal limit, repeat the analysesif possible. If the repeated analyses also fall outside the
control limit, stop making measurements and identify and correct the problem.

If any measurementsfall outsidethewar ning level, use thetablein Exhibit C-5. Refer to the row showing the
number of duplicate results outsidethewarning level. If thetotal number of duplicate resultsaccumulatedin
the control chart iscontained in column A, investigate the cause of the high level of precision error but continue
making measurements. |f thetotal number of duplicate results on the chart is contained in column B, stop
making measurements until the cause for the high precision error isfound, and it is determined that subsequent
measurementswill not suffer the same high level of precision error.

Note that the example control charts shown here are simplifications of actual conditions, becausethey are
premised on the assumption that the precision error is aconstant fraction of the mean concentration. Infact,
thetotal precision error may best be represented by a different function of the mean concentration, for
example, the square root of the concentration. The most accurate control chart can be rendered by arange
control chart using the measurement uncertainty expressed asthe standard deviation, s(x), expected at the
concentrations where measurements are made. |f the precision error is not a constant fraction of the mean, the
control limitswill not appear asstraight lines, but may exhibit changing slope. However, methods discussed
here present a conservative way to monitor, record, and evaluate precision error and are very useful for
comparing observed precision errorswith an industry standard.
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Exhibit C-5 CRITERIA FOR TAKING ACTION FOR M EASUREMENTS
OuTtsiDE THE WARNING LEVEL*

Total Number of Duplicates
Number of Duplicate Results Investigate, But Stop Operations Until
Outside the Warning Level Continue Operations Problem is Corrected
A B

2 8-19 2-7

3 17-34 8-16

4 29-51 17-28

5 41-67 29-40

6 54-84 41-53

7 67-100 54-66

* Modified from Goldin (Goldin 1984) and based upon cumulative probability tables of the binomial distribution.

Appendix D

SampleQuality Management Plan

NOTETOAPPLICANTS

The Illinois Emergency Management Agency (IEMA) Division of Nuclear Safety (DNS) is providing this
EXAMPLE Quality Assurance Program (QAP) to assist radon license applicants with completing the required
edementsof the Professional License application. Whilethisdocument containsall the required quality commitments,
it alone does not fulfill all the quality program requirements for alicense. You must still describe your radon
business practices and processes in standard operating procedures, to which you are committed in this QAP
Also, you must provide copies of all forms, charts, etc. that are specified in your radon practice procedures.
Failure to submit complete procedures pertinent to your license category (i.e., measurement or mitigation) will
delay issuance of your license.

BE AWARE, that uponissuance of your license, the Radon Program will hold you accountablefor fulfilling al the
commitments madein your QAP.
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IEMASAMPLE OFA

Quality Assurance Program

ORGANIZATION NAME

POLICY STATEMENT

ORGANIZATION NAM E commitsto providing quality radon related servicesto our clients, and to working
in accordance with the requirements of the Radon Industry LicensingAct, 32 IllinoisAdministrative Code 422,
Licensing of Radon Measurement and Mitigation Services, and this Quality Assurance Program (QAP).
Compliancewith thispolicy ismandatory for all ORGANIZATION NAM E employeesinvolved in radon-
related servicesor practices.

I.MANAGEMENT AND ORGANIZATION

Management and Organizational information is presented in three sections:

+ Position Descriptions and Reporting Structure
+ Periodic Review of the Quality Program
+ Annua Audits

Position Descriptions and Reporting Structure

VERSION ONE:
ORGANIZATION NAME is asole proprietorship with no employees. APPLICANT NAME has ultimate
responsihility for radon related work and will ensure only safe and adequate work is performed.

VERSION TWO:

This section identifies all ORGANIZATION NAME individuals responsible for providing radon services.
Individual’slisted below carry out radon related activities. Below each individual’s nameisadescription of the
individual’s position/ jobtitle, position description, position responsibilities, and reporting structure. Thisinformation
isrepresented graphically in the attached Organization Chart.

Theindividua with ultimate responsibility for radon related work isAPPLICANT NAME.

Theindividual (s) who has/have authority to stop unsafe or inadequate work i/are listed bel ow:
1)
2)
3

Periodic Review of the Quality Assurance Program (QAP)

At least annually, but as often as needed, the QAP and its Standard Operating Procedures are reviewed and
may berevised in order to document improved practice. All substantive changesare mailedto|EM A at least
30 days prior to the effective date of the revision. Substantive changes must be approved by IEMA prior to
implementation.

Annual Audits
Atleast annually, aformal, structured, and comprehensive audit of the QAPisperformed. ORGANIZATION
NAME Radon Professional Licensee, employee(s), or aqualified outside auditor may conduct audits.

Audit findings are described in awritten Audit Report, along with awritten assessment of whether or not the QAP

isachieving itsgoals and including suggestionsfor improvement due to changesin technology, quality concepts,
regulations, laws, or environmental conditions.
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TheAudit Report isreviewed by INDIVIDUAL NAME, TITLE, asenior manager with authority over all radon
related work and authority to see that audit findings are corrected, corrections are verified, and verification is
documented.

* NOTETOAPPLICANTS: Qualified means knowledgeable of the RILA and 32 11. Adm. Code 422
requirements or an experienced quality assurance professional auditor.

. PERSONNEL QUALIFICATIONSAND TRAINING

Quadlified radon staff isimportant. ORGANIZATION NAM E employeeswho performradon L | CENSE
CATEGORY arelicensed by thelllinois Emergency Management Agency, Division of Nuclear Safety. Training
on safety and operational policiesand proper use of equipment is provided to all employees, licensed or
unlicensed, in accordance with 32 llinoisAdministrative Code 422.70 (e).

For eachindividual, ORGANIZATION NAM E maintainsevidence of all training for the duration of employment,
and for five years past the end of employment.

1. PROCUREMENT OF ITEMSAND SERVICES

Toensurethat ORGANIZATION NAM E radon servicesarereliable, purchases of equipment and
servicesfrom suppliersis planned and controlled. When equipment is ordered, awritten description of
theitem or servicesbeing purchased isincluded along with the associated technical and quality
specifications of the purchase. A list of approved equipment or servicesisprovided with thisQAP
description.

V. CONTROL OF DOCUMENTSAND RECORDS

All documentsand recordsrelated to ORGANIZATION NAM E radon activitiesare carefully controlled. Alist
of quality proceduresis provided with this QAP. Procedures, programs, forms, and other documentsrelated to
radon activitiesare uniquely identified by document title, revision number, and revision date. Revisionsare
reviewed and approved in accordance with PROCEDURE NAME AND NUM BER and undergo the same
approval process as hew documents. Outdated documents are replaced and withdrawn from service.
Documentsare stored to ensure avail ability and are protected from fire, vermin, water, soiling, and
deterioration. All documentsrequired by 32 I11. Adm. Code 422 in accordance with Section 422.70 (L) are
maintained at INSERT ADDRESS.

Noteto applicants: I nclude complete copies of pertinent standard operating procedures (SOP’s) with your
QAP submittals. Ensurethat all forms, graphs, and other example documents are included in these
procedures. See the commitment element X. STANDARD OPERATING PROCEDURES. Also be
awar ethat to provide measurement or mitigation for School and Commercial M easur ementsyou
must outlinethese serviceswith standard operating procedures.

Also, your Worker Protection Program must be either: (1) aprocedure for protecting worker health and
safety, OR (2) a separate document with worker protection procedures. Whichever option you choose,
theworker protection documents are also controlled in accordance to your commitmentsin this section.

With either option, be sure that your worker protection activities comply with the requirementsin
the 32 I1l. Adm. Code 422 and those descriptions of your worker protection activities are
included in your license application package. Failureto provide acomplete application package
will delay review of your license application.
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V. COMPUTER HARDWARE AND SOFTWARE

Any computer hardware or software devel oped specifically for useinthe ORGANIZATION NAME radon
program isdocumented, including whereit isacquired and how it isinstalled, tested, used, maintained, modified
and controlled. Changesto hardware and software are tested and documented.

Spreadsheets used for radon cal cul ations such asworker exposure to radon, are tested quarterly, at least, to
ensure that the equations are not corrupted.

VI. PROGRAMING

ORGANIZATION NAM E recognizesthat abusiness needsto attain and maintain adesired, or required, level
of quality of services. Consistent fulfillment of thisneed isrelated to the programmed and efficient use of
technology, personnel, and materials. Programming provides an opportunity for ORGANIZATION NAME to
ensure that functions are consistent with and fulfill specified requirements of the RILA, 32 11I. Adm. Code 422,
and this QAP and its Standard Operating Procedures. Elements of the QAP presented here serve asthe basic
structurefor ORGANIZATION NAM E published quality commitments. ORGANIZATION NAME
implements the elements of this QAP in accordance with its Standard Operating Proceduresfor each element
and other key activities.

VII. CALIBRATION

ORGANIZATION NAM E controlsthe use of instruments and testing equipment. Devicesare calibrated at
least every 12 months so that their accuracy is maintained within required limits. ORGANIZATION NAME
ensuresthat itsinstruments are calibrated prior to their first use after purchase. Further, ORGANIZATION
NAM E ensuresthat each instrument is calibrated prior to itsfirst use after it has been repaired. Documentation
of calibrationismaintained asaquality record.

NOTE TOAPPLICANTS: Calibration of instruments and equi pment appliesto both measurement and
mitigation licenses. Specific guidancefor individual radon measurement devicesisoutlinedin 32 111. Adm.
Code 422.140.

VIII. SUGGESTIONSAND COMPLAINTS

ORGANIZATION NAM E accepts, assesses, and responds to suggestions and compl aints from customers,
regulatory agencies, and othersin accordance with PROCEDURE NAME AND NUMBER. Thisprocedure
includes documenting the suggestion or complaint, assessing it, determining how alternative resolutions may be
applied and carrying out aresponse.

For disputesregarding radon activities, where resol ution cannot otherwise be achieved, ORGANIZATION
NAM E refersthe complaint and complainant to the llinois Emergency Management Agency, Division of
Nuclear Safety (DNS) and abides by the DN S resol ution decision.

NOTE TOAPPLICANTS: Thisprocedure should be included with your QAP submittal.
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IX. CORRECTIVEACTIONS

ORGANIZATION NAME describesin PROCEDURE NAME AND REVISION NUMBER how corrective
actions—whether they originatein aperiodic review, an annual review, or from suggestions or complaints—are
determined and implemented. This procedure details how aproposed remedy isimplemented and how
effectiveness of theremedy isevaluated or verified. Alsoincluded inthe procedureisour processfor assessing
the impact that the corrective action has on other aspects of the ORGANIZATION NAME program. The
ORGANIZATION NAM E corrective action program assures the prompt incorporation of the proposed
remedy and the verification of itseffectiveness, including:

a) Theresponsibility and authority for instituting corrective action isdefined. Coordination,
recording, and monitoring of corrective action related to all quality related aspects of the
organization are assigned.

b) Significanceof aproblem affecting quality isevaluated in terms of its potential impact on such
aspects astesting, and public health and safety.

¢) Therelationship between cause and effect isdetermined, with all potential causes considered.
Important variabl es affecting the capability of the processto meet required standards areidentified.

d) Intheanalysisof aquality-related problem, theroot cause isdetermined beforethe preventive
measures are programmed. Often theroot causeisnot obvious, thus, requiring careful analysisof all
related processes, methods, quality records, staff, and work force input, and technical complaints.

€) Inorderto prevent recurrence of aquality related problem, preventive action isinitiated to adegree
appropriate to the magnitude of the potential problems.

f)  Sufficient control of methodsand proceduresisimplemented to prevent recurrence of quality
related problems. When the preventive measures areimplemented, their effect ismonitored
in order to ensure that desired goals are met.

g Permanent changesresulting from corrective or preventive actionisrecorded inthe QAP orin
revised Standard Operating Procedure(s) pertinent to detection and elimination of potential problems.

NOTE TOAPPLICANTS: This procedure should be included with your QAP submittal.

X. STANDARD OPERATING PROCEDURES

All relevant aspects of the ORGANIZATION NAM E radon activities are described in written,
standardized procedures. Standard Operating Procedures are devel oped in accordance with
PROCEDURE NAMEAND REVISION NUMBER that stipulates necessary procedures, the
development process, procedure format, procedure initiation, and how staff istrained in approved
procedure uses. Also beawarethat to provide measurement or mitigation for School and
Commer cial M easur ements, you must outlinethese serviceswith standar d oper ating pr ocedur es.
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APPENDICES

Include pertinent information such as definitions, acronyms, illustrations, standard forms, tables,
charts, etc in numbered appendices. Be surethat referencesto these appendicesinthe QAP are
correct.

Check theglossary of 32 IllinoisAdministrative Code 422, Licensing of Radon Measurement and
Mitigation Servicesfor definitionsand acronyms.

Be sureto include separate Standard Operating Procedures (SOP’s) as described in the commitment

sections above formatted in accordance with Appendix B of the Radon Quality Assurance Program
Guidance document.

REFERENCE DOCUMENTS

Thefollowing documents are sources of additional quality assurance information and are
recommended reading for all applicants.

“Radon Industry LicensingAct,” Act 420 ILCS 44
32 lllincisAdministrative Code 422, “Licensing of Radon Detection and Mitigation Services’.

ANSI/ASQC E4-1994, “ Specificationsand Guidelinesfor Quality Systemsfor Environmental Data
Collection and Environmental Technology Programs.”

USEPA, “Interim Guidelines and Specificationsfor Preparing Quality Assurance Project Plans
(QAMS-005/80), December 29, 1980.
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