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FOREWORD

This paper has been preparedfor presentationat the U.S Departmentof

Energy (DOE) RadiationProtectionWorkshopto be held in Las Vegas, Nevada,

durirlgApril 1993. One objectiveof the workshop is to providea technical

forum for the exchangeof informationrelatedto radiationprotection

programs. A variety of radiationprotectionissues are includedin the agenda

for this meeting. This paper proposeschar_gesin DOE N 5480.6Radiological

Control (RadCon)Manual requirements,which requireminimizingthe assignment

of personneldosimeters,as well as changesin Article 514's requirementsfor

a comprehensivearea dosimetryprogram. The proposedchangesare 1) for an

overallassessmentof programdosimetrycapabilitiesto meet recommendations

of NationalCouncilon RadiationProtectionand Measurements(NCRP)Report

No. 114 ("MaintainingRadiationProtectionRecords")and 2) to ensure

programmaticavailabilityof evidentiaryinformationthat document.,;the

determinationof radiationdose to employeesor visitors in the work

environment. The paper concludesthat, frequently,assignmentof personnel

dosimetersto individualsprovidesthe most cost-effectivealternativeto meet

overall programcommitments.
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PERSONNELDOSEASSIGNMENTPRACTICES

Jack J. Fix

Pacific Northwest Laboratory

Richland, Washington 99352

ABSTRACT

Implementation of DOE N 5480.6 Radiological Control Manual Article 511(3) requirements, to

minimize the assignment of personnel dosimeters, should be done only under a broader context

ensuring that capabilities are in place to monitor and record personnel exposure both for

compliance and for potential litigation. As noted in NCRP Report No. 114, personnel

dosimetry programs are conducted to meet four major objectives:

• radiation safety program control and evaluation

• regulatory compliance

• epidemiological research

. • litigation.

A change to Article 511(3) is proposed that would require that minimizing the assignment of

personnel dosimeters take place only following full evaluation of overall capabilities (e.g.,

access control, area dosimetry, etc.) to meet the NCRP objectives.

i

"I 1.0 INTRODUCTION
I

!
I Selected recommendations, taken individually, of the DOE N 5480.6

iI RadiologicalControl (RadCon)Manual appear to conflictwith policiesadopted
I historicallytomonitor radiationexposure. SeveralDOE sites (i.e.,Hanford,

ii Idaho National EngineeringLaboratory,Oak Ridge NationalLaboratory,Savannah
_ River Site, etc.) have numerousfacilities,burialgrounds,etc., where it is

I not feasibleto maintaincontrolledaccess. Historically,dosimetersare
routinelyassigned to personnelor visitorswho have the potentialto enter

# one or more of these areas. This approachhas many advantages,as illustrated

I; under the Case Historiessection. At Hanford,an ad hoc committeewas formed

4 to review the assignmentof dosimetersin preparingprocurementspecifications
11

(I for a commercialdosimetrysystem. This reviewwas completedin January 1990,
i

prior to publicationof the RadConManual. This committeerecommended

II
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continuedindividualassignmentof dosimeters,where some exposurepotential

exists,as the most effectiveand least costly alternative. Substantially

greatercosts would be incurredwith any other alternativeand, importantly,

likelywould not provideassurancethat all programcommitmentsare being met.

Other alternativesconsidered,such as relyingon areadosimetryand positive

access control,would not achieverecognizedradiationmonitoringobjectives,

such as those identifiedin ReportNumber 114 of the NationalCouncilon

RadiationProtectionand Measurements(NCRP 1992). In particular,there was

substantialconcernregardingthe abilityto assure others,such as the state

boards of industrialinsuranceappeals,that followingestablishedwork

procedureswould measure all significantpersonnelexposures.

2.0 COST-BENEFITOPTIMIZATION

Personneldosimetryprogramsare establishedfor all major DOE

facilities.These systemstypicallyincludehighly automatedreadersystems,

computerizeddata storageand retrieval,and many thousandsof dosimeters.

Often, the dosimetrysystem is used for site-widewhole-body,extremity,area,

nuclear accident,and environmentaldosimetrypurposes. For personnelwhole-

body dosimeters,the dosimetryprogrammust meet the requirementsof the DOE

5480.15 LaboratoryAccreditationProgram(DOELAP)(DOE 1989). Primarycosts

are attributableto the staff and equipmentnecessaryto providea DOELAP-

accreditedprogramwith the capabilityto achievecompliancewith applicable

DOE dosimetry,qualityassurance,and record requirements. Secondarycosts

result from the number of dosimetersprocessed.

A cost-optimizationreview shouldbe conductedof all programdosimetry

commitments(i.e.,personnel,area, extremity,nuclearaccident,etc.);

regulatorycompliance;record retentionand retrievability;litigation

support;etc. to arrive at the best overallpolicy. In particular,program

requirementsfor an effectivearea dosimetryprogramshould be specifiedto

ensure that reductionsin personneldosimeterassignmentscan be reasonably

effected. Often, an equivalentarea dosimetrycapability,which, at a

minimum,requires the capabilityto assigndose based on dosimeterrecordsand

staff occupancy,will cost substantiallymore than assigninga personnel
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dosimeterto each individual. In addition,there are often technical

inadequaciesin assigninga dose to an individualbased on dosimetryrecords.

This approachcan be used in only the most simple of work and exposure

environments.

3.0 EXISTINGAND PROPOSEDRADCON REQUIREMENTS

There are two sectionsof the RadConmanual that appear to cause the

most difficultyregardingthis issue. These sections,along with recommended

changes, follow:

Chapter 5, Article511,.Paqe5-3_ Item 3

ExistingWording:

3. To minimizethe number of personnelin the dosimetryprogram,
the issuanceof dosimetersis discouragedto other than
personnelentering RadiationAreas, High RadiationAreas, or
RadiologicalBufferAreas where there is a potentialfor
externalexposure. Althoughissuingdosimetersto personnel
who are not occupationallyexposedto radiationcan appear as
a conservativepractice,it createsthe impressionthat the
wearers are occupationallyexposedto radiation.

ProposedWording:

3. An evaluationof personnelto be issueddosimeterssha'llbe
conductedto determineconsistencywith dose control,area
dosimetry,ALARA, and personnel-monitoringpractices.
Optimizationof overalldosimeter-processingrequirementsfor
personneland area dosimetryis encouraged. Minimizingthe
number of personneldosimetersis encouragedwhere it can be
demonstratedthat there is no potentialto receive
occupationalradiationexposure.

Chapter 5_ Article 514, Paqe 5-6

ExistingWording"

Establishmentand maintenanceof a comprehensivearea monitoring
programminimize the number of areas requiringthe issuanceof
personneldosimetersand demonstratethat doses outsideRadio-
logicalBuffer Areas are negligible. Minimizingthe number of
personneldosimetersissuedsaves in the costs of operatingthe
dosimetryprogramand reducescosts associatedwith maintaining
personnelwith enhancedtrainingand qualifications.

!



I. Area monitoringdosimetersshall be used to record and
documentradiationlevels in routinelyoccupiedareas adjacent
to areas where radiationor operationswith radiationexist.

2. Area monitoringdosimeterresultsshouldbe used to support
dosimetryinvestigationswhere personnelexpressconcerns
about their work environmentsand exposureto ionizing
radiation.

3. Area monitoringdosimetersshould be used in ControlledAreas
to supplementexistingmonitoringprogramsand to providedata
in the event of an emergency.

ProposedWording:

Establishingand maintaininga comprehensivearea monitoringprogram
should be consideredas a means to minimizethe number of areas
requiringthe issuanceof personneldosimetersand to demonstratethat
doses outsideRadiologicalBufferAreas are negligible.

I. Same as existingwording.

2. Same as existingwording.

3. Area monitoringdosimeters_ be used ....

When area dosimetersare used to providethe primaryrecord of
radiationexposureto personnel,record requirementsof Chapter7.0
shall be met to ensure availabilityof informationnecessaryto
demonstratecompliancewith DOE requirementsor for the purposeof
litigation.

• 4.0 CASE HISTORIES

i
Over the years, there have been many cases in which the value of

individuallyassigneddosimetershas been evident. Four examples are

summarizedin this section. In readingthese examples,considerwhat could

have happened if personneldosimeterdata were not available.

• Several constructionpersonnelwere disposingof "non-contaminated"
waste. After severaldays, it was learnedthat the waste was
actuallycontaminatedwith 137Cs, which resultedin monitoring
surveysof cars, homes, recreationalfacilities,etc. All of the

i invoJvedpersonnelwore personneldosimetersthat showed no
detectableradiationexposure. This case was widely reported in
the media. The resultsof the dosimetersalong with the resultsof
the surveyswere presentedto the media to illustratethat no
significantexposureoccurredto personneland, by inference,to
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anyone else (i.e.,it was reasonableto expect maximumexposureto
contaminatedpersonnel).

• Two visitorsdrivinga rentalcar accidentallydrove the car into a
ditch on a major DOE site. The visitorswere able to push the car
out of the ditch and resumetheir travels. Later it was learned
that the visitorshad becomecontaminated. This required
monitoringsurveysof the car, the personnel,etc. Both of these
individualswore dosimeters,which showed no detectableradiation
exposure.

• In a mixed contractoroccupiedfacility,the dosimeterworn by a
secretary,with no anticipatedpotentialfor radiationexposure,
routinelyrecordedlow-levelneutronexposure. Upon examination,
it was learnedthat a sealedneutron sourcewas being used by the
other contractorin an adjacentlaboratory. This situationwas
quicklydetectedand resolvedthough assignmentof personnel
dosimetersto each individualwith a potentialfor exposure.

• In a state industrialcompensationhearing,a widow, with expert
testimonyfrom an oncologist,stated that radiationexposureto her
husbandduring his employmentat a DOE facilitycaused his fatal
cancer. The facilitywas widely reportedto be one of the most
contaminatedplaces on earth and, most recently,the risk of cancer
from radiationexposurewas estimatedto be at least a factorof 4
greater than previouslythought. The person faithfullyworked at
this facilitythroughouthis 20-plus-yearwork career, lt was
stated that this personwas undoubtedextremelysensitiveto the
harmfuleffectsof radiation. The widow relatedseveralof her
husband'sstoriesof poor worker protection,contamination
everywhere,unmonitoredexposuresto radionuclidessuch as tritium,
and, in particular,an unreportedaccidentwhen her husbandsaw a
blue flash. Basically,the claim was made that any amount of
occupationalexposurecould have causedthe fatal cancer,and there
are likelymany situationsof unmonitoredexposure. Fortunately,
the facility had dosimeterresultsfor all periodsof employment,
along with training forms,which includedemployeeresponsibilities
for wearingdosimeters,signed by the employee. Experttestimony
_as providedabout the sensitivityof the dosimeterto all probable
sources of exposure. A lifetimeradiationdose profilewas
presented,based on the historyof personneldosimeterresults,
which showedmeasured occupationaldose was a relativelysmall
fraction of the lifetimedose receivedfrom naturallyoccurring
radiationand averagemedicalexposure.

In each of the foregoingcases, it would be very difficultto providecredible

informationwithout the individuallyassignedpersonneldosimeters. In fact,

assignmentof dosimetersis often based on a policy of ensuringthat personnel

dose is measured in the event of an accidentor, typically,of any unforeseen

events. In litigationcases, frequentlythe actual occupationaldose received
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is a small fractionof regulatorylimits and, perhaps,even of exposure

receivedfrom naturalb_ckgroundradiation. Importantly,the court can

readilyunderstanddose measuredwith individuallyassignedpersonnel

dosimeters•

5.0 SUPPORTINGINFORMAT!ON

The NCRP Report Number 114 (NCRP 1992) identifiesfour major potential

uses of personneldosimetryas follows:

• radiationsafety programcontroland evaluation

• regulatorycompliance

• epidemiologicalresearch

• litigation.

Historically,DOE and its predecessoragency contractorsassigneddosimeters

to essentiallyall personnelwith some potentialfor radiationexposure.

Relativelycompleteexposurehistoryrecordsresultedfrom this practice.

These recordshave been used successfullyduring litigation,particularly

during state Workmen'sCompensationhearings,and are the cornerstoneof DOE

epidemiologicradiationexposurestudies. Recently,the DOE RadCon Manual

(DOE 1992) introducedrecommendationsthat, taken individually,imply that

assignmentof dosimetersto personnelshould be minimized(cf. Article511,

requirement3).

RadCon recommendationsshouldbe used in an integratedmanner that

assurescontinuity of a comprehensivepersonnel-monitoringprogram. An

effectivepersonnel-monitoringprogramshould includeselectedelementsof the

following (RadConreferencesin parentheses):

• Positiveaccess controlthat tracks personnelor visitorentry into
areas with a potentialfor radiationexposure (Chapter3, Part 3)

• A comprehensivearea dosimetryprogramthat documentsthe potential
for exposurewithin or adjacentto radiationareas (Article514)

• A DOELAP-accreditedexternaldosimetryprogramthat monitors
radiationexposure to individualemployeesor visitors
(Article512)
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• A comprehensiveinternaldosimetryprogramfor monitoringpotential
employeeexposure(Article521)

• Determinationof annual effectivedose equivalentand lifetime
occupationalradiationexposurefrom all sourcesof occupational
exposure (Chapter2, Part I)

• Retrievablerecordsthat relatepersonneland the potentiallevel
of radiationexposure (Article722) - These recordsmust be
suitablefor use in litigationor in epidemiologicstudies.

• Documentationof the methodologyadoptedto providea comprehensive
personneldosimetryprogram- Protocolfor dosimeteruse and
assignment,as well as dose determination,should be describedin
the ExternalDosimetryTechnicalBasis Manual requiredby the DOE
Radcon Manual (Article512). Practicesadoptedfor routine
radioassaymonitoringand dose assessmentshould be describedin
the InternalDosimetryTechnicalBasis Manual (Article522).

6.0 CONCLUSION

DOE contractorsshould adopt conservativepracticesto demonstrateDOE's

concern for assuredsafetyof workers. A cost-benefitanalysisof alter-

natives for assigningdose to personnelshouldbe conductedprior to any

reductionin the assignmentof dosimetersto individuals. The analysisshould

focus on the need for evidentiaryinformationthat documentsthe determination

of radiationdose to employeesor visitorsin the work environment.

Frequently, the assignmentof personneldosimetersto individualsprovides

the most cost-effectivealternative,particularlyfor DOE sites with numerous

facilitieswhere it is not practicableto maintaincontrolledaccess.

Employeeand visitor concernsabout radiationexposure shouldbe anticipated.

Emphasison evidentiaryaspectsof the personneldosimetryprogramis

importantboth in th_ event of litigationand to ensurethe capabilityto

demonstratecompliancewith applicableregulations. These needs may arise

many years after the actual,or alleged,exposureoccurred• RadCon and DOE

1324.2A(DOE 1988) require exposure_ecordsto be maintainedfor 75 years.

NCRP Report No. 114 recommendsmaintainingretrievablerecordsof employee

exposurefor 75 years after the first exposure• If the status of an

individualis unknown,the NCRP reportrecommendsmaintainingexposurerecords

for 100 years from birth•
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