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Various Hanfordsitewideradiationprotectionservicesprovidedby the Pacific
NorthwestLaboratoryfor the U.S. Departmentof Energy,RichlandFieldOfficeand Hanford
contractorsare describedinthis annualreport for calendaryear 199'1. These activities
includeinternaldosimetrymeasurementsand evaluations,in vivo measurements,external
dosimetrymeasurementsand evaluations,instrumentcalibrationand evaluation,radiation
sourcecalibration,and radiologicalrecordskeeping. For each of these actMties,the routine
program,programchangesand enhancements_associatedtasks, investigationsand studies,
and related publications,presentations,and otherstaffprofessionalactivitiesare discussed
as applicable.
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SUMMARY

This reportdocumentsthe performanceof certainradiologicalprotectionsitewide
servicesduringcalendaryear (CY) 1991 by the PacificNorthwestLaboratory,,_upportingthe
U.S. Departmentof Energy (DOE), RichlandField Office (RL)and contractoractivitieson the
HanfordSite. The routine programfor each service is discussedalongwith any significant
programchangesand tasks, investigations,and studiesperformedin supportof each
program. Other relatedactivitiessuchas publications,presentations,and membershipson
standardsor Industrycommitteesare also discussed. The programscoveredprovide
servicesinthe areas of 1) internaldosimetry,2) in vivo measurements,3) externaldosimetry,
4) instrumentcalibrationand evaluation,5) calibrationof radiationsourcestraceableto the
National Instituteof Standardsand Technology,and 6) radiologicalrecords.

The Hanford InternalDosimetryProgramprovidesbioassaymonitoringand associated
evaluationand documentationof assessmentsof internalexposureand dose to Hanford
personneland HanfordSite visitors. During1990, the Internal DosimetryProgram performed
20,777 excretaand in vivo bioassaymeasurements.One hundredtwenty-nineassessments
of potentialnew intakesand one reassessmentof prior exposurewere performed. Over 98%
of the measurementswere classifiedas routine,1% were due to intakefollow-up,and 1%
were classifiedas special purposemeasurements.Duringthe year, the interimexcreta
bioassayprogramcontinued,which had started in 1990 withthe terminationof the U.S.
TestingCompany contract. A new long-termanalyticalcontractwas awardedin Octoberto
InternationalTechnologyAnalyticalServices. In additionto the manychangesrequiredby the
interimprogramand integrationof the analyticallaboratory,tasks includedadoptionof the
Code for InternalDosimetry(CINDY)as an additionalteel for bioassayanalysisand internal
dose calculations,a revisionto the TechnicalBasisfor InternalDosimetryat Hanford, and
developmentof a method for identifyingworkersperformingenvironmentalrestorationand
remediationworkwho should be includedin the bioassay program.

The Hanford in Vivo MeasurementProgram is an integralpart of personneldosimetryat
Hanfordand providesfor the detectionof radioactivitymaterialsdepositedin Hanford Site
emplo_,_eesandvisitors. 'Theprogramprovideda total of 13,909 measurementsduring CY
1991. Changesto facilitiesand equipmentincludedadditionof a secondworkstationas a
backup, Improvedmeasurementsof chest-wallthickness,installationof oxygenmonitoring
systemsin the countingcells with automaticfill liquidnitrogensystems,and startup and
operationof the remote in vivocountingsystemin the 200-EastArea. Specialstudies and
other changesincorporatedinto the programincludedspecial chestcountingstudies;
evaluationof nuclide library and peak search routines;an aggressiveonsitemaintenance
programto improvethe reliabilityof planargermaniumdetectors;and dev_!oprnentof a
schedulingandtrackingsystem,a database,and administrativeproceduresfor the phantom
libra_'y.
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The Hanford ExternalDosimetryProgramsuccessfullymet ali external program reviews
during 1991. Reporteddoses for blindaudit dosimetersprovidedmonthlyby Westinghouse
Hanford Company(WHC) along with theirpersonneldosimetersmet ali establishedcriteria.
ThP_programparticipatedinformal DOE LaboratoryAccreditationProgram(DOELAP)
dosimeterperformancetestingduring 1991. Reportedresultsfor Hanford basic,beta/photon,
and multipurposedosimetersmet DOELAPcriteriain ali tested categories. During 1991,
approximately200,000 dosimeterswere processed. Dose-of-recordinformationwas reported
to the RadiologicalRecordsProgramfor 87,044 personneldosimeters. Technicalevaluations
were conductedof 1) comparisonof reported dose between 1989 and 1991 DOEI,APtested
algorithms,2) analysisof lower level of detection,3) fieldmeasurementsof dosimeter
responseto plutoniummetal,hexafluoride,plutoniumoxide, and californiumneutron sources,
4) personnelmeasurementsusing Hanfordcombinationalbedo and track-etchdosimeters,
5) glow curveanalysiscapabilities,6) performancetestingautomated readersystemsto 500
rad, and 7) investigationof the ultravioletresponseof Hanfordmultipurposedosimeters.

The InstrumentCalibrationand EvaluationProgramprovidescompleteand reliable
radiationprotectioninstrumentservicesfor HanfordSite contractorsto ensure personnel
safety inthe Hanfordworkplace. Specifictasksperformed underthis programduring1991
includedthe conductof the routineinstrumentpool, the Hanford InstrumentEvaluation
Program,the calibrationof WHC 200-Area alpha constantair monitors,and the testing and
evaluationof a new generationof alpha continuousair monitors. Tasks performedduringthe
year that supportedthe routineprogramincludedthe design and fabricationof multi-range
performancetestsource holdersfor beta and alphasurveyinstruments. Duringthe last part
of the year, analyticalequipmentwas acquiredand procedureswrittento support an
instrumentcheck sourceand calibrationsourceverificationplan,which was initiatedin CY
1992.

The RadiationStandards and CalibrationProjectmaintainsradiologicalcalibration
standards,specialinstrument,and dosimeterresponse-characterizingequipmentand
calibrationdata-handlingequipmentat Hanford. The projectis divided intotwo major
functions: 1) maintenanceof calibrationstandardsand capabilities,and 2) maintenanceof
the instrumentcalibrationand repairdata managementsystem. Improvementsto the project
during 1991 includedconstructionof a deuteriatedwater (Di0) deliverysystemfor the 252Cf
neutronsources,and data storagemedia upgradeswithinthe calibrationdata management
system. Investigativestudiesand correctiveaction planswere made regardingelevated
neutron backgroundlevelsin controlroomareasand nearby x-ray calibrationfacilities.

The Hanford RadiologicalRecordsProgrampreservesand administersali recordsof
personnel radiologicalexposure and Hanfordhistoricalradiationprotect,ion and radiological
dosimetrypracticessince the inceptionof Hanford inthe early1940s. During1991, the
RadiologicalRecordsProgramoperated the OccupationalRadiationExposuresystemand the
HanfordRadiationProtectionHistoricalFilesin supportof the RL and Hanfordcontractor
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radiologicalprotectionand dosimetryprograms. The programproducedreportsfor DOE (RL
and Headquarters),HanfordSite contractors,and individuals,and assistedin epidemiological
and historicalresearch. Developmentof the RadiationExposuresystem(REX) continued
duringthe year. The developmentprojectcompletedthe preliminarydesign phase, including
the alternativesanalysisthat selectedthe hardwareand software. The projectthen moved
into the detaileddesign and constructionphase,whichcontinuedfor the remainderof the
year. ltwas also decidedto incorporatea laseropticaldisk subsystemintothe RFX
development. The onlysignificantchangeto the programwas the additionof a periodic
downloadof activeemployeeexposuredata to the HanfordEnvironmentalHealth Foundation
for use by their physicians.
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ACRONYMS

ACL PNLAnalyticalChemistryLaboratory
ANSi AmericanNationalStandardsInstitute

BCSR BoeingComputerServices-Richland

CAM continuousair monito=
CAR computer-assistedretrieval
CINDY Code for internalDosimetry
CP cutiepie
CY calendaryear

DEC DigitalEquipmentCorporation
DOE U.S. Departmentof Energy
DOELAP DOE LaboratoryAccreditationProgram
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GM Geiger-Mueller

HDPE high densitypolyethylene ,
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HIEC Hanford InstrumentEvaluationCommittee
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IDP Hanford InternalDosimetryProgram
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IVRRF InVivo RadioassayResearchFacility

KEH KaiserEngineersHanfordCompany

LANL LosAlamos NationalLaboratory
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NIST National Instituteof StandardsandTechnology

ORE OccupationalRadiationExposuresystem
ORNL Oak RidgeNationalLaboratory

PAM portablealpha monitor
PC personalcomputer
PNL PacificNorthwestLaboratory

QA qualityassurance
QC quality control
QUS quickuraniumsoluble

RDBMS relationaldatabase managementsystem
REECo ReynoldsElectricand EngineeringCompany
RESL DOE Radiologicaland EnvironmentalSciencesLaboratory
REX RadiationExposuresystem
RL DOE RichlandField Office
RS&C RadiationStandards and CalibrationsProject

SDD softwaredesigndocument
SOW statementof work

TEPC tissueequivalentproportionalcounter
TLD thermoluminescentdosimeter
TMA TMA Corporation(TMA/Norcal)
TRU transuranicradionuclides
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UST U.S. Testing, Inc.
UV ultraviolet

WHC WestinghouseHanfordCompany
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1.0 INTRODUCTION

This annual reportdocumentsthe calendar year (CY) 1991 activitiesof certainradiation
protectionsitewideservicesoperatedby PacificNorthwestLaboratory(PNL)(`) t'orthe U.S.
Departmentof Energy (DOE), RichlandField Office(RL)and the Hanfordcontrac._ors.The
programscovered provideservicesin the areas of 1) Internaldosimetry,2) invivo

• measurements,3) externaldosimetry,4) Instrumentcalibrationand evaluation,5) calibration
of radiationsourcestraceableto the NationalInstituteof Scienceand Technology(NIST), and

. 6) radiologicalrecords. Aliof these servicesfall witl_inthe purviewof PNL'sHealthPhysics
Department.

While some of the programsdiscussedin this reportare involvedin activitiesfundedby
othersources,only those activitiesfunded by RL, DOE Headquarters(HQ), and the Hanford

; contractorsare addressedhere. it shouldbe noted that the servicesprovidedfor non-RL
! activitiesare performed only to the extentthat they do not adverselyaffect servicesto DOE
S and its contractors;however,theseservicesprovide funds that support the overall program

and reduce the coststo DOE and the Hanford contractors(BoeingComputerServices-
i Richland [BCSR], the HanfordEnvironmentalHealth Foundation[HEHF], KaiserEngineers
_: HanfordCompany [KEH], PNL, and WestinghouseHanfordComp=_,y[WHC]).

Each Hanfordprogramlistedabove is presentedi,,1a separate sectionof the report.
Each majorsection discussesthe routineprogram,includingany significantchangesand
improvements;investigations,studies,and tasks performedin support of the routineprogram;
and other program-relatedactivitiessuchas publications,presentations,professional
memberships,and externalprofessionalactivities,if applicable. Figure1.1 is an
organizationalchart showingthe PNL and DOE managementstructureand communication
interfacesfor each PNL.operatedprogramand the DOE Safety and EnvironmentalDivision,
which is responsiblefor PNL'sservicesin thisarea.

(a) Pacific NorthwestLaboratoryis operated by BattelleMemorialInstitutefor the U.S.
Department of EnergyunderContract DE-ACO6-76RLO1830.

1.1
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2.0 HANFORD INTERNALDOSIMETRYPROGRAM

The HanfordInternalDosimetryProgram (IDP)was initiatedin late 1944 to providefor
the assessmentand documentationof occupationaldoses from Intakesof radionuclidesat
Hanford. The IDP supportsHanfordradiationprotectionprograms,as requiredby DOE Order
5480.11 (DOE 1988a) andthe Hanford SiteServicesHandbook(RL 1991). The program
providesthe followinginternaldosimetryservices:

• administrationof a routinebioassaymonitoringprogram

• investigationand assessmentof potentialinternalexposures

• monitoringperformanceof the excretabioassaylaboratories

• selectionand applicationof models,procedures,and practicesfor evaluatinginternal
exposures

• technicalsupportto RL and HanfordSite contractors.

In addition,the programprovidesa 24-hoursinglepointof contactfor technicalsupport for
radiologicalor hazardouschemicalincidentsat Hanfordand in the DOE Region8 area.

In 1991, the excretabioassayprogramcontinuedto use interimlaboratories.The
procurementof a new laboratoryto do ali excretabioassayundera long-termcontractwas
completed,the contractwas established,and work began at the new laboratoryduringthe
last quarterof 1991.

2.1 EXCRETABIOASSAYPROGRAM

Bioassay monitoring is performed regularly for workers who might inhale, ingest, or
absorb radionuclides into their bodies in the course of their jobs. Because of contirlued use
of an interim Excreta BioassayProgram plus startup of a new long-term excreta lab, the
Excreta Bioassay Program is discussed separately in this year's report. Some aspects of in

" vivo monitoringare discussedunder "RoutineInternalDosimetryProgram"(Section2.2) and
ful_herdetailsare provided in Section3.0, "Hanford In Vivo MeasurementProgram."

t

2.1.1 Interim Proaram

The interimExcretaBioassayProgram,whichstarted in the summerof 1990 (see Lyon
et al. 1991, pp. 2.1-2.12), continuedthrough 1991.
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Activitiesof the InterimAnalyticalLaboratories

At the beginn!ngof 1991, ali analyticalbioassayservicespreviouslyofferedby U.S.
Testing (us'r) were being providedby interimlaboratories,with the exceptionof those
providedunder the contractwith InternationalTechnologyAnalyticalSe_ices (WAS),which
did not begin untilFebruary. LosAlamosNationalLaboratory(LANL),LosAlamos, New
Mexicoprovided urinesampleanalysisIor plutonium;TMA Corporation,Richmond,California
(TMAJNorcal)providedurinalysisfor radiostrontium;PNL'sAnalyticalChemistryLaboratory
(ACL)analyzed urinesamplesfor tritiumand providedemergency bioassayanalyses;and
WHC's 222-S Laboratoryanalyzed urinesamplesfrom UO3 Plantworkersfor uranium. ITAS
commencedanalysisof fecal samplesfor plutoniumand urinesamplesfor isotopicuranium,
americium,and uraniummasson February 1. Due to conflictinginternalcommitments,LANL.
stopped acceptingadditionalroutinesamplesin April,and was replaced by Oak Ridge
National Laboratory(ORNL) in Oak Ridge,Tennessee, and ReynoldsElectricand Engineering
Company (REECo) in Mercury,Nevada. Bioassaykit handlingserviceswere providedby U.S.
DosimetryTechnology(USDT). Detectionlevelsforemergencyand expeditedanalysesare
shownin Table 2.1; contractualdetectionlevelsand screeninglevelsfor routineanalysesare
shownin Table 2.2 for the interimcontracts.

Before submittingthe firstworker samplefor analysisby the interimlaboratories,PNL
assessedeach laboratory'sabilityto meet the performancecriteriaof the statementof work
(SOW)by a pre-performancequalityassuranceauditand submissionof performance
evaluationsamples. No sampleswere submitteduntilthe laboratorycould meet the
performanceand quality assurancerequirementsof the SOW.

Proceduresusedby interimlaboratoriesoften variedfromthose previouslyused by
UST and among the laboratoriesthemselves. Elementaluraniumanalysisby 222-S and ITAS
was performedwith laserphosphorimetry;222-S performedminimalsample digestion,while
ITASincludedan ion exchangecleanupstep. Radiostrontiumanalysisby TMA involved
chemicalseparationand measurementof the yttriumdaughter,ratherthan separationof the
pre-existingyttriumand beta countingof the pure strontiumplus freshly ingrownyttrium.
Uraniumand strontiuminterimproceduresinvolvedanalysisof only a portion of the total
sample. Alithree interimlaboratoriesanalyzingplutonium(LANL,ORNL, REECo)used limited
wet acidic digestion,culminatedby standardcounttimesof nominally1000 minutes. By
contrast,both UST and ITASpermanentcontractproceduresinvolvedacidicdigestionand
ashing,and routinelyused2500-minutecounts.
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TABLE2.1. Emergencyand ExpeditedBioassayAnalysisCapabilityProvided
by the PNLAnalyticalChemistryLaboratoryfor the InterimPeriod

DetectionLevel(per sample)

Analysis Urine Feces

EmergencyAnalyses(=)
• Isotopicplutoniumby alphaspectrometry 2.0 dpm 20 dpm

Isotopicuraniumby alphaspectrometry 2.0 dpm 20 dpm
241Amby alpha spectrometry 2.0 dpm 20 dpm

• Total radiostrontium 200 dpm 2000 dpm
Elementaluranium 20 /_g 20 /_g

ExpeditedAnalyses(b)
Isotopicplutoniumby alphaspectrometry 0.4 dpm 4 dpm
Isotopicuraniumby alphaspectrometry 0.4 dpm 4 dpm
241Amby alpha spectrometry 0.4 dpm 4 dpm
Total radiostrontium 40 dpm 400 dpm
Elementaluranium 4 pg 4 pg
Tritium 100 dpm/mL ....

(a) Verbal reportingtime of 10 hoursafter receiptof samplefor plutoniumand strontium
and as soon as possiblefor the others.

(b) Verbal reportingtime was 9:00 a.m. of third day after receiptof sample.

_SampleCollectionand Shipment.

Duringthe first 10 monthsof 1991, the ExcretaBioassayProgramcontinuedto use the
samplekits and storage and shippingmechanismsestablishedin 1990 The typical urinekit
consistedof a pair of 1-Lhigh densitypolyethylene(HDPE) bottlesin a waxed cardboardtote
bearingthe word "Hanfon_l"on two sides. The kit provedacceptablefor samplingand
shipping,althoughthe lidshad to be retaped after freezing if shippedoffsite. Kitdelivery,
retrieval,and shipmentwas contractedto USDT from September1990 through mid-November
1991. Samplesdirectedto local laboratories(222-S, ACL,or ITAS)were deliveredby USDT;
samplesfor out-of-townanalysiswere packagedby USDT and shippeddirectlyto the
laboratoriesvia overnightair expresscarrier. Samplesthat could not be expeditiously
shippedto the correspondingprocessinglaboratorywere storedunder refrigeration(tritium

, samples)or frozen (aliothers).

About 1000 sampleswere backlogged(i.e., in storagebefore shipmentto a laboratory)at
the beginningof CY 1990. After a slightdecrease in early 1991, the backlog increasedto
over 1100 in June and July,due primarilyto the time lag between the loss of availabilityof
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TA__, SpecifiedMinimumDetectableActivitiesand Screening Levelsfor Routine
ExcretaAnalysesDuring1991, InterimContracts

ScreeningLevel
Contractual and Sampl!ng

Laboratory Analysis(=) MDA(b'o) _ Frequency_O,o_

LANL 2"_puor 2"_pu 0,03 dpm 0.015 dpm (A)

TMA/Norcal Radiostrontlum(asg°Sr) 30 dpm 26 dpm (A)

ITAS-RI 241Am 0.03 dpm 0.015 dpm (A)
mU, 2a4U 0.03 dpm 0.15 dpm(A)(e) "
2aSU 0.03 dpm 0.015 dpm(A)
242Cm 0.03 dpm 0.015 dpm (,A)
Elementaluranium 0,2 I_g 0.2 I_g(A)_e_
2=pu in feces 0.2 dpm 2.0 dpm (A)

PNL-ACL Tritium 10 dpm/mL 80 dpm/mL (M)

WHC 222._S Elementaluranium(quick 0.5 I_g 11 I_g(BW)
analysisprocedure[QUS]) or 4 I_g (M)

ORNL 23apuor 2_pu 0.03 dpm 0.015 dpm (A)

REECo 23apu or 239pu 0.03 dpm 0.015 dpm (A)

(a) Analysisof urinesamples unlessotherwiseindicated.
(b) Specifiedminimumdetectableactivity(MDA) based on Type I andType !1errorsof 5%

as described in the respectivestatementsof work for each laboratory. (A copy of each
SOW is availablein the HanfordRadiationProtectionHistoricalFiles.)

(c) Amountper total samplevolumeunlessotherwiseindicated.
(d) Investigationof a potentialInternalexposureis performedwhen thisvalue is exceeded,

Routinebioassaymonitoringfrequency: A-annual,BW-biweekly,M-monthly.
(e) Upper levelof expected environmentallyderiveduraniumin urinefor the Hanfordregion.

LANL services(lastsample shipmentwas in April1991) and the startupof processingof
Hanford plutoniumsamplesat ORNLand REECo. The tritiumbacklogwas eliminatedin
January 1991; QUS in March; isotopicuranium(IU), naturaluranium,americium-curiumin
March; and strontium-90in June. The plutoniumbacklogwas distributedto the processing
laboratoriesby mid-December1991, Resultsfor samplessubmittedduringthe interim
contract were receivedby March 4, 1992, A summaryof interimlaboratoryactivitiesis
providedin Table 2.3,

2.4

i
--_r ,,n,_,, ni,ii ....... ,,r, I'rll' IplI '_ ' ' , rll _lllq,ll,'lP ' iI ,qln, .... nr pl,_qlr,,, ,rlIlfl=lnHil,=ll '11 '11 IIIr '1_1'Til" lp _r II' ' nlln"l'eB.... iiil_,mBpiiIl,,_l,I- n, zT, III lp



TABLE2,3. 1990 and 1991 InterimBioassayLaboratoryActivities

Performance FirstWorker Samples Samples Date Last
Test Samples Samples in in Results

Laboratory. Submitted Submitted CY 1990 CY 1991 Received

LANL 9/6/90 9/20/90 1184 1044 10/29/91

• TMA/Norcal 10/10/90 11/9/90 300 1991 12/6/91

ITAS 12/6/90 2/1/91 0 1252(=) 3/4/91

' ACL/PNL 10/10/90 10/29/90 130 792 12/4/91

222-S/WHC 9/28/90 10/24/90 119 1i 45 12/2../91

ORNL 5/29/91 7/23/91 0 1261 2/28/92

REECo 6/10/91 8/5/91 0 883 3/4/92
7/11/91

o (a) Total includes176 samplescollected duringthe interimperiod but redirectedto ITAS
afterstartof permanentcontract,and processedunderpermanentcontract

_ requirements.

From the onset of the interimExcretaBioassayPt'ogram,some aspectsof the previous
programwere modified. No laboratorywas foundto performthe sequentialanalysesthat
were availableunder the UST contracts. As a result,workerswere requiredto provide
individualsamplesfor each nucliderequested, lt became particularlydifficultto successfully
collectterminationsamplesfor multiplenuclides. Ali processingwas specifiedas routine,
wkh the exceptionof emergencyor expeditedprocessingat ACL; the latterwere reservedfor
incidentsonly. BecauseUSDTwas not contracted, norhad means,to determinesample

• volume,the minimumacceptablevolume requirementsbased on kitand prioritycodeswere
not in effect. The capabilitiesof orderingsequentialanalyseson single samplesand rejecting

- samples becauseofinsufficientvolumewere both reinstatedwiththe new long-termcontract,

Sample requestscan be categorizedas standardor non-standard, Standardrequests
, are those which are generatedby the OccupationalRadiationExposuresystem (ORE)

database from a pre-determined,routineschedule (for instance,a workermay be scheduled
for an annual sample collected every April). These requestsare downloadedfrom ORE and

' electronicallytransferredto the lab justbefore the startof each month. Ali other requestsare
considerednon-standardrequests. These are manuallyrequestedby the contractorsto IDP;
IDP initiatesthe paperworkand transfersthe requestto RadiologicalRecords;Radiological
Recordsloadsthe request into ORE and then hasthe computertransferthe requestto the
lab, a much more labor-intensiveprocess_ Figure2.1 showsthe monthlydistributionof

2.5



r
1200j--. _ Non-Standard ,e_

/ _ Standard / \

600

,

Month s92o4023.4

FIGURE2.!. Standardand Non-StandardExcretaRequestsby Month

standardand non-standardrequestsfor 1991. "iReplotsbeginwith December 1990 because
the standardrequestsdownloadedin Decemberrepresentsamplesto be collectedin
January. The rise in non-standardrequestsstartingin Septemberwas drivenby an increase
in terminationsamplesresultingfromthe close-outof severalprojectsat the end of the fiscal
year. Overall,non-standardrequestsin 1991 increasedover previousyears.

2.1.2 New Long-TermContract

Afterthe UST contractwas terminatedon June 1, 1990, PNL began the processof
reprocuringradiochemicalanalysesof bioassaysamplesfor the Hanford Site. A Requestfor
Proposal,specifyingthe requirementsfor performanceof bioassayanalyticalservices,was
sent to many potentialofferors. Four laboratoriessubmittedproposalsand the source
evaluationteam chose ITASas the new bioassayanalyticallaboratory. The contractwas
awarded October 15, 1991, and ttle firstsampleswere submitted October 22, 1991. ITASis
now providingthe full range of bioassayanalyticalservicespreviouslyprovidedby UST.
Table 2.4 providesthe contractualMDAs and screeninglevelsappliedto the new contract.
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,TABLE2.4. SpecifiedMinimumDetectableActivitiesand ScreeningLevelsfor Routine
ExcretaAnalysesDuring1991, PermanentITASContract

ScreeningLevel
Contractual and Sampling

Analysis(=) MDA(b"=) F_.requency(O,d)-

• 2aSPu,2_pu 0.02 dpm 0.01 dpm (A)

9°Sr 10 dpm 26 dpm (A)
|

11 dpm (BE)

2a4U,2'_U 0.02 dpm 0.15 dpm (A)(Q)

2aSU 0.02 dprn 0.01 dpm (A)

241Am,242Cm 0.02 dpm 0.01 dpm (A)

ElementalU 0.06 I_g 0.2 I_g (A)(®)

131ementalU (QUS) 0.5 I_g 11 I_g (BW)
4 I_g (M)

Tritium 20 dpm/mL 90 dpm/mL (M)

(a) Analysisof urine samplesunless otherwiseindicated.
(b) Specifiedminimumdetectableactivity(MDA) based on Type l and

Type II errorsof 5%, as describedinthe respectiveSOWs for each
laboratory. (Acopy of each SOW is availableinthe Hanford
RadiationProtectionHistoricalFiles.)

(c) Amount per total samplevolumeunlessotherwiseindicated.
(d) Investigationof a potentialinternalexposureis performedwhen this

value is exceeded. Routinebioassaymonitoringfrequency: A-
annual, BE-biennial,BW-biweekly,M-monthly,Q-quarterly.

(e) Upper levelof expected environmentallyderived uraniumin urine for
the Hanfordregion.

. 2.1.3 _QualityControlAudit Program

About 360,sampleswithknown amountsof variousradionuclides(blanksand spikes)
' were submittedto the seven analyticallaboratoriesperforminganalytical bioassayanalyses

for PNL to check the accuracy,precision,and detectionlevelsof their urinalyses.The
numberof laboratoriesrequiringmonitoringput a significantstrainon the program'sability to
producesufficientblindaudit samples.

¢
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Udnecollectedfrom nonexposedPNLemployeeswas prepared as blankand spiked
sam_ by the chemistrylaboratoryin the 325 Buildingby PNL'sACL, ac,cordingto the
dir_ given by IDP. Mostsampleswere submittedas doublebtinds;u_ple.,=,i.e., they
were scheduled with and collected by the interimsample transfercontrac_IorUSDT as if they
were per_cx_nelsamples. Other sampleswere submittedopenly as audit samples(single
b_Lnd).Ana_se= for2=pu, ='_Pu,241Arn,soSr,tritium,and uraniumvia two different
procedureswere tested. Th_sexternalauditsample programprovideda ,cl_eckon the
laboratc_de_'own intern= qualitycontrol (QC) programs. In additionto the QC samples
submittedby PNL, the labo_'atorteswere also requkedto conducttheirown QC programand
submit the resLdtsof ana='ysesto PNL.

I

The resu_ll=of the external audit programwere generallythe same as for the
leJ0<_,rator_es'I_nternalQC program. The laboratoriesmet ali precisionand bias criteriafor
which=dequate samples were Oj3rajyzed (i.e., greaterthan 15). The minimumdetectable
amountcriterionwas met by ali laboratoriesexceptfor LANL'sanalysisof 2_pu in urineand
ITAS_sotoptcanalysisof uranl=Jmin urine. The problemwiththe uraniumanalysismay be
expla!_nedby the interferenceof ambientlevels,pfnaturallyoccurringuraniumin urine. The
blindaudit blank samptes submittedby PNL indicatedthat LANLdid meet the 239pucriterion
for MDA, but LANL's internalsamples did not. In any case, the calculatodMDA was nearthe
requireddetection _evelof 0.03 dpm per sample, and the failuremay have been a resultof
un,certainty in the estimate.

2.1.4 Qme;nnCommittee/n_vestiiaatio_.n

The Omenn Comm_ee, estabt_shedby the Directorof PNL in 19_;0(see Lyonet al.
1991), concluded _tsinvest,tgatlonon tl_ovalidityof the excretasample resultsproducedby
UST from 1984 to 1990.(_) The Omenn Committeefound that UST'spe_rformancein the
bioassay programwas, with minorexceptions,incompliancewith contr_,ctualrequirements
_n,dwas technical!h/competentaccordingto everymeasureconstdere¢l.The Committeealso
found 'cred_iblethe conclusionthat (witha few specificexceptions ... whichtend to support
the basic i,ntegrltyof the UST operatio,n)UST QC resultsare consistentwith PNL audit sample
resu,l't,s."

The Committeemade two suggestionsconcerningoversightof laboratolyperformance.
One suggestion was to increasethe numberof audit samplesto aboul:60 samplesper
a_nal'yslstype to obtain _9,5%co,nfidence.ThLscould be spread over_o-year periods. The

(a) Omenn, G. $., G. v_n Belgie,D. A. Kalman,and M. O'Brten. 1991, "Retrospective
Ev_u.ationof I_r=CaSubmittedby U,$. Testing inSupport of the InternalBioassay
Prog_ramOperated by Battelle, Pacific No,rti_westLaboratories1983-1990/ Available
from Radilati,o,nProtectl,on Histod,cal Files,PacificNorthwestLaboratory,Richland,
Was,h,l_ngton.
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secondsuggestionwas to tie QC samplesto specificbatchesand establishcriteriato
validate each batch.

2.2 O_E INTERNAL_DOSIMETRYPROGRAM

Changes to the ExcretaBioassayProgram,IncludingMDAs and follow-uplevels,were
, given in Tables 2.2 and 2.4. The In Vivo BloaasayProgramwas more stableduring 1991.

The MDAsand follow-uplevelsfor invivo measurementsare listed inTable 2.5; they are
unchangedfrom 1990 values.

II

Operation of the IDP is recorded in severaldocuments. The technic,ai aspects of
internaldose calculationsareestablishedin the T_echnicalBasisfor InternalDosimetryat
Hanford (Sula, Carbaugh,and Bihl 1991), the protocolsand practicesfor operationof the

TABLE2.5. MinimumDetectableActivitiesand ScreeningLevels

_i for RoutineIn Vivo MeasurementsDuring1991

Measurement/Radionuclide(._ _ Screen!nqLevel(b)

•Whole BodyCount(c)

=)Co 3 8

l_Eu 4.5 8

137Cs 3 9

.Lung Count-

: 23SU 0.08 Anydetected

2"_U(by234Th) 1.2 Anydetected

z41Am O.12 Any detected

232Th 0.4 Anydetected

, (a) For selectedradionuclides. Detectionof radionuclidesnot listed
resultedin follow-up.

(b) Levelfor whichan investigationof internalexposurewas
' considered. Any detected activityabove backgroundwas reported

to IDP.

(c) MDAs applyto the previewcounteronly;much lowerMDAswere
obtained usingthe germaniumarraywhen activitywas firstdetected
usingthe previewcounter.
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programand coordinationwiththe HanfordSite contractorsare establishedin the Hanford
InternalDoslmetryProQran3.Manual,(=)the contractualagreementswiththe variousexcreta
labs are establishedby statementsof work with each lab, and the practices and technical
aspectsof operationof the in Vivo MeasurementProgramare establishedin the Whole Body
Countin_Manual.(b) In addition,during 1991,work was nearlycompletedon establishing
agreementbetween the IDP andthe InVivo MeasurementProgramon practicesand
protocol_not covered in the Who!eBodyCountingManual;the agreementwillbe issuedas
an SOW forthe InVivo MeasurementProgram. Individualassessmentsof internaldose are i

documentedin each individual'sfile inthe HanfordRadiologicalRecordsProgram (HRRP)
microfilmfiles. Bioassaymeasurementresultsare maintainedinthe ORE database operated
by the HRRP.

Small-scopechangesto the practicesor technicalaspectsof eitherthe IDP or In Vivo
MeasurementProgramare documentedby ProgramChange Records. Ultimately,these
changesbecome incorporatedinthe variousdocumentationmentionedabove. The Program
Change Record identifiesthe change,its effect._',:edate, andthe reasonsand impacts of the
change. A copy of the ProgramChange Record is placed in the HanfordRadiation
ProtectionHistoryFiles, The ProgramChange Recordsissuedin 1991 are listedinTable 2.6.

2.2.1 Tes.__.t_gand Implementati.onof the Code for !nternalDosimetry

The Code for Internal Dosimetry(CINDY) (Strengeet al. 1990a and 1990b) was
extensivelytested and acceptedfor use in bioassayanalysisand internaldose calculation.
The code was foundto be comprehensive,user-friendly,well-documented,and generallyin
agreementwith resultsobtainedfor dose, organretention,and excretionusing the methods
of theT..echnicalBasisfor InternalDosimetry_at Hanford (Sula,Carbaugh,and Bihl1991).
Some problemswere noted withthe code, includinga significanterror inthe tritium

° calculationsand an inabilityto calculate241pu intake based on 241Amcontent in the lung.
(Theseproblems were reportedto the authors.) CINDYwas adoptedas one tool for use by
the IDP, but dees not totally replaceothercodes or methodsalreadyin use. Dosimetry
evaluationstaffwere trained inthe useof the code. A letterreportwas issuedsummarizing

" the testingand training,and a copy of it was placed in the HanfordR_diationProtection
- HistoricalFiles.(=)

(a) PacificNorthwestLaboratory(PNL). HanfordInternalD_oi_[y._.Pro_ram Manual
(InternalManual). PNL-MA-572,PNL, Richland,Washington.

| (b) PacificNorthwestLaboratory(PNL). Whole BodyCountinclManual (Internal Manual).
| PNL-MA-574,PNL, Richland, Washington.

(c) Letterto Distributionfrom D. E. Bihl,dated September30, 1991, "Trainingand Testing
of the InternalDosimetryCode, CINDY," and attachedreport, Verificationand Other
Tests Toward Incorporationof CINDY for Use in the HanfordInternalDosimetry
Program, D. E. Bihl,E. H. Carbaugh,and J. A. MacLeilan. Copy inthe Radiation
ProtectionHistoricalFile, PacificNorthwestLaboratory,Richland,Washington.
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TABLE2.6. ProgramChange Recordsfor 1991

PCR AffectedAreas
No. EffectiveDate Title of Proaram

91-001 01-oo-91 Change inthe Nuclide EliminatedEu and Ce from
Ubraryfor RoutineLung routinelung measurement
Calculations calculations

W

91-002 01-01-91 DoseAssessment(10 mrem) Establishedprotocolfor
ScreeningLevelfor QUS issuingdose assessment
Bioassay based on annual reviewof

chronicexposuredata

91-003 02-01-91 High Flagon Bioassay ORE database highflag will
Results be set to "+" for ali results

greaterthan natural
background

91-004 04-18-91 137CsScreeningLevelsand Clarifiedresponseto
laTCsQuestionnaire detection of 137Cs and

provided for additionaldata
collection

91-005 09-26-91 In Vivo Bioassayfor Short- Providedfor use of 1000-
termWorkers second lung counts for

some applications

91-006 10-15-91 DoseAssessmentFlowcharts Providedguidancefor
resolvingambiguous
sourcesof low-levelinternal
dose

2.2.2 Revisionof the TechnicalBasisfor InternalDosimetryat Hanford

A completerevisedversionof theTechnicalBasisfor InternalDosimetryat Hanfordwas
issuedin July 1991. The revisionwas promptedby the desireto havecertainadditional
informationreadilyavailablefor routine use in dose assessmentand bioassayprogram
design. Some changes_nthe presentationof informationwere also madeto make the
documenteasierto use, particularlyin lightof proposedDOE implementationguides and
performancestandardsfor internaldosimetry. The biokineticand dosimetricmodelswere not
changedfrom those describedin the originalissueof the document.

l,
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2.2.3 _.B_assayCriteriafor Environ.mentalRestorationWorkers

A letterreport(=)to WHC provideda methodfor identifyingthose workersperforming
environmentalrestorationand remediationworkwho shouldbe placed on a bioassay
program. The worktypicallyinvolvesexcavationof potentiallycontaminatedsoilsat solidor
liquidwaste disposalsites. Soil contaminationcriteria(in terms of activityconcentrationof
soil)were based on acuteor chronicIntakescenariosthat mightresultin sn intakeof 2% of
the Annual Umit on Intakefor pertinentradionuclides.These criteriawere proposedas a I

basis for comparingsoilsample resultsobtainedfrom pre-jobor on-the-jobsamples. The soil
contaminationcriteriarangedfrom 2 pCI/g for 23aThto 400,000 pCi/g for lSTCs.Two other
notable criteriawere 20 pCi/g for Pu-=, and 70 pCi/gfor total uranium. The criterionfor tritium
in groundwaterwas calculatedto be 1000 I_CI/L,which is higher than any observedtritium
levelsin Hanfordgroundwater.Thus, it was concludedthat therewas no need for tritium
monitoringof environmentalrestorationworkers. A copy of the reportwas placedin the
Hanford RadiationProtectionHistoricalFiles.

2.3 MONITORINGAND ASSESSMENTACTIVITIES

During 1991,20,777 in vivoand excretabioassaymeasurementswere performedfor
Hanford activities,excludingcancellations,no-samples,and samples withoutvalidresults. Of
these, over 98% were classifiedas routine(includingmeasurementson visitors),with about
1% each due to potentialor confirmedintakefollow-upmeasurementsand specialpurpose
measurements.

Table 2.7 summarizesthe excreta measurementsrequested in CY 1991 for complete
resultsreceivedfrom the labs as of March 4, 1992. Mostnoteworthywas the marked
increasein analysesperformedfor tritium and uranium,plusa substantialincreasein
plutoniumanalyses,as depicted in Figure2.2. In addition,a total of 941 excretasample
requestsrepresenting955 determinationswere designatedas no-resultsamplesfor 1991.
Unsuccessfulsamplecollectionswere attributedto the following: no samplereceived(46% of
total unsuccessfulcollections);lost container(46%); insufficientsamplevolume(3%); and
lost-in-lab(5%). In vivomeasurementsmade in CY 1991 are summarizedinTable 2.8. Not
includedin these figuresare the 555 whole body, 8 chest,and 2 wound measurementsthat
were declared invaliddue to radon interference(75%), preliminarycount (20%), equipment
failure(3%), medicallyadministeredradionuclidepresence (1%), and other miscellaneous
reasons (1%).

(a) Letterto T. J. Kelly(WHC) from E. H. Carbaugh,dated December3, 1991, "Bioassay
Criteriafor EnvironmentalRestorationWorkers,"and enclosedreportby E. H.
Carbaugh,dated November1991, of the sametitle. Copy in the RadiationProtection
HistoricalFile, PacificNorthwestLaboratory,Richland,Washington.
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TABLE 2,7. Excreta Measurements for Samples Requested During CY 1991

TvDe/Reason DOmE KE.._..HH PN_._LL WHC TOTAL

3H-udne
Routineschedule(_ 0 411 454 85 950
Special requust(b) 0 1 1 3 5
Intakefollow.up(°) 0 1 1 0 2

9OSr.udne
Routineschedule 21 469 19 1034 1543
Special request 0 0 1 6 7

. Intake follow-up 0 0 0 6 6

Uranium-urine
Routineschedule 4 528 200 1003 1735
Special request 0 0 0 6 6
Intake follow-up 0 0 0 10 10

Plutonium-urine
Routine schedule 30 672 273 2061 3036
Special request 0 0 4 54 58
Intakefollow-up 0 11 10 26 47

OtherTRU-urine
Routine schedule 0 0 22 6 28
Special request 0 0 0 0 0
Intake follow-up 0 0 0 0 0

Plutonium-fecal
Routineschedule 0 0 0 0 0
Special request 0 0 0 1 1
Intake follow-up 0 6 1 6 13

9°Sr-fscal 0 0 0 0 0

AnalysesTotPJs 55 2099 986 4307 7447

Recounts
Plutonium- urine 0 1 9 37 47
_°Sr - urine 0 4 0 7 11
3H - udne 0 7 0 1 8
Uranium - urine 0 2 O 2 4

(a) Routine measurementsincludethose with reasoncodesof baseline,beginningwork, new hire,
routine,ending work,and termination.

. (b) Special measurementsincludethose withreason codes of contractorrequest,evaluator
request, and specialstudy,

(c) intakefollow-upmeasurementsincludethose withreason codes of incident, investigatehigh
routine,and followup.
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FIGURE2.2. Routine UrineMeasurementsMade from 1986 through1991

The demandfor bioassay measurementsshiftedsomewhatin 1991. Overall,ti,$ total
numberof measurementsincreasedby 13% over lastyear. in vivo measurementscontinued
at aboutthe same rate as in 1990 (see Figure2.3), despitea couple of very heavy months.
However,excretaresultsjumped by over 50% comparedto 1990, mostlybecause of a 56%
increasein routineurine measurements.This increasewas probablycaused by expanding
use of the RadiationArea Managementsystemby WHC, whichrequiresthat ali bioassay
requirementsare met before a workercan enter a radiationzone.

During1991, 15 potentialinternalexposureincidentsinvolving30 workerswere
identifiedthroughworkplacemonitoring.Of these workers,no confirmationof intakewas
determinedfor 20 workers, and intakeswere confirmedfor 10 workers. Of the latter,only
1 workerincurredan intakeresultingin a 50-yearcommittedeffectivedose equivalent
exceeding100 mrem. The radionuclidesand groupsinvolvedincluded137Csand/or _°Sr
(4 incidentswith 8 workers),TRU (8 incidentswith 19 workers),tritium(1 incidentwith 1
worker),e°Co (1 incidentwith 1 worker),and U (1 incidentwith 1 worker). Table 2.9 shows
the incidentbreakdownby contractor,area, and facility. Trendsfor the last 5 years are
includedinTable 2.10.
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TABLE2,8. inVivo MeasurementsPerformedDuringCY 1991
and Recordedin the ORE Database

.... Type/Reason _ KE_..HHPN..__LLWH__..CCTOTAL

Whole body count
Routineschedule 158 1246 1497 7064 9965
Specialrequest 0 6 5 17 28

' Intakefollow-up 0 8 0 22 30
Visitors 216 1 9 380 606

Total 374 1261 1511 7483 10629

Chestcount
Routineschedule 8 707 317 1517 2549
Special request 0 1 1 6 8
Intakefollow-up 0 14 11 51 76
Visitors 0 0 0 5 5

Total 8 722 329 1579 2638

Specialcounts
Hand/wound 0 0 0 13 13
Head 1 0 8 22 31
Other(a) _ 0 8 9 19

Total 3 0 16 44 63

(a) Other countswould includeany specialorgan countsuchas liver,kidney,
or thyroid.

Table2.11 shows internaldose assessmentsin 1991 resultingfrom highroutine
bioassayresults,i.e.,those not associatedwithknown incidentsor potentialchronicexposure
situations,and exceedingthe criteriafor investigation.Interqaldoses were assessedfor the

J followingradionuclidesor groups: TRU (29 cases),137Cs and/or _°Sr(2 cases), uranium
1 (37 cases), and tritium(1 case). Of these,66 casesreceivedno internaldose, 1 case

receiveda 50-yearcommittedeffectivedose equivalentlessthan 100 torero, and 2 cases
received50-yearcommittedeffectivedose equivalentsgreater than 100 rem. These numbers

• are generallylessthan those for 1990, as shown inTable 2.10.

Potentialchronicintakecases (alsoshowninTable 2.10) involvedtritium(4 cases) and
uranium(26 cases). Chronic intakeassessmentswere not performedfor workersexposedto
solubleuraniumor tritiumwhose sampleresultsdid not exceed the screeninglevel,defined
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Chest Counts 1,560 1,542 1,625 1,895 2,607 2,549

Whole Body 7,988 7,877 7,193 8,958 10,574 9,965
Counts

Year $9204023.2

_. Routine InVivo MeasurementsMade at the In Vivo Radioassay
and ResearchFacilityfrom 1986 through1991

as that resultwhich could have indicateda potentialfirst-yeareffectivedose equivalent
greater than 10 mrem, basedon conservativeassumptions. None of the chronicintake
evaluationsresultedina 50-yeareffectivedose equivalentabove 100 torero.

The v_ternaldose statusof the Hanfordworkforce at the end of 1991 is summarizedin

Table 2.12. Past exposuresthat are contributingcurrentdoses to activeworkersare included
in the lowersection of the table. Overall,the numberof Hanfordworkersreceivinginternal
doses decreased by 35% in 1991 comparedto 1990. Fifty-oneworkersreceiveddosesin
1991 which exceeded 1% of the DOE radiationprotectionstandard of 5 rem/yeareffective
dose equivalent,downfrom 56 workers in 1990 and 64 in 1989= Of the new evaluations
listed,ali but three cases resultedin a 50-year committedeffectivedose equivalentof less
than 100 mrem (whichwere assignedto the year of intakein accordancewith current
Hanfordpracticesfor recordinglow doses). One of the three higher-dosecases resulted
from an incidentin 1991 involvinga WHC worker;the othertwo cases involvedPNLworkers
who were identifiedthroughthe routinebioassayprogram.
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TABLE2.9, Summaryof PotentialExposureIncidentsDuring 1991

Facility Facility Numberof Numberof Worker Principal
Area lD Custodian Incidents Workers Contractor Nuclide

100A 105KE WHC 2 6 WHC Cs-137
105N WHC 1(=) 1 WHC Co-60

t

200E Purex WHC 1 1 WHC U-nat
1 1 WHC Cs-137
2 2 WHC Pu-239

200W 234-5Z WHC 4 9 WHC Pu-239
241Z WHC 1 7 KEH Pu-239

300 324 PNL 1 1 KEH H-3
1 1 KEH Cs-137

325 PNL 1 ' 1 PNL Arn-241

4OO 0 0

Total 15 30

(a) Initiallyscheduledas contractor-requestedmeasurement.

Becauseof the severanceof the analyticalservicescontract (on June 1, 1990), the excreta
bioassayportionof the monitoringprogramsufferedsignificantdisruptionthroughout1991.
Consequently,excretameasurementstatisticsinthe 1990 annual report (see Tables 2.7 and
2.8 in Lyonet ai. 199"1)were basedon samples collected,manyof which had not been
analyzed. Table 2.13 summarizesthe 1990 excretaresultsstatistics,now that the data have
beenfinalized,and is a correctedversionof Table 2.8 in Lyonet al. (1991). The actual
numberof valid excreta resultstotalled4856, or 4.5% lessthan the estimategivenin Lyonet
al. (1991). The overallsum of in vivoand excretabioassaymeasurementsduring 1990 was
18,242. A total of 1613 excretasamplerequestswere designatedas no-resultsamplesfor
1990; the ratio of no-resultsto successfulresultswas 0.29 overall. Unsuccessfulsample
collectionswere attributedto: no samplereceived(31% of total so classified),lostcontainer
(17%), insufficientsamplevolume (6%), lost-in-lab(9%), and lostdue to terminationof the

. analyticalsupport servicescontract(38%).
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_. Comparisonof InternalExposureIncidentsand Internal
ExposureDoseAssessments,1987-1991

199_._1 19._.._ 198.,.....99 198._.__88 198__._Z7

Number Incidents,total 15 14 22 12 14
Numberof workers 30 30 33 25 20 "

Evaluations,total 130 228 291 80 173

Re-evaluations 1(=) 5 7 8 16

New cases 129 223 284 72 157
Incidents 30 30 33 26 75
Special requests 0 5 3 8 31
High routines 69 93 51 38 51
Chronicexposures(b) 30 95 197

No dose(°) 85 104 77 22 147

(a) Two additionalre-evaluationswere assignedin 1991 but were not completed at the
time of thiscompilation.

(b) The criteriafor decidingwhichchronicallyexposedworkerswere evaluatedchanged
considerablyfrom 1987 to 1991 so the yearlynumbersare not comparable.

(c) For 1986-1988, the cutofffor dose assessmentwas 1% of the radiationprotection
standardor maximumpermissiblebody burden. Beginningin 1989,dose from any

confirmed intake was recorded.

2.4 PRESENTATIONS

Bihl,D. E., and J. A MacLellan. 1991. "ExperiencewithQualityAssuranceStandardsApplied
to in Vitro Bioassay." Presentedat the Third Conferenceon RadiationProtectionand
Dosimetry,October 21-24, 1991, Orlando,Florida.

MacLellan,J. A., T. P. Lynch,and G. A. Rieksts. 1991= "Applicationof the GenericANSI
N13.30 MinimumDetectableActivityEquationto MultichannelAnalysis." Presentedat the
37th AnnualConferenceon Bioassay,Analyticaland E_vironmentalRadiochemistry,October
7-11, 1991, Ottawa,Ontario,Canada.

|
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TABLE2.11. Summaryof PotentialExposureCases Identifiedthroughthe Routine
BioassayProgramDuring1991

Facility Exposure Numberof Worker Principal
Area Facility Custodian Type(a) Workers Contractor Nuclid._._.__ee

200-E PUREX WHC A 1 WHC 8°Sr

200-W 224-U WHC C 13 KEH U-nat
11 WHC U-nat

300-A 306-W PNL C 2 PNL 23aU
308 PNLJWHC A 1 PNL 23epu
309 PNL A 1 PNL 239pu
325 PNL C 4 PNL 3H

Unknown(b) A 1 PNL 239pu

(a) Acute (A) or chronic(C) intakescenarios.
(b) The most likelyfacilitiesfor possibleintakewere 308 Building(300-A),303C Building

(300-A), or 231Z Building(200-W).

=

i
b

i
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TABLE2.12. InternalDoseStatusof the__,t_,o'ifordWorkForce at 1991 Year End

_ Numberof Workers(=)
Percent RP$(b_ .DO.._EE _ _ WHC Tota._.._/

1991 Evaluations-----_

Acute Intake
<1 0 4 0 5 10
1 -<5 0 0 2 1 2
5- <10 0 0 1 0 1 .
>10 0 0 0 0 0

Chronicintake
<1 0 13 6 11 30
zl 0 0 0 0 0

Assessed in PriorEvaluations------------

Acute Intake
<1 0 1 11 (2) 17 (1) 29
1 - <5 1 (1) 1 12 20 24
5- <10 0 1 2 8 (2) 1'I
10- <50 0 0 4 7 11
50- <100 1 (1) 0 0 1 2
>100 0 0 0 0 0

=_

Total 2 20 38 70 120

R

J

| (a) Numbersin parenthesesreferto assesseddosesdue to offsiteexposures.

i (b) Percent of the RadiationProtectionStandardof 5 rem/yearannual effectivedoseequivalentassignedto 1991. If the intakeoccurredin 1991 and the 50-yearcommitted
effective dose equivalentwas lessthan 100 mrem,then the total committedeffectivei

| dose equivalentwas assignedto 1991.
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TABLE 2.13. Corrected Excreta Measurements for Samples Requested During CY 1990 (a)

Type/Reason DOE KEH PNL WHC .TOTAL

3H.udne
Routineschedule 0 9 129 177 315
Special request 0 2 0 0 2
Intakefollow-up 0 0 4 0 4

e°Sr.udne
Routineschedule 13 248 8 1124 1393

" Special request 0 0 1 40 41
Intake follow-up 0 0 0 7 7

Uranium.urine
Routine schedule 0 64 83 529 676
Special request 0 0 12 24 36
Intakefollow-up 0 0 2 11 13

Plutonium-urine
Routine schedule 13 356 215 1599 2183
Special request 0 0 5 40 45
Intake follow-up 0 2 6 25 33
Researchrequest 0 0 0 2 2

OtherTRU-urine
Routineschedule 0 0 9 9 18
Special request 0 0 0 0 0
Intake folk)w-up 0 2 3 3 8

Plutonium-fscal
Routine schedule 0 0 0 35 35

Special request 0 0 0 40 40
Intakefollow-up 0 0 0 1 1

9°Sr.fecal
Routine schedule 0 0 0 0 0
Special schedule 0 0 3 0 3
Intake folk)w-up 0 0 0 0 0

Other misc.
' Routine schedule 0 0 1 0 1
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I._.._]._L_. (cont'd)

Ty/eBon KEH P_tC WHO

Ana_sesTotals 26 683 481 3666 4856

Recounts(notIncludedin
abovetotal)
,Plut_ _urine 0 0 11 21 32
OtherTRU. udne 0 0 4 0 4

w

(ii) ThistaJ0_representsflr_ validrNuit countspercategoryandis_ updateto preliminarydata
reportedinthe1990annualreport,
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3.0 HANFORD IN VIVO MEASUREMEN'I,PROGRAM

The In Vivo MeasurementProgre_nhas been an Integralpart of personnelc;osimetryat
Hanfordsince 1959, assistingin det¢,ctingthe depositionof radioactivematerialsin Hanford
employees. Programrequirementsare outlinedin the HanfordSite ServicesHandbook
(RL 1963). The In Vivo MeasurementProgramprovidesfor the management,operation,and
maintenanceof the in vivocountingfacilitiesand equipmentlocated inthe 747-A Building,the
747-ATrailer, a mobilein vivo countingfacility,and the EmergencyDecontaminationFacility
(EDF). The routinelyused measurementfacilitiesare locatedat the 747-A Buildingand

. Includethe PreviewCounter(used for stand-upscreeninginwhole body measurements),the
iron roomand stainlesssteelroom (eachcontaininglung counting systems),and the Palmer
Room, formerlyknown as the Utah Room (containingthe coaxialgermaniumdetector
system). Operatinghoursare from 7:00 a.m. to 4:30 p.m. on weekdays. The facilitiesand
equipmentare also availableduring off-hourson an on-callbasis. Data and resultsof
measurementsaL'etransmittedto the HRRPdatabasefor permanentrecord. Dailyoperational
and functionalchecks are performedon ali routinelyused countingsystems,whichare also
periodicallycalibratedto ensure theiraccuracy. The staffparticipatein intercomparison
programsto further improvethe accuracyof operations. The activitiesof thisprogram,
includingspecial studiesand developmentwork carriedon during1991, are describedin the
following subsections.

3.1 ROUTINEPROGRAM

Severaltypes of routine invivo measurementsare made on personnel. The type of
measurementmade on each personis determinedbythe type of radioactivematerialto
whichthat personis potentiallyexposed. Generally,if an employee does notworkwith TRU
radionuclides,only a whole body countis performedto detect the higherenergygammarays
emitted by fissionor activatedcorrosionproducts. If the work involvesTRU radionuclides,
lung and whole body counts are done. If radioactivityis detectedby eitherof these
measurements,severalother typesof counts may bo done to identifyand quantifythe activity,
in the body.

The number and types of measurementsmadeon personnelduring 1991 are listedin
. Table 3.1. A total of 13,909 measurementswere made forRL and the Hanfordcontractorsin

1991, representinga 7% increaseoverthe numberperformedin 1990. Table 3.2 showsthe
in vivo measurementsmade at the In Vivo RadioassayResearchFacility(IVRRF,formerly

• known as the Whole BodyCountingFacility)from 1987 to 1991. The 1991 totalof 11,195
whole body countsis 8% higherthan the same tallyfor 1990. Lungcountsfor 1991 totaled
2647, whichis a 1% decrease from 1990.



TABLE3.1. MeasurementsMade on HanfordPersonnelDuring 1991(=)

Whole Body Chest Other
._Contractor (_ounts _ Counts Total

BSC 125 12 0 137

DOE 387 4 3 394

WHC 7,781 1,576 48 9,405

HEHF 41 0 0 41

KEH 1,302 726 0 2,028

PNL 1,559 329 16 1,904

Total 11,195 2,647 67 13,909

(a) Includesroutineand special counts.

_2.. InVivo MeasurementsMade at the In Vivo Radioassayand
ResearchFacilityfrom 1987 through1991(a)

_Measurement\Year 198.7 ._1_98.._._ .1989 19_ 1_.99.._!.1

Whole Body 8,070 7,187 9,081 10,320 11,195
Counts

Lung Counts 1,705 1,6.52 1,954 2,679 2,647

Others 98 60 37 35 67

Total 9,873 8,899 11,072 13,034 13,909

(a) Values for CY 1990 shownhere will differfrom the fiscalyear 1990 valuesas
reported in the 1990 report (Lyonet al. 1991).

i



Most of the routinelyscheduledwholebody examswith positiveresultsthisyear were
ultimatelyassociatedwith eithermedicallyadministeredradioactivity(2°lTh, _l'h, semTe,1311,
or e7Ga),or environmentallyderived137Cs.Investigationsof the 137Csresultsindicatedthat
mostworkershavingsuch resultshad not been associatedwith any off-normalworking
conditionsand were regularconsumersof wild game (notablydeer, elk, and bear), or had
traveledto EasternEurope.

An anatomicalmarkersystemwas incorporatedintothe 4x4x16Nai systemto identify
anatomicallandmarksto assistin determiningthe distributionof radioactivematerialin the
body. The magneticmarkerscan be positionedanywherealongthe scanningbed to

, correspondwithspecificanatomicallandmarks(e.g., shoulderor elbow). A microswitch
locatedon the undersideof the carriageis activated by the markersand providesexactly
1000 countsto the specificchannelrepresentingthat position. A plot is obtainedshowing
the landmarks;by subtractingthe 1000 counts,the number of countsfromthe subjectcan be
determined.

Alithe routinecountingsystemswere interfacedto the multichannelanalyzersresident
on a DigitalEquipmentCorporation(DEC) Model3100 workstation.The workstationwas
interfacedto the HewlettPackard(HP) 9000. Codes were writtenfor the workstationto
backupthe routinecalculationcodes on the HP 9000. Verificationand validationwere
completedfor most of the codes. No downtimer_l_ted to failuresof the multichannel
analyzer(MCA) was experiencedduringthe year. A second DEC Model3100 workstation
was purchasedas a backup and programmingstartedon the roL.11necalculations.

Preparationfor havingthe programaccreditedthroughDOELAPbegan in 1991. A draft
qualityassurance(QA) plan waswrittenas the basisfor evaluatingthe program. Two bottle
manikinabsorptionphantomswere receivedfrom the DOE Radiologicaland Environmental
SciencesLaboratory(RESL) in Idaho Falls,Idaho. Measurementswere made of the
phantomson the coaxial germaniumsystemand the standupcounterto evaluatethe
precision,bias, and minimumdetectableamountsfor thesesystems. Data analysisis
plannedafter receiptof the informationon activityIoadingsof the phantomsfrom RESL.

A computer program developedat LLNLto calculatethe chest-wallthicknessbased on
diagnosticultrasoundmeasurementswas put into routineuse. The problemswiththe
hardware(defectivemother-board)and incompatiblesoftwarereportedlastyear were

. resolved. The systemallowsthe imageto be electronicallystoredand the chest-wall
thicknessresultsto be automaticallycalculated.

. A draft of the Whole Body CountingProgramSOW was completedthisyear. The SOW
documentsthe operatingpoliciesfor the program,includinga new statisticalapproachbased

3.3
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on the conceptspresented in the draft ANSI StandardN13.30.(=) Muchtime and effortwas
spent on developingthe decisionlevelsto be used as the bases for reportingstatistically
significantmeasurablequantitiesof radioactivematerialin the body. The ANSI N13.30
statisticalapproachwas modifiedto addressinvivo measurementsthat are routinelymade to
detect multiplenuclides. Thousandsof invivomeasurementresultswere statistically
evaluatedto improvethe prediction of the peak region-of-interestbaseline and to empirically
derive the non-polasonvariancecomponentto preciselydefinethe decision-levelequations
for applicationat Hanford. Implementationof the policiesand statisticalapproach in the SOW
is planned for January 1992.

A 0.3 full-timeequivalenttechnicianjoinedthe Whole Body CountingProgramstaffthis
year to betteraccommodatethe increasedvolumeof in vivo measurements.The new
techniciansplitstimebetweenthe Whole BodyCountingProgram,the BioassayAudit
Program,and the PhantomUbrary Program.

Severalsurveillancesof the Whole BodyCountingProgramwere conductedby WHC
and RLthisyear. Correctiveactionsrelatedto the findingsand observationswere initiatedin
a timelymannerand, in mostcases, have been completed.

The fire protectionassessmentfor the IVRRFwas updatedto estimatecosts and
recovery timesresultingfrom a fire at the IVRRF. There remainsno firedetectionand alarm
capabilityin the 747-ATrailer.

A 400-Mb disk and a lO0-Mb diskfor the HP 9000 were obtainedto effectivelydouble
the system'sdisk capacity. The diskswere usedperiodicallyduringtheyear to back up files.

The undergroundpipingbelow the IVRRFwas foundto be severelycorrodedand was
replacedwith above-gradepiping. The sanitarywater linefeedingthe 747-A Buildingfromthe
Richlandcity supplywas also replaced. Fortunately,the onlydisruptionof the routineinvivo
countingservicesresultedfrom the increasednoiseand dust levelsand the increased
numberof personsinthe 747-A Buildingduringbusinesshours.

Fencingwas erectedaround the liquid nitrogenstoragetanks on the northside of the
747-A Buildingto provideadded propertyprotectionand reduce the potentialfor equipment
damage and personalinjurydue to vandalism. The enclosurearoundthe liquidnitrogen
tanks is shownin Figure3+1. °

(a) AmericanNationalStandardsInstitute(ANSI). 1989. Performance+CriteriaA@ainst
Which BioassayAnalysisLaboratoriesWillBe Tested. DraftANSI N13.30, NewYork,
New York.
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3.2 ADDITIONS OR CHANGES TO EQUIPMENTAND FACILITIESIN 1991

Additions and changes to equipment included a new computer workstation, a new
ultrasound system, an oxygen monitoring system for the counting cells, and a remotely
operated in vivo counting system.

3.2.1 Workstations
|

A secondDEC WS-3100 analyzersystemwas received. When the routinecalculations
are programmed,the systemwillprovidebackupto the primaryworkstationcurrently
interfacedwith the countingsystems.

3.2.2 ImprovedMeasurementsof Chest-WallThickness

The new ultrasoundsystem,includingthe analysissoftwarefrom LLNL,was put into
routineuse after the technicianswere trained. The need for additionaltrainingwas identified
as a meansto improvethe precisionand accuracyof the measurementprocess.
Subsequently,trainingclassesfor the IVRRFstaffwere conductedby a certifiedsonographer
on the operationof the ultrasoundunit,identificationof anatomicalfeatureson the ultrasound
image, and interpretation of the image data. Measurementswere made of a single subjectas
the basisfor evaluatingthe actualvariabilityof the results. Analysisof the measurementdata
will continue into 1992.

3.2.3 CountinQCell Safety

An evaluationof the effectsof nitrogenreleasesintothe countingcells showedthat
oxygen concentrationsin the cellswithautomaticliquidnitrogenfill systemscould fall below
19.5% inthe eventof a worst-casereleaseto the ce_l. Althoughitwas determinedthat the
probabilityof such an occurrenceis extremelylow, the possibleconsequencescould be life-
threatening. Most other DOE in vivo countingfacilitieswere foundto have oxygenmonitoring
systemsintheir countingcells. Consequently,oxygenmonitoringwas installedinthe two
countingcells with automaticfill systemsthat are routinelyused for in vivo measurements.
The monitoringsystemwas installedat a significantsavings,comparedto purchasinga
commercialsystemwithcapital funds,and includesportable instrumentswiredto a
permanentpower supply.

i

3.2.4 Operationof the RemotelyOperatedIn Vivo CountingSys_.Lte..m_m

The trailer housing the remotely operated in vivo counterwas moved to the 200-East
Area and put into routine operation as screening counter similar to the standup counter in the
747-A Building. The technician in 747-A controls operation of the counting system from an
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IBM Model 25 with a multichannel analyzer board. A second IBM Model 25 in the trailer is
connected to the computer in 747-A and can be used to control the counter.

There is continuous audible and visual communications with the subjects in the trailer.
Visual images are transmitted to 747-A via a Photophone system. Problems with line noise
that caused disruption of the Image transmission with the Photophone system were solved
with the installation of new modems that were not as sensitive to line noise transients. The

operator can toggle between the two video cameras in the trailer (a second camera was
installedin 1991) usingthe high-voltageswitchto obtain a view of the counteror a panoramic
view of the trailer. A dedicated phone linebetweenthe trailer and 747-A providesaudible

' communications.

The caiculationalalgorithmswerewritten,tested, and verified. An algorithmwas
developedto compensatefor radon progenyactivityto reducethe numberof positiveresults
dueto thisnaturallyoccurringsource of radioactivematerial.

WestinghouseHanfordCompanypersonnelwere trainedto assist inthe set-up for the
performancetestseach time the systemis used. This eliminatedthe need for travelto and
from the counter located inthe 200-EastArea by IVRRFstaff for routineoperations.

A pictureof the new countingsystemis shownin Figure3.2. The detectorsare
shieldedwith lead bricksencased in 3/16-in.-thicksteel. The lead behind and on the sides of
the detectorsand on the floor is 4 in. thick,and on the front and sidesof tile subjectand on
the ceilingis 2 in.thick. There are six Nal(TJ)scintillationdetectors. Five of them are 4 in.
square and 16 in. long; one is 4 in. square and 8 in. long. The arrayof detectorsis 66 in.
long;the top of the arrayis 72 in. above the floor. A 3/8-in.-thickpiece of acrylicplastic
separatesthe detectorsand the subjectbeing counted. The total area of 4-in.-thickdetectors
is 352 in.2, comparedto 370 in.2for the Previewcounterin the 747-A Building. Preliminary
measurementson adult male subjectsin the new countershoweda 15% lowerefficiencyfor
measuring_K inthe body. This lowerefficiencyis due partlyto the lower cross-sectional
area of the detectorsand partlyto the collimatingeffect of the shielding,which does not exist
in the Previewcounter. The backgroundinthe 4°K peak was 33% lower. This lower
backgroundis probablybecause thatthere are only six glass photomultipliertubes on the
detectorsof the new counter,whereasthe Previewcounterhas 27.

,t

3.3 SPECIALSTUDIES

I

3.3.1 Chest Counting Studies

Measurementswere made of the241Am phantomthat includeshalf of the skeleton from
a whole-body donor to the U.S. TransuraniumRegistry. The measurementswill be used to
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verifyskeletal activitycontributionsto anteriorchestand livermeasurements. Preliminary
anteriormeasurementsof the LLNLphantom loaded withliveractivity (Z41Am)were madeto
estimatethe count rate contributionfrom the liverto the count rate over the chest.

Preliminarymeasurementswere also made to comparethe countrates obtainedfrom anterior
and posteriormeasurementswith a phantomand a humansubject. The ratioof anteriorto
posteriormeasurementsof the LLNLphantomloaded with lungactivity was 1.21, compared
withthe anteriorto posteriorratioof 0.91 for a known lungdepositioncase. The differenceis
at leastpartiallydue to the lack of scapulae inthe phantom. The data for the humansubjecta

seemto indicatethat a highercountrate can be obtainedusingthe posteriorcounting
configurationcomparedto the anteriorposition. However,the effectsof differencesbetween
the activity,distributionin the phantomand the subject, as wellas the effectof the counting
geometryon the count rate, have not been accountedfor.

3.3.2 Evaluationof RadionuclideUbrarvand Peak SearchRoutines

The resultsof the peak searchroutinefor the germaniumdetectionsystemswere
reviewedto identifythose peaks presentin the backgroundspectraas well as in the human
spectra. The peaks presentin both spectrawere identified. A procedurewas writtento
improvethe measurementqualitycontrolthroughongoing evaluationof the spectrumwhile it
is accumulating,to review4°Kvaluesfor total body results,and to identifypeaks that may
indicatethe presence of unexpectedradioactivematerialin the body.

3.3.3 Maintenanceof the PlanarGermaniumDetectors

The reliabilityof the planargermaniumdetectorshas been greatlyimprovedas a result
of the aggressivemaintenanceprogramconductedduringthe lasttwo years. Sixdetectors
were operationalin both ceils usedfor routinechest countsduring95% of the year. The
improvementin the detectors'performancecan be attributedto severalmeasures:

• greatlyimprovedvacuumvessel integrityresultingfrom the use of a replacementhelium
leak detection systemand valveoperatorsto achieve bettervacuum

i • the use of a new bondingagent and evacuationof the bonding agent before

; applicationto removeair bubbles
I

• • components that have provento be morereliablethan the originaldetector
: components

• • thermalcyclingat roomand highertemperaturesto regeneratethe charcoaltrap in the
vacuumvessel
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* the use of a shotky powerdiode as a liquid nitrogensensorto providemore reliable
automaticfillingof the detectors.

3.3.4 Phant.omLibrary

In 1991, the administrativeproceduresfor loaningphantomsto DOE facilitieswere
developed. A database was set up to containdescriptionsand data for each of the
phantomsin the currentinventory;a seconddatabasepackage was procuredand willbe
installedand put into routineuse in 19_2. A schedulingand trackingsystem for the loan of
the phantomswas also developed. The designof a catalogof the availablephantomswas
startedand willbe completedin 1992. Problemswere encounteredwiththe formulationof
the polyurethanefillerfor makingsolidbottlemanikinabsorptionphantoms.

3.4 PRESENTAT|ONS

Lynch,T. P. 1991. "Hanford In Vivo CountingProgram." Presentedat the 1991 Department
of EnergyIntercalibrationCommittee LungCountingWorkshop,February11-14, LasVegas,
Nevada.

Lynch,T. P. 1991. "ImprovingIn Vivo CalibrationPhantoms." Presentedat the 37thAnnual
Conferenceon Bioassay,Analyticaland EnvironmentalRadiochemistry,October 7-11, 199',,
Ottawa,Canada.

3.5 _PUBLICATIONS

Lynch,T. P., and H. E. Palmer. 1991. "InVivo Measurementsof Am-241 in the Lung."
Chapterwrittenfor InternationalAtomicEnergyAgencybook on invivo measurements.

Mays,C. W., R. L. Aamodt, K. G. W. Inn, D. R. Brown, R. R. Greenberg,V. G. lyengar, FoJ.
Schima, L. S. Slaback,J. W. Tracy, K. L. Mossman,and T. P. Lynch. 1991. "ExternalGamma
Ray Countingof Selected Tissues from a ThorotrastPatient." Acceptedfor publicationin
HealthPhysic.

Palmer,H. E., G. A. Rieksts,andT. P. Lynch. 1991. "Performanceof an Arrayof Large-
Volume GermaniumDetectorsfor Whole-BodyCounting." Health PhvSics61(5):595-600.

o
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3.6 PROGRAM-RELATEDPFIOFESSIONALACTIVITIES

Lynch,T. P. -. Memberof ASTM Task Group E-10.04-27for developinga standardon the
estimationof low-energyphoton-emittersin a wound. In 1991, an Initialdraft chapter,
"Calibrationand Standardization,"was prepared.

Lynch,T. P..- Chairmanof the ANSi N13.30 workinggroup to developa standardfor the
, bottlemanikinabsorptionphantom. An outlinefor the standardwas developedand the initial

meetingof the workinggroup was held in Ottawaduringthe BioassayConference.

==
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4.0 HANFOR.DEXTERNAL,DOSIMETRYPROGRAM

The HanfordExternalDosimetryProgramis a multifacetedeffortinvolvingali Hanford
contractors. Dose-of-recordinformationfrom externalradiationfor Hanfordpersonnelis
providedby thisprogramin compliancewiththe requirementsof the DOE, as set forth in

DOE Order 5480.11 (1988a) and DOE Order5480.15 (1987a). Programdosimeterresultsare
used by contractorpersonnelto project, control,and measureradiationdoses receivedby.b

personnel. Programstaffalso providesitewidenuclearaccidentdosimetryto complywith
DOE Order 5480.11 requirementsand environmentaldosimetryto support PNL andWHC

, EnvironmentalSurveillancePrograms.

4.1 .EXTERNALPEREQRMANCETESTING EVALUATIONS

Externalevaluationof ExternalDosimetryProgramreported doseswas conducted in
two ways during 1991, by WHC submittingmonthlyblindaudit dosimetersand by DOELAP
formaldosimeter performancetesting.

4.1.1 WHC AuditDosimeters

WestinghouseHanfordCompany routinelyst_bmitsseveralaudit dosimetersto be
processedalong with theirpersonneldosimeters. The PNL ExternalDosimetryProgram
successfullypassedeach monthlyblind audit dosimeterevaluaiionconducted by WHC during
1991. The programalso passedeach of the quarterlyevaluationsconductedby WHC using
the DOELAPmethodologyand criteria. Duringthe entireyear, there were only two reported
audit doses outsideof establishedtolerancelimitsforthe DOELAPaccreditedtesting
categories. The resultsof these audits are providedby WHC to the HanfordRadiation
ProtectionHistoricalFiles.

=

4.1.2 DO_ELAPPerformanceTestina

I
' The PacificNorthwest Laboratoryreceivedaccreditationunder inthe DOELAPprogram
, during1989, consistentwiththe requirementsof DOE Order5480.15. During1991, retesting

of Hanford basic, beta/photon,and multipurposedosimeterswas begun to obtain
I reaccreditation. Afteran applicationfor testingwas submittedto RL duringOctober1990,
i ' PNLwas scheduledby the DOELAPPerformanceTestingAdministratorto begin testing
I duringMarch 1991, and was InformedduringOctober1991 that lt was successful.The
I . resultsshowed significantimprovementin PNL'sperformancein the 1991 DOELAP

performancetesting,comparedto the testingdone in 1989. Table 4.1 showsa comparison
PNL performancebetween 1989 and 1991 in ali tested categories. An onsitetechnical
programappraisalwill be conducted during1992.

4.1
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_. PNL Performancein DOELAPPerformanceTesting
in CY 1989 and 1991

Numberof Categories
PerformanceIndex 1__ 1991

0 - 5% 1 6

+ 5-10 6 8 ,

10-10 4 9

15-20 4 4 .

>20 11 0

A performanceindexof lessthan 30% is necessaryto passthe sirlgle exposuretests
and 40% for the mixedexposurecategories. Achievingno performance indexgreaterthan
20% for any tested categoryis evidenc_that processingstaffaremaintaininga high level of
qualitycontrolin the processingprocedures,the dosimeters,and the readersystems.

4.1.3 Comarj2_j_nof 1989 and 1991 D.0ELAPTested Algorithms

Beforethe implementationof the 1991-testedalgorithm,a comparisonwas made
betweencalculateddoseswiththe new and existingalgorithm(i.e., algorithmtested in 1989).
These resultswere presentedto the HanfordPersonnelDosimetryAdvisoryCommitteeto
obtaintheirconcurrenceinthe use of the new algorithm.(=) The comparisonshowedlittle
differencein Individualdose. There was an expectedsmallvariationinthe cumulativedose
becauseof the differencein dose-reportrngprotocolbetween Hanfordand DOELAP. The
DOELAPdoses are reported to the nearestmrem. Hanfordhas useda procedurefor many
yearsto round dosesto the nearestmultipleof 10 mrem. Basedon the approvalof the

: committee,the new algorithmwas implementedwiththe January 1992 dosimeterprocessing.
: At the requestof the committee,a letterwas writtento the DOELAPPerformanceTesting

i Administratorinformingthem of thischange.

I +
i (a) Fix,J.J. 1992. "Minutesof HanfordPersonnelDosimetryAdvisoryCommitteeMeetingon January 23, 1992." Letterto Distribution,dated January27, 1992. Copy in the

i HanfordRadiationProtectionHistoricalFiles, PacificNorthwestLaboratory,Richland,

Washington.
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4.2 R_OUTINE PROG_M_

4.2.1 Routineprocessing

During1991, PNL processedapproximately168,712 personneldosimeters. This total
Includesthe processingof 87,044 personneldosimeters(i.e.,dosimetersactuallyworn by
personnel)forwhich an officialdose was reportedto the HRRP. ((',Hficlaldoses included

, "zero"results.) Summariesof the minimum,maximum,and averagemonthlyprocessing
volumefor each personneldosimetertype are shownin Table 4.2. The maximumprocessing
volume(24,895 dosimeters)occurredduringJanuary1991 and includedannuallyexchanged

' basic and multipurposedosimeters.

Total processingof 160,712dosimetersvastlyexceedsthe 87,044 officiaidose results
reportedbecauseof qualitycontrolpracticesused to ensurethe accuracyof the reported
personneldose. Such qualitycontrolpracticesIncluded

• processinga minimumof two qualitycontroldosimeterswithinevery50
personneldosimeters,and withevery 25 dosimeterswhen determiningchip
sensitivityfactors

• reprocessingbefore issuingany personneldosimetertl_athas been storedmore
than 75 daysto minimizeenvironmentaldose buildup

i! • reprocessingany dosimeterwith an observedreadercountgr_)aterthan 650

i counts in any dosimeterposition
lt
IL • conductingacceptancetestingof new dosimeterinsertsand holders
-tl

i_ * updatingchipsensitivityfactors for dosimeters(i.e., requiringtwo processings:
I beforeand after irradiation).
i

TABLE 4.2. Personnel DosimetersProcessedDuring 1991
i

- MonthlyProcessinQ _
t

Dosimeter M_ Maximum Averaae AnnualTotal

Basic 797 10,151 2,424 29,089
t

Beta/photon 1 144 68 820

Multipurpose 2,179 9,731 3,542 42,498

Extremity 863 1,526 1,200

, Total 87,044

--
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Each year numerousinternalaudit dosimetersare processedto ensurethe integrityof
dosimeterprocessing. During 1991, a total of 3257 internalaudit dosimeterswere processed.
A breakdownof the internalaudit dosimetersis shown In Table 4.3. Controlchartsare used
to evaluatethe resultsfor each of the audit dosimetercategories. Chartsare preparedfor
everydosimeterand radiationtype for each of the 17 dosimeterprocessings(monthly,
quarterly,and annually)conductedeach year. A qualitycontrolreport is preparedforeach
processing. Copiesare distributedto ali Hanfordcontractorradiation protection
organizationsas well as the Hanford RadiationProtectionHistoricalFiles. Copiesof the
controlcharts are also providedto the HistoricalFiles.

4.2.2 _ReportingSelectedNeutron..Dose Resultswitha Note Code 53

Only one change in routinepracticeoccurredduring 1991. Thischangewas presented
to the Hanford PersonnelDosimetryAdvisory Committeeand involvedthe automated
reportingof dosimeterresultsfor nel_ron spectradeterminedto be too thermalized,based on
the responseof the dosimeter.(=) ExternalDosimetrystaffmodifiedqualitycontrolcodes to
automatically1) flag dosimeterresultswith a "NoteCode 53"to indicatea too-thermalized
neutronspectrumincidentand 2) calculatethe neutrondose usingthe historicalalgorithm.
ExternalDosimetrystafffurtherreviewtheseresultsand prepare lettersconcerningthe
evaluationfor each individual'sexposure historyfile. During1991, a total of 410 resultswere
flagged with a Note Code 53 for this reason. The determinationof Note Code 53 resultsis
based on a compari3onof the observeddosimeterresponseprofileobtainedfrom exposure
to a bare ZS2Cfsource and the sigmapile.

.TABLE4,3. AuditDosimetersProcessedDuring 1_o91

_. Dose Cateaorv(a)

Dosimeter Shallow Dee_._ _ Neutron Blank

Basic NA 400 NA 180

Beta/photon 130 65 NA NA

Multipurpose 41g 498 549 686

Rings NA 330 NA Controls
q

(a) NA = not applicable.
i :

(a) Fix, J.J. 1991. "Minutesof HanfordPersonnelDosimetryAdvisoryCommittee Meeting
on January9, 1991." Letterto Distribution,dated January18, 1991. Copy inthe Hanford
RadLationProtectionHistoricalFiles, PacificNorthwestLaboratory,Richland,Washington.
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Specifically,if the ratioof (Chip3 - Chip 5)/(Chip 4 + Chip 5) exceeds a value of 1.38,
the resultis flagged as a Note Code 53. The criterionof 1.38 is based on the calculated
3-sigmavariationof the ratio observedfrom exposureof the dosimetersto bare 2S2Cfsource.
A letterwas preparedfor each recordreportedwith a Note Code 53 flag. A copy of this letter
is placed in the individual'sexposurehistoryfile.

Consistentwith past practices,ExternalDosimetrystaffroutinelyidentifyabnormal
, dosimeterresultswith a Note Code 53 wheneverthe dosimeterdata cannot be used directly

to calculatedose. Forexample,dosimetersmay be returnedwith missingchips becauseof
torn Teflon or unacceptableenvironr_entalcontamination(i.e.,dirt,oil, etc.) dudng

" processing. In each of thesecases,a specialevaluationis conductedand documented.
During1991, a total of 111 resultswere flagged witha Note Code 53 for this reason. If
ExternalDosimetrystaff can confidentlyestimatethe dose received,a dose is calculatedand

} reportedwiththe Note Code 53 flag. A letterdescribingthe evaluationis providedto the
I individual'sexposurehistoryfile. In the eventthat ExternalDosimetrystaffcannot estimatea

_:_ dose, the resultis givena Note Code 50 and a letteris sent to the contractor'sradiation
!t' protectionstafffor theiruse in conductingan evaluationof the dose to be recorded. In this
_1 case, a copy of the contractor'sinvestigationis placed inthe affectedIndividual'sexposure
;, histow file,
:it

ill, 4.3 _SUPPORTINGEVALUATIONS

_,.,veralstudieswere conductedduring1991 on selectedaspectsof the dosimetry
program.

_.3.1 Analysisof Lowe.rLevelof Detection

An analysisof the lowerlevelof detectionfor the Hanforddosimetrysystemwas
conductedusingestimatesfor the deep dose (Lo). Calculatedvalueswere based on the
methodpresentedby L, D. Cumj (1968), and the method recentlypublishedby Robersonand
Carlson(1992). The resultsof thisanalysiswere as follows:

i Robersonand Carlsonmethod
| DOELAPTest DosimeterResults Lo = 3.10 mrem

:._ . Dosed and blank controlcard results Lo = 3.10 mremCurrymethod

}i Dosed and blankcontrolcard results = 4.25 mremLo
- p-=

:_ The analysisused data for the multipurposedosimeterexposedto 137Csgamma radiation.
J Basedon this information,effortsare underway to develop reportingprotocolfor shallow,
:1 deep, and neutrondosesto the nearestmremabove a defineddetection or thresholdvalue.
i

t
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4.3.2 FieldMeasurements

A significantcontributionto the studiesof neutrondose assessmentin Hanfordwork
environmentswas completedduring1991 with the publicationof ResponseOfTLD-Albedo
apd NuciQ_rTrack DosimetersExposedto PlutoniumSources,PNL-7881 (Brackenbushet al.
1991). This reportcomplementsearlierstudiesconductedat Hanfordsince the inceptionof
operationsin the mid-1940s (see Wilsonet al. 1990). These studiesshowed,for the source
Irradiations,that the CR-39 track-etchdosimetersprovidedmore accuratedoses overthe
entirespectrumof sourceconfigurations.The doses calculatedwiththe track-etchdosimeter
compared closelywith the tissueequivalentproportionalcounter (TEPC)measurements. The
doseswere lowerthan those obtainedwith the Hanfordalbedo dosimeterusing eitherthe
simplifiedor historicalalgorithms. For the highlythermalizedfields(i.e.,obtained using
sourceconfigurationswith Plexiglassshielding),the dose could be overestimatedusingthe
simplifiedalgorithmby an orderof magnitude.

4.3.3 Ha_d CombinationAlbedoand Track-Etch.D._osimeters

DuringDecember1990, seven employeeswere selected to receivea combination
Hanfordalbedo and track-etchdosimetersthroughout1991. The dosimeterswere exchanged
monthlyfor ali employees. The resultsobtainedfrom the studyfor each monthlyexchange
periodextendingfrom December 1990 throughDecember 1991 havebeen analyzed. Dose
calculationfrom the Hanfordalbedo dosimeterwas based on the simplifiedalgorithmused
since 1989 or on the historicalalgorithm. The historicalalgorithmwas used exclusivelyfrom
1972 to 1989 and selectivelysince1989, dependingon the dosimeterresponse;whenever
the historicalalgorithmwas used, the recordreceiveda Note Code 53 flag,

The resultscalculatedfor the CR-39track-etchdosimeterwere significantlylowerthan
the albedo dosimeterresults,usingeitherthe simplifiedor historicalalgorithm. However,it is
importantthat informationin Brackenbushet al. (1991) be used in the interpretationof this
information, lt is knownthat the thermoluminescentdosimeter (TLD)overestimatesthe dose
for a significantlythermalizedfieldand the CR-39 probably underestimatesthe dose. lt is
apparentthat the neutronfield is oftensignificantlythermalizedfor the sevenemployees
includedin thisstudy.

The relationshipbetweenthe TLD and CR-39 dosimeterresultsbecomeserraticbelowa
TLD-measureddose of about 30 mrem. There is an inherent problemwiththe CR-39
dosimeterresultsfor these low doses because of the relativelylarge backgroundcount for
the individualfoils. When the combinationTLD/CR-39 dosimeteris usedin the future, current
plansare to evaluatethe CR-39 dosimetersonlywhen the TLD resultis greaterthan a stated
level,assumedto be 50 mremat this time,to ensurethat the CR-39dosimeterwould provide
beneficialinformation. Some considerationmust also be givento the effectsof thermalization
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of the neutronspectrum,as measured withthe TLD. The commercialneutronalbedo
dosimeter(due fordistributionin CY 1994) willprovidemore spectralinformationthan the
current albedo dosimeter.

4.3.4 .GlowCurveAna_sis

Alidosimeterresultsare examinedby computercodes, which examinecharacteristics
, of the glowcurvesobtainedfor each dosimeterposition. The codes are capableof detecting

abnormal curves involvingfluorescenceof dirtor chemicalcontamination(e.g., oil, etc.), noise
during initialchip processing,unaccept-able residualat the end of chip processing,and

' delay of the glowcurve peak. This capabilityhas been extremelyusefulinevaluating
dosimeterprocessingequipmentand the dosimeters. Forexample,a delayin the glow curve
peak may Indicatethat the dosimetershouldbe removedfrom servicebecauseof fatigue in
the Teflon enclosure. The glow curvesare maintainedfor a periodof 18 monthsfor use in
respondingto any questionsof processingintegrity.

4.3.5 Pe_rmance TestinQof Reader Systemsto 500 Rad

During 199i, the performanceof the automatedreadersystemswas characterizedto
500 rad to ensurecompliancewith DOE Order5480.15. An improvedprocedurewas
developed to calculateradiationdose when exposuresexceed 10 R. The methodinvolves
usingthe glow curve data collectedfor each dosimeterprocessed. The readercount in each
channel of the glow curve is correctedfor countingdead time. A revisedintegratedcountfor
the entire glow curve for each dosimeterpositionis determinedby summingthe corrected
countfor each channel. Thereafter,dose assessmentis conductedusing routineprocedures.

Withoutcorrection,the reader systemsreportdoses 3-6% low at a givendose of
50 rem and 25-35% low for a givendose of 500 rem. The dead time correctionfactorof
6.15 x 10.7 usedpreviouslyappearsto be within± 10% of any value determinedfrom current
data. The uncorrectedand correcteddose valuesare shownin Figure4.1. Improved
performanceresultedfrom calculationsusingeach channelof the glowcurve for the chip in
positionnumber2 of the dosimeter,insteadof usingthe integralvaluesprovidedby the
readersystem. However,differencesbetweenthe previousand improvedmethodsare
greaterthan 10%. This methodwas usedto recalculatethe 1991 DOELAPperformance
testingdata. The originaland recalculatedresultsare shown in Figure4.1. The standard

• error betweendose calculatedwith the new dead-timecorrectionfactor and the given dose is
about 5%.

4.7

................................... I_1I',' ',1......... lille'_ ' ' '111" ,1 'illmlIIIP.....,,,=at'_,qlllllrll',' _1 ,r,, _1111,_iIl_,r ',lr a!l PlI'll'lr'" ,, rIiiil,',,lll,elf1=,



I UncorrectedCalibrationData
20-

i DOELAPTestResults,(Correctedwitllolddeadtimecorrectionfactor)

-/_ Resutsusingnewdeadtimecorrectionfactor

0-
oi ,_ I L I I I ! I
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2

LogREM s_204023.1
F!GURE4.1. Correctedand UncorrectedDose Responsefor Hanford

AutomatedReader System

4,3.6 Ultra_oletResponseof HanfordDosimeters

An interestingevaluationwas performedduring1991 involvingseeminglyinexplicable
sporadicshallowdose resultsbetween 10 and 200 mrem for a specificgroup of welders.
Althoughthe doseswere relativelylow, no reporteddosewas expected. An examinationof
the dosimeterdata showedan abnormalpatternof chipdata, possiblyindicatingbeta
radiationexposureof only low penetratingenergy. Onlythe lightlyshieldedchip in position
number 1 of the multipurposedosimetershowedany response. The glow curveswere
compatiblewiththe patternexpected from radiationexposure.

Duringthe investigation,it was learnedthat occasionallythe dosimeterswere worn
improperlywithouta securitycredential, lt was suspectedthat the measuredchip signalwas
the result of ultraviolet(UV) exposureof the chip in theopen window (e.g., position
number 1). An experimentwas conductedin whichdosimetersin severaldifferent
configurationswere exposedduringtypical welding operations. The averagedistance
betweenthe arc and the dosimeterwas about 41 cm (16 in.). The resultsof these
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experimentsshowed conclusively,based on the patternof dosimeterresponseand the glow
curves,that the responsewas a directresultof UV exposurefrom the welding. Any material,
includingthe transparentmultipurposedosimeterholder,was capableof completelyblocking
the UV exposure.

4.4 OOCUMENTATION

Formaldocumentationof the HanfordExternalDosimetryProgramis containedin two
PNL manuals:

• Locationof CriticalityAlarmsand NuclearAccidentDosimeters,at Hanford, PNL-MA-583.

• Hanford ExternalDosimetryProaram,PNL-MA-568.

In additionto these documents,the E,xternaiDosimetryProgramstaffmaintainseight internal
technicaldocuments describingthe design,algorithm,calibration,and dose response
characteristicsof the differentdosimetersas well as proceduresfor evaluatingthe nuclear
accidentand environmentaldosimeters:

Volume I Baumgartner,W. V., QualityAssuranc.e,1991
Volume li Endres,A. W., PersonnelDosimeterFeatures,Calibrationand Dose

Assessment,1991
Volume III Schur,J. A., Data Processina,1991
Volume IV Reese, S. R., Nucle_arA_cci__dentD_qsimetry,1992
VolumeV Baumgartner,W. V., Dosimete.rReaderSystems,1991
VolumeVI Endres,A. W., FieldMeasurements,1991
Volume VII Endres,A. W., EnvironmentalDosimetry,1992
VolumeVIII Peters,J. D., LaboratorvProcedures,1992.

These documentsare used to administerthe -ExternalDosimetryProgram. In addition,letter
reportsare prepared and submittedto the HanfordPersonnelDosimetryAdvisoryCommittee
for reviewand commentfor significantprogramissues. Copies are includedin the minutesof
these committeemeetingsand providedto the HanfordRadiationProtectionHistoricalFiles.

0

4.5 PUBLICATIONS

• Brackenbush,L. W., W. V. Baumgartner,and J. J. Fix. 1991. Responseof TLD-Albedoand
NuclearTrack DosimetersExposedto PlutoniumSources. PNL-7881,PacificNorthwest
Laboratory,Richland,Washington.
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Fix,Jr J., and E. S. Gilbert. 1991. "Consistencyof ExternalDosimetryin Epidemiologic
Studiesof NuclearWorkers." ORNL/TM-11881,Proceedingsof theThirdConferenceon
RadiationProtectionand DosimeW, October1991.

Fix,J.J. 1991. "HanfordPersonnelNeutronDosimetry Problemsand Solutions." In
Proceedingsof the 1lth DOE Workshopon Neutron Dosimetry,June 4-6, 1991, LasVegas,
Nevada.

4.6 _ROG_M-RELATED PROFESSIONALACTIVITIES
q

Fix, J. J.-Chairman of DOE ComprehensiveEpidemiologtcData Resourcedosimetryworking
group.

Fix,J. J.-Chairman of DOELAPOversightBoard,as identifiedin DOE Order 5480:_J5,
"Departmentof Energy LaboratoryAccreditationProgramfor PersonnelDosimetry."

Fix,J. J.-Member of DOE ad hoc workinggroup to developextremitydosimeterperformance
standard.

Fix,J. J.--Memberof HealthPhysicsSocietyStandardsCommitteeWorkingGroups: to revise
ANSi N319, "PersonnelNeutron Dosimeters(NeutronEnergiesLessThan 20 MEV)";to
prepare PlanCo55, "How to Estimatethe OverallAccuracy in OccupationalDose
Determinations";to reviseANSI N545, "AmericanNational StandardPerformance,Testing,and
ProceduralSpecificationsfor The_TnoluminescentDosimetry(EnvironmentalApplications)";
and to prepare ANSI N13.29, "Criteriafor TestingEnvironmentalDosimeterPerformance."

Fix, J. J.-Mernber of ad hoc dosimetryworkinggroup to supportInternationalAgency for
Researchon Cancer project to pool existingepidemiologicalstudies.
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5.0 INSTRUMENTCALIBRATIONAND EVALUATIONPROGRAM

The operationof a completeradiationprotectioninstrumentprogramis an integralpart
of the Hanford Siteradiationprotectionprogram. The InstrumentCalibrationand Evaluation
Programprovidesa completeradiationprotectioninstrumentservice,thereby providingthe
Hanfordcontractorswitha reliableand accurateInstrumentationpool capable of performing

, at the level necessaryto ensure personnelsafety,as requiredby DOE Order 5480.11 (1990)
and RLIP5480.11 (1991). Calibrationsare performedusingthe guidancein ANSI N323-1978
(ANSI 1978). The routineprogramactivitiesfellunderthe four base tasks that composedthe

, CY 1991 program: 1) the routineportableinstrumentpool, 2) the HanfordInstrument
EvaluationProgram,3) the calibrationof WHC 200-Area continuousair monitors(CAMs),and
4) the testingand evaluationof new-generationCAMs.

5.1 ROUTINEPROGRAM

The routineprogramprovidesa completeradiationprotectioninstrumentprogram.
A pool of portableand semi-portableradiationprotectionInstrumentationis maintainedfor
contractoruse. Maintenanceof the instrumentpool involvesprocuringnew and replacement
instruments;overseeingan instrumentpickupand deliveryservice;maintainingcalibration
records;and surveying,decontaminating,maintaining,and calibratinginstruments.The
routineprogramalso includesthe following:

• maintainingthe traceabilityof radiologicaland electroniccalibrationsystemsto the NIST

® operatinga programto service radiationprotectionemergencykits

• modifyingand updatingwrittencalibrationproceduresas new instrumentsare
introducedand calibrationtechniquesare improved

• procuring,acceptance-testing,calibrating,anddistributingpencildosimeters

• performingspecificationdevelopmentandacceptancetestingon ali Instruments
purchasedfor pool use and as requiredby Hanfordcontractors

° fabricatingand certifyinginstrumentperformancecheck sourcesfor Hanford
contractors.

5.1



5.1.1 RoutinePortable.InstrumentPool

Table 5.1 illustratesthe usage of portable instrumentson the Hanford Site during
CY 1991. Listedare instrumenttypes, the numberof instruments,and the percentof the total
numberof instrumentsfor each contractor(i.e., PNL, KEH,and theWHC 100, 200, and
300/400 Areas). The instrumenttypes are describedin detailin PNL-MA-562.(=)

During 1991, a numberof new Instrumentswere procuredto replace instruments
damaged or buriedas a resultof contamination.A totedof 30 EberlineModel RO-3B cutle
pies (CPs) were procured. One-hundredBicroncount-ratemeterswere edsoreceived. One-
hundredpancake probesworefabricatedby PNL CraftServicepersonneland are nowin the
Instrumentpool.

As part of a completeportable Instrumentprogram,design and procurementwere
Initiatedfor multirange,check-sourcedevicesto verifythe calibrationof instrumentsinthe
field. Check-sourcedevicesfor the Geiger-Mueller(GM) pancakesurveymeters,the portable
alpha monitors(PAMs),and the microREM,low-rangegammasurvey meterswere specified
for procurement. To complementthese devicesand the existingHanfordSite instrument
check sources,a programto ar'_uallyverifyand recertifythe check sourceswas established.
The program'ssource calibratio capabilitieshave been significantlyupgradedto allowfor
the recertificationof sources, vr tee countingsystemswillprovidethis sourcecertification
service: a windowlesspropo'¢lonaldetector;a proportionalportalmonitordetector;and a
newlyprocuredlarge-areafi()w-throughproportionalcountingsystem.

5.1.2 HanfordInstrumentEvaluationPror_E.a.m

The Hanford InstrumentEvaluationCommittee (HIEC) providesa Hanfordinter-
contractorinformationexchangethat allowsthe highostquality portable and semi-portable
radiologicalprotection instrumentationprogramto be maintainedat Hanford. Responsibilities
of the committee include:

• discussingand proposingsolutionsto ongoingor potentialradiologicalinstrumentation
problemsand needs onsite

• identifyingnew radiologicalinstrumentationavailablefrom manufacturersthat may be
usefulto the HanfordSite operations

• overseeingthe procurementof the instrumentsand reviewingthe evaluationsof the
performanceby contractororganizations

L

(a) PacificNorthwestLaboratory(PNL). RadiationProtectionInstrumentManual(Internal
Manual). PNL-MA-562,Richland,Washington.
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• establishingor reviewingminimumacceptableoperationalcriteriafor portableand semi-
portableradiologicalInstrumentationusedfor safety on the HanfordSite

• promotinginformationexchangebetweencontractorson radiologicalprotection
Instrumentationusage and problems/rasolutions.

Representativesfrom ali of the Hanfordcontractorsand a representativeof DOE are on this
commi_ee.

5.1.3 Calibrationof WHC _)O-Area A!phaContinuousA!r Monitors
f

In August1990, PNl. began to calibrate100% of the WHC 200-Area alpha CAMs. This
completed a transitioninitiatedin a letterdistributedin September1989 fromA. J. Rizzo,
AssistantManagerfor Operations (RL.),to J. E. Nolan,Presidentof WHC. The letterstated
that a transferof all alpha-CAMcalibrationresponsibilityfrom the 200 Areasto PNL was to
take place by December31, 1989. DuringCY 1991, the assumptionof all the alpha CAMs
was completed. PacificNorthwestLaboratoryworkedcloselywithWHC to integrate WHC
alphaCAMs intothe existingPNl. alpha-CAMcalibrationprogram. Detailedservicehistories
were started on the CAMsto trendand detect substandardperformance.

5.1.4 Testingand Evaluationof a New-GenerationAlohaContinuousAir Monitors

Continuousair monitorsare an integralpart of Hanford safetyprogramsdesignedto
protect workersfrom airborneradioactivematerials. However,because of the strongand
highlyvariablenatureof naturalradonbackgroundsat many Hanfordfacilities,it has been
impracticalto operateexistingplantalphaCAMs at the 8 DAC-hoursensitivityrequiredby

_, DOE Order5480.11, due to excessivefalse alarmrates. As a result,a joint PNL/WHC effort
has been initiatedto evaluateand fieldtest a new generationof alpha CAM that has greater411

| backgrounddiscriminatingcapabilitiesthan instrumentscurrentlyin use.

i 5.2 SUPPORTINGINVESTIGATIONAND STUDIES
| The InstrumentCalibrationand EvaluationGrouphas also performeda seriesof
i laboratoryandfield teststo determinethe abilityof Hanford's portablesurveyinstrumentsto

detect radioactivesurface contamination.This semi-empiricalstudyhas combined ,
instrumental,statistical,and human factors as necessary to derive operationaldetectionlimits.
The data obtainedfrom these studieshave been condensedand extendedto allowderived
thresholddetectionvaluesto be directlycomparedto existingcontaminationcontrol
requirementsestablishedby DOE Order5840.11. The resultsof this evaluationwere
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presentedtotheHanfordk_t_-umentatlonForum,and technicalreviewcomments were
sollcltedfromItsmembers, A finaltechnicalreportwas preparedand presentedattheDOE
RadiatlonProtectionConference,heldinKnoxville,Tennessee,on August27-29,1991,

5.3 PRESENTATIONS.

• Goles, R.W. 1991. "MinimumDetectableActivitiesof PortableContaminationControlSurvey
Instruments.' Presentedat the DOE RadiationProtectionConfet_mce,August26-29, 1991,
Knoxville,Tennessee.

5.4 PROGRAM-RELATEDPROFESSIONALACTIVITIES

D, M. Fleming-Member of Task Group4, writinga NationalCouncilon RadiationProtection
and Measurements(NCRP) Handbook, entitled,"Calibrationof SurveyInstrumentsfor the
Assessmentof IonizingRadiationFieldsand RadioactiveSurface Contamination."
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6.0 RADIATIONSTANDARDSANDCALIBRATIONSPROJECT

The RadiationStandardsand Calibrations(RS&C)Projectmaintainsradiological
standards,special instrumentand dosimeterresponse-characterizingequipment,and
calibrationdata-handlingequipmentat Hanford. Thisactivityprovidesthe meansto charac-
terize responseto variousradiationfieldsencounteredat Hanfordand ensuresthat calibration

, fields are describedin accordancewith recommendedstandardsand guides, lt also includes
QA responsibilitiesfor routinecalibrationof instrumentsand dosimeters. The project routinely

• reviewscalibrationstandards,regulations,and handbooks

• ensuresthat the calibrationsproceduresusedare in agreementwithtechnically
accepted methods

• maintainsbasic radioactivesourcesand instrumentsthat serveas radiological
standards

• providestraceabilityof the calibrationsourcesto the NIST

• maintainsa data managementsystemfor instrumentrepairand calibrationrecords.

ProjectactivitiesconductedduringCY 1991 are discussedin the followingsections.

6.1 ROUT_I.NEPROGRAM

The project's routineprogramcomprisestwo majorfunctions: 1) maintenanceof
radiologicalstandardsand capabilitiesand 2) maintenanceof a computerizeddata
managementsystem.

6.1.1 Standardsand Capabilities

The radiologicalstandardsar,d capabilitiesmaintainedfor the variousentitiesof
HanfordRadiologicalProtectionSupportServicesincludegamma,beta, and neutronisotopic

' sourcesand x-ray generatingdevices. These standardsand capabilitiesare configuredto
deliverwell knownand easily reproducedquantitiesof radiationdose or exposureto
environmentalor personneldosimetersand instrumentsfor providingNIST-traceablecalibra-
tion and/or responsecharacterization. Photonand beta sourcesare periodically
intercomparedwiththe NIST througheithertransferstandard instrumentssubmittedby the
NIST or from direct measurementsby NIST personnelwithinthe PNLfacility. Neutron
sourcesundergo direct calibrationat the NIST facilitybefore being placed into serviceat PNL.

6.1
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Gamma Ray PhotonSourqes

Availablephoton sources includevariousactivitiesof 137Csand e°Co configuredin
eithercol,mated-besm, weil,or open fieldgeometries,and a single241Amsource configured
for irradiation_na 2_cgeometry,as listedinTable 6.1.

The "open"sources listedinTable 6.1 are placed in the center of a circular,aluminum
table vie a pneumaticair system. Two discretedistancesto the sourceare typically v

characterized. "Beam"sources,exceptfor No. 318-131, provide a continuumof exposure
rat6s by using a targetpositioningstand locatedon a slidingrail system. Source No. 318-
131 also includesa movesble target stand, but is typicallycharacterizedand used onlyat two
positions: 1 and 3 meters. Target (instrumentand/or dosimt_ter)placementfor the most
commonlyusedpositionswithinthese beamirradiationfacilitiesis enhanced by laser

TABLE6.1. AvailablePhoton lsotopl,c Sources

NominalRate/Range, Locationin Fleference PrimaryPhoton
Geometry _r._r__. IdB_J._L._j__.31 _ NO. Energy.MEV_.

............... =)Co ...............

Well 0.006 - 2.000 Rm. 121 318-027 1.17/1.33

Open 2 / 7 Rm. 106 318-164 1.17/1.33

Beam 10 - 300 Rm. 8 318-037 1.17/1.33

Beam 90 - 3000 Rra. 8 318-036 1.17/1.33

.............. 137Cs ...............

Well 0.002 - 0.100 Rra. 121 318-031 0.662

Well 0.040 - 10.000 Rra. 121 318-030 0.662

Beam 0.100 - 30.000 Rra. 8 318-040 0.662

Open 0.400 / 2.000 Rm. 106 318-001 0.662

Beam 1 - 300 Rm_8 318 _344 0.662

Open 1 / 8 Rra. 106 318029 0.662 .

_ Beam 3 / 30 Rm. 6 318-131 0.662

-_ . . 241AITI

!
Open (2_) O.125 Rm. 5 318-184 0.060

i

i
i

S
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alignment. "Weil"sourcesalso proviclea continuumof exposureratesand facilitate
instrumentadjustmentsdudng Irradiationwithoutundue exposureto personnel. Source-to-
target distanceis controlledby movingthe sourceson a trolleysystemup and downwithin
the well (see Figure6.1), via computer interface.

X-ray Phot0_)S0urces

. Two identicalPhillipsModel-324x-raymachinesare currentlyin use to supportthe
RS&C Program. One machineproducesbremsstrahlung(broad)photon spectra(e.g., NIST
techniquesM30, M50, H150, etc.), andthe other is configuredto facilitateproductionof K-

' fluorescencetechnique(narrow)secondaryphotonspectra (see Figure6.2) withina shielded
enclosure,knownas a "HOG"(see Figure6.3). Table 6.2 providesa complete listingof
availabletechniquesandtheir characteristics.Bothof these systemsuse a laseralignment
systemto aid intarget (instrument/dosimeter)positioning.

Ali gamma photonsourcesundergoannualcalibrationsand quarterlyconstancy
checks. Selectea a°Coand 137Cssourcesand x-raytechniquesundergoperiodic
intercomperisonsto similarphoton sources/techniquesat the NISTthroughthe use of a
suitabletransferinstrument. Each radiat,onfield is assessedat the most commonlyused
positions.

\ /
'\ /

\ /
\ 1

Instrument Trolley \ /

m _" Eye Level

Lead ....14 CM ,_,,_/''',_ \\ s _"_,",:ii,,:i_,._..,_Tape''?"Z'=,',,,__.
:':::':.J :,-;'!:!,',......,..

Sou r c e *_ ':> ::,:,%.)/ / :."'..S'S
.i..:_:.,/,,i'_ii//..:.:

.,,:..,.'..,,.;,/ • ,,...,.

Lead e CH e-,,.., _" /
..':....:.:!,/:#

F:Loor :( / /, ....
_),::'.....', :

Concrete 15 CM i

)

E!G.URE6.1.. Typical Calibra,ttonWell
1
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_, AvailableX-ray PrK_tonTechniques(=)

Average/ HaJf-Value
EffectiveEnergy, Layer, Homogene_y Nominal Rate/

keV m,mAI_. ; Ranae.
............. Bremsstrahlung.............

M20 12.8 0.150 0.790 2.9- 288.6
• _'..'_3:_ ........ .':_::_:_Z.'_:;P:';';'_......... .' • • , .:_'_..p.:,''::_;_: _ ".' .x ,'_.;_:_.:._,_:_.:.:_ ;.'.;,_.'_':_:.:._:;.:'.,.." "_._.:..' -_.;_._.':._::;._.

•_.,_.._

_._j_ __'_ _'."__,"._,_._._
'.'.'t._'-'>X__,_','__Y;I:.:_._.,..':;._I_}_ _ _'_1_ ::_':"_'._}Z'_:_i_;_g'.:_}}_'_i_'_"_!:_ :_}j{i_!}_!i_

;_ _l_:,.'_'...' ._...'._','.'_.'._.._.:,'.'.:.:.'.'.'_.:, .._...,; ." :.:...:'..'.,,:.'..:.'.:
•,:...... :.:,:.:.....:,;,::_':"_,:;.:..,:.:p

_i.r.:_,.__._ __'.'ZI:':_:'._:_:_,_:_:-_._:___"_::':':_".:.,:..._'_._ _.._ ..._._:.:.'...... .,.......... ...,_..._,.:._._..:.,:..,_:..__.:_,._.._.....::::::::::::::::::::::::::_.......................:.....:...,_,

_ ":;_;:i:_.:'::i::::::_.}'::::_'..:'_i!_'_j_$/.ji_:::::i_!:i ii!_:i!:_::":_::":_J!i__.:_'::::"_.::'!i!_:::}_!i _!!:!!_!il

M200 84 N/A N/A 4.3 - 431.0

_.:_._ ":_,_;:_:_::.::j_::_j{._:_::_._:::::.,.::_:_._.'.::-_._._:::_:_::._::::.._.,._._;:_::::::::._::_:......_:::::::::::::::::::::::::::::::::::::::::,::._.,_...._'::".._:.._,_:....:.. ::._::.::_:_.:.:::::•, ,, .. ,,:::,,_,g .: ..._,::;,..: ;:.:.:.:1::

::_::_::_:_':_:::_l::::: _:.:"._.":_o._::_:_:_._;:.:.'.Z_J__:.;_.:_,.,_.::_':_:"::'.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::__:_.___:__._,_i:::+:.'.x_,_:_i_j_:_:%;'!_'_'__::_:_._:_'_.-_.'._.:==================================================_:_._i_._":_'::'_:........_:_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_::''_::::::::::::::::::::::::::::::::::::::::::::_:::,'::_:::_:::i.:.::::::::.....

HSO 38 N/A N/A 0.05 - 9.40

HIO0 70 13.47 0.964 0.02 - 3.07

_,;_;`.;_;:_:::_.;:::_:::_:_::;;;;_:_::_;:;:;:_::::::_.::._;_._ ;: :::::;; :::::::::;:::_::;:::::;;;:;:;:.';::: _:::_:::_::_::;:: :;:::;::::::;: :;::: :_ :: :_ :; i:i :.:: i ; ;:_;:: _ ; :_i!:_ i :i: _:_ i:::i: :::!:'i >J! i:
H200 167 20.22 0.994 0.09 - 9.22

i H250 210 22.48 0.987 0.09 - 8.50

H3(X) 252 23.87 0.898 0.06 - 5.63

............. K-fluorescence.............

Zinc 8.6 N/A N/A 20.43

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.,:::..::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=============================================================================================::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Tin 25.3 N/A N/A 3.74

Cesium 31,0 N/A N/A 1.5C

_marium 40.1 N/A N/A 1.51

Erbium 49.1 N/A N/A 0.86

• iliiiiiii!!iiiiiiii_:"_::":"::':::'ii_}iiii!!iiiliii:iiiiiiili}:}ii!ili}}il})..........:"i}i}iiiiiii.l_ii!!i}ii}ii}iiii.}iiiii!i!iiiiiiiiii..........ii_!!!iilli!{ii.i,il.i}.i.li.,i.ii}!]i.i.ii}.._. ii,,..ii.i...i......}.}.i.......i.,,i.i.I......._ i'l .....................

i ' (a) Routinecalibrationma_,_tnsd onlyfor the shaded techniques.II
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NeutronSources

Two configurationsof 2_C'f neutronsourcesare available. The first includestwo
sourcesof differentactivitiesplacedwithinthe pneumaticsystem Identifiedfor the photon
sources listed_bove. When used, these sourcesare placed roughlyin the geometriccenter
of a room 10-m wide, 14-m long, and 8.8-m high,to create a low-scatterenvironment. Both
sources may be used bare or moderatedby a sphereof deuteriatedwater (D20) with a radius
of 15 cm and coveredby 0.051 cm of cadmium. These provide neutronfieldsusefulfor
instrumentcalibrationsas well as for dosimetercharacterizationin accordancewith
speclflcatlonsof DOE/EH-0027, "Departmentof EnergyStandard for the PerformanceTesting
of PersonnelDosimetrySystems,"and ANSI N13.1I, "AmericanNationalStandardfor
Dosimetry-PersonnelDosimetryPerformance-Criterlafor Testing." Sourceswere calibratedat
the NIST, and dose rates are verifiedon a quarterlybasisusing a laboratorytransferstandard
surveyinstrument.

The secondconfigurationincludesa third_2Cf source placedin a well to facilitateeasy
accessfor instrumentcalibration. Thissourceprovidesa fissionspectrumpartiallydegraded
by the significantscatteringfrom the sidesof the weil. Becausesimplyaccountingfor the
decay of the source is not sufficientwithinthisgeometry,each calendarquarter thissource is
providedwith new calibrationdose equivalentrates at key referencepointsusingthe
laboratorytransferstandardsurveyinstrument.

B.B_etaParticleSources

Beta particlesources(_:_1"1,147pm,and 9°Sr_, containedin a semi-automatedirradia-
tion jig system,are providedprimarilyfor dosimetrycharacterization.These "point"sources,
withthe exceptionof 147Pm,have historicallybeen calibrateddirectlyby NIST personnelor via
transferstandardintercemparisonwith NIS'i'. Currently,no periodicin-housecalibrationor
verificationproceduresare established. The 147pmsource is generallytoo weak to assess
with currentlyavailableinstruments.Therefore,the absorbeddose rate providedfor this
source is as stated by the manufa_urerand verifiedupon initialreceiptusinga laboratory
standard extrapolationchamber.

Severaladditionalsourcesof each nuclideare availableand have been comparedto
those sourcesmaintainedvia NIST intercomparison.While these sourcescontainmuch the
same quantitiesas the directlytraceable sources,somesubtletiesexistin manufactured
geometry and encapsulation. Measurementson someof these sourceshave been made to
verifysatisfactoryfields,in accordancewithANSI N13.11 (ANSI 1983), DOE/EH-O027(DOE
1986)_and ISO 6980 (ISO 1991).
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6.1.2 Calibrationsand ConstancyChecks

A_Iannual and quarterlycalibrationswere completedas scheduled in 1991. The laTCs,
°°Co, and 241Amphotonsourcecalibrationswere comparedto the originallyestablisheddose
ratescorrectedfor decay and, withthe exceptionof annualcalibrationsfor sourcesNos. 318-

: 027 and 318-031, ali were within¢2% of those establishedvalues (see Table 6.3). As a resultI
; of annual calibrationdifferencesin sourcesNo. 318-027 and 318-031 (wells4 and 1,I

. respectively),appropriateadjustmentswere made withinthe computerizedoperatingsystems!

to reflectthe assessedexposurerates. These deviationsresultedfromvariousmaintenance
i activitiesperformedon the wells beforecalibration. Measurementsfor'the 2S2Cfwellsource
, " were also performed as scheduledbut were not comparedto the originalNIST-calibrated

valuesince geometryfactorsseverely affectthe dose rates.

6.1.3 M.easurementQualityAssurance

At the end of CY 1991, photon measurementqualityassurance (MQA) effortswere in
progress. In-housemeasurementswere performedfor gamma isotopicsourcesand selected
higherenergy x-raytechniques(greaterthan about35-keV averageenergy),usinga Capintec
PM-30 transferstandard. A new transferstandardwas purchased,especiallyfor low-energy
photon measurements.The new device (see Figure6.4) is rugged and expectedto function
well as a transferstandard,which requiresregularshippingacrossthe country.
Measurementsof PNL low-energyphotonsusingthis instrumentand ali of the comparative
measurementsat the NIST usingboth transferstandardswillcontinueinto early1992.

Aftermany delaysdue to personneland organizationalchanges at the NIST, an
abbreviatedbeta MQA intercomparisonwas performed,derivedfrom the transferstandard
methodology usedin 1986. Measurementsfrom similarNIST and PNL sources,using a NIST-
owned PTW-2047transmissionchamber,agreed within±5%. Althoughthisagreementis
consideredsatisfactoryby the NIST and by existingin-houseprocedures,MQAagreement
from previousyearswas muchbetter. Therefore,althoughthe task is consideredcomplete,
effortscontinueto identifythe reasonfor the increasederror.

6.1.4 improvementsto Standardsand Capabilities

Plansdevelopedin 1990 for modifyingthe placementand removalsystemfor the D20

ii ' sphere used in the low-scatterneutronirradiationfacilitywere implemented. The previous

practiceof placingthe sphereon the sourcepositionwas extremelydifficult,due to the

. weight of the sphere,and requireddirect contactwiththe potentiallytoxiccadmiumshell.
The modificationsincludedconstructionof a storageassembly,placingan additionaltrack
assemblyon the accesstower for the storageassembly,and adding a jack assemblyfor

raisingthe sphere into and loweringit out of itsirradiationorientation. (See Figure6.5.)
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TABLE6.3. CalibrationPerformanceSummary(=)

Averaoeof Measured/KnownExposureRates

Source No. Queer 1 Quarter_2. Quarter3 _Quarter4

l_Cs

318001 1.000 ::.,.:.<..+._.:.::"::,: ++.+_.....+_++.:.+++ o.m+8 o.sgo_.+++..!i+N_i+
, ," ' ," ::::,:,':':3,',',:;:,,.:.,

318-029 0.997 +ii_§__i_:_++_:+>: 1.006 0.984
:._._.M:+p,+<'+_.++P,._.:+.%+:'.'+:_::.'_:::++:+::;:,.+.',_:::_+:

t_:+_!!+: ++:+::+_.:!:i::_:+_318-030 O.999 __i_:<_<i'_++'_:+++_+ _:_+_++;+'::+++:_+++_+:++.+ :_+_+:+:+_,++;_+:+_1.014 1.005
itii++i+ii/tiiiMii_++itti++iiii!+iii_Mii!!if+Mi;:
i+i_+:++_+j+..+.'++' +'+ . .,+.:+;_i..:'._++i++i+i+i+i+++

:.>:.,::_:_:_:p,:._.... :::_<.:::::._._.:_ _+:_:p._._,::::::::
',:::,.,:,':,_,:,_:, ,:::,...,,,. ... ,:;::,..::.:::_,,:.',...'.:::_.+,::._',_..:::' . :_,'_$+._.:_-:_318-040 1.003 :.:++::<_:_+_:__i_im_i_++__ 1.004 1.003:::::::::.._:::_!::::.+'.<<_._..+.:i_._.+.::.<:::._:::::_.._._

3"_8-o44 1,oos ....:..:........._.. . +:......._+.003 I. 005::::::_:::::_::::_. _ :_:_::::_:.<.<+::
::_. :: _._ _..:,'..:_i+._:_. ::.::

a1_-lal i+iIi+ii!+iilI!lil_+!++ii+++++i+li+o.m+1 I.oo_ 1.oo+,
.......... e0Co..........

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

ma-oas _.oo7 i!i!!iiiiiiii+i!_ii_+iltil+iftiI_'_ _'_
31,,-o+, ,.o0,
+.,8.164 o.,+, ++++++i+iI+++++++I. 006 0. 984

.......... ro+Am..........

318-I+,++i+++++++++++++.,.o03 1.oo8 .,.o.,4

(a) Annual calibrationsare shaded.

6.1.5 Maintenanceof the Data ManagementSystem

The instrumenttrackingsystemincludesan HP 9000 computer,its peripherals,and the
data managementsoftware. Alisoftwareused inthe HanfordRadiologicalProtectionSupport
Servicesis writtenin-houseusingthe HP ALLBASE/HP-UXdatabasesystem. Thissoftware
accessesand is used to create the databasesCAUB, PENCIL,and OLDCAL,originally
combinedas the single databaseCALDB,to track the routinemaintenance,repair,and
calibrationof radiationmonitoringequipmentas well as to identifyand locate information.As
part of the effortto integratea new disk driveand increasesystemperformance,the CALDB
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database was split between two databaseswith the primary database, CALIB, maintaining
only the most recent 10 calibrations for each instrument. Prior calibration records, accessed
only occasionally,were placed into an auxiliary database, OLDCAL. By transferring much of
the historical calibration data to the auxiliary database, the rates of data storage and of
retrieval and search processes were improved. PENCIL is used to track personnel pencil
(self-reading) dosimeters and can be used to create lists of "calibration-due" in:;truments.

6.1.6 Improvementsto the Data Manaqement S_

Two hardware upgradeswere introducedto improvethe systemcapability. A second
670-Mb hard disk driveunit has been added to the systemto expandthe data storage
capacity. Duringmuch of the year before its installment,the singleexistingdiskwas used at
approximately95% capacity,whichleft littleroomfor additionaldata storageand caused data
searchroutinesto proceed slowly. Ali databaseswere placed on the new diskdrive unitwith
the existingdrivereservedfor programstorage.

The second hardware improvement involved the integration of a 650-Mb magneto-
optical (MO) disk drive. This unit was added to help facilitate the routine backup of the
database and auxiliary programs. Before adding this system, backup was made to magnetic

, tape cartridge and required several hour:;_to perform. With the new MO system, backups
take approximately 1 hour and the entire contents currently existing on both hard disks will fit
on a single MO disk. Based on accelerated life tests for the MO disks, the expectedz

(conservative) lifetime for data retention is 10 years; however, current practices call for weekly
• system backups.
I
!
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FIGURE 6.5. Placement, Removal, and Storage Assembly for

the 252CfSource D20 Moderating Sphere
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Trainingwas initiatedfor an assistantsystemadministrator,beginningin late 1991, to
adequatelycover the systemoperationin case of prolongedor untimelyabsence of the
primarysystemadministrator.

A change in organizationalsupportwas also made regardingthe database
managementtask. Beginningin September,thistask becamesupported directlyby Plant-
wide Services. This changewas made because of insufficientjustificationfor maintainingthe

. same independencefrom Instrument/dosimetercalibrationtasks as neededfor source
calibrationtasks. Conversely,directsupport to/fromPlant-wideServicesis expectedto
improvethe line of communicationnecessaryto adequatelyfocusthe refinementof the

' database operations.

6.2 SUPPORTINGINVESTIGATIONSAND STUDIES

The 1.47-mg 2_Cf source (sourceno. 318-167) placedintothe pneumaticsysteminthe
low-scatterneutronexposurefacilitywas the suspectedcause of elevated neutron
backgroundlevelsrecordedon some personneldosimetersusedfor unrelated(i.e., non-
neutron)testing in nearbyareas. This source,installedin 1989, replaced a sourcemore than
5 yearsold that had decayedsigniflcanUy.In 1990, initialmeasurementsof adjacentrooms
and haUwaysusing a SNOOPYneutronsurveymeterindicatedno measurableevidenceof
elevatedneutron backgrounds. However,TLDs placed inthe adjacentcontrolroom and
withinthe x-rayfacilityon the level belowthisarea did indicatean increasedneutron
background,as did tissueequivalentproportionalcounter (TEPC)measurements.

ExtensivefoUow-upmeasurementswere performedwithinthe controlroomand the
x-ray facility, located belowthe neutronirradiationarea, usinga directionalneutrondetector.
These measurementsindicatedthat an above-backgroundneutronfieldwas penetratingthe
ceilingof the control roomandcomingthroughfloor ventsinthe low-scatterfacility,which
lead indirectlyinto the x-rayfacility. Correctiveactionplanswere developedto reduce the
elevatedneutronlevelsin theseexternalareasthroughthe placementof additionalshielding
at criticalpoints. Installationof the necessaryshieldingis expectedduring 1992.
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7.0 HANFORDRADIOLOGICALRECORDSpROGRAM

The HRRP supportsRLand Hanfordcontractorradiationprotectionprogramsby
preservingand administeringradiologicalexposurerecordsfor ali Hanfordworkersand
visitors,past and present. The programis also responsiblefor the HanfordRadiation
ProtectionHistoricalFiles. Programpersonneloperate the computersystemsand library

• equipmentnecessaryto input, store,and retrievethe recordsand produce the required
reports.

' The recordsprogramusesthe OREsystem,which includesa databasewiththe
personnelexposuredata that are readilyretrievablevia a systemof personalcomputers(PCs)
andterminals. The ORE systemalso includesali of the supportingexposure documentation
on microfilmthat is Indexedinto a computer-assistedretrieval(CAR)system. The CAR
systemallowsfor rapidretrievalof the documentsfor any individualusingidentifiers,suchas
payrollnumbers,socialsecuritynumbers,and names. A databaseadministrationfunction
performssystemevaluations,troubleshooting,resolutionof systemand user problems,
trainingof users, oversightof systemsecurity,and initiationandtestingof modificationsto the
database.

The historicalrecordsincludedocumentssuch as policies,procedures,reports, and
importantcommunicationsthat definethe Hanfordradiologicaldosimetryand radiation
protectionprogramsduring itshistory. The historicalrecordsare microfilmedand indexed
intoa secondCAR system. These recordsare retrievableby author,date or range of dates,
documentnumber (if applicable),title, and up to three keywords.

The programis operated under the applicablesectionsof ANSI N13.6-1972 (ANSI
1972), and under DOE Orders1300.1, 1324.2A,5480.11, and 5484.1 Chg. 3 (1980, 1988b,
1988a, 1987b) as assignedby the HanfordSite ServicesHandbook(RL 1983). lt also
complieswiththe applicablesectionsof the PrivacyACt(1974) and the Freedom of
InformationAct (1966).

7.1 ROUTINEPROGRAM

The HRRP is organizedintothree majorfunctionalareas: data handling,report
issuance,and the library. Bothdata handlingand report issuanceare performed by the

, RadiologicalRecordsData ProcessingCenter.

Data-handlingincludesenteringdata intothe ORE databaseand validatingali data
entry. Validationis accomplishedby establishingauditsto be matchedto entriesof results,
resolvingunmatchedresults,and interactingdirectlywith contractorpersonnel. Data-handling

7.1
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also includesdealingdirectlywiththe contractorpersonneland data suppliersto assistthem
and solve data problems.

i

ReportIssuanceincludesgeneratingand issuingroutineexposurestatus reportsto the
contractors,quarterlymanrem and annualstatisticalreportsto DOE, annual reportsto
employees,and specialreportsrequestedbyformeremployees,as well as those requested
by the contractorsand RI_ This functionrequiresclose contactwith RL,the contractors,and
other personneldosimetryfunctions. t

The librarymaintainsindividualexposurerecordsthat are not reducibleto database
elementsas wen as the HanfordRadiationProtectionHistoricalFiles. The librarystafffileand
retrievecurrenthard-copydocuments,preparedocuments for long-termstorage,and track
and accountfor the documentsthroughthe microfilmingand indexingprocess. The library
containsthe individualexposurerecordsof ali Hanfordpersonnelsince 1945 (almostfive-
millionmicroforms).There are also someexposurerecordsremainingfrom the Hanford
DuPontera. These andthe HistoricalFilemicroformsare retrievablethroughtwo CAR
systemsthat are maintainedby the librarystaff.

Althoughthe resultsfromthe dosimeterand excretaprocessing,as well as the in vivo
counts,are receivedby electronictransmissionor magnetictape, a large amountof data that
are placed in the records are receivedin hard copyform. Thesedata are enteredmanually
by the Data ProcessingCenterstaff. The hard copiesare then sent to the libraryfor entry
into the CAR system. Table 7.1 presentsCY 1991 statisticalinformationon many of the
documentsthat are entered intothe databaseand microfilmedand indexed intothe CAR
system.

Because the ORE systemis being redeveloped,changesto the databaseare being
limitedto those necessaryto keep the systemfunctional,those requiredby additionsor
changesto DOE Orders, or those that reduce costs. The onlysignificantpermanentchange
that was made duringCY 1991 was the programmingof a periodicdownloadof certain
exposuredata to the HEHF for use by the physicians.

The interimExcretaBioassayProgramcausedsome changesin the records program.
Programmingchangesto OREwere requiredbecauseof

• changing examinationrequirements
• splittingcertainsamples between differentinterimlaboratories
• adding new laboratorycodes
• allowingdownloadsfrom ORE to IDPto access data needed for interimlaboratories
• allowinguploadingof resultsfrom IDP throughPCs to ORE
• accountingfor sampleslostat the contracttermination.

7.2
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Considerableeffortwas requiredby HRRPstaff to schedulemanuallyand to resolverejects.
The ORE was then reprogrammedto handlethe electronicfeeds to and from thi_new
laboratorywhen the contractwas let.

A DosimetryRecordsUbrary Desk Proceduremanualwas completedand issued
internally. This manualwillbe used by the recordslibrarystaffto performtheir duties.

TABLE7.1. RecordsActivityfor CY 1991

" Document Number

PersonalRadiationExposureHistoryForm(usedto document 3,915
exposurehistorypriorto Hanford)

Employeeand DosimetryChange Forms(usedto document 6,521
personnelor dosimetrychanges)

Employeeand DosimetryChange Forms(usedto document 2,731
employeeterminations)

TemporaryDosimeterAssignmentForms(usedfor visitorsand 21,143
subcontractorsas wellas employeeswho forgottheirdosimeters)

Investigationof DosimeterResultFormsand Change Letters(used 1,747
to estimateexposurefor lost,damaged, or otherwisesuspect
dosimeterresults)

SpecialProcessForms(used to documentdata for specially 4,397
processeddosimeters)

:. Requestfor SpecialExcretaSampleAnalyses(used to initiate 4,694
| the collectionof samplesfor analysis)

Requestsfor ExposureSummaries(summariesrequestedfor current 1,467
and prior Hanfordemployees)

Letters Sentto RequestPriorExposure(to requestsummariesfor 1,104
new employeeswith priorexposure)

Microfilmreels indexedinto CAR (personneland historical 33
documents,each reel containingover2000 images)
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7,2 SuPpORTING TASKS

Allocationswere receivedin FY 1990 for the start of the ORE redevelopmenteffort.
Allocationsfor continuingthe projectwere receivedin FY 1991. The effort willtake over two
years and contain four mainphases. As originallyconceived,these phases included:

1. Systemsrequirementsanalysis- This analysis involvesdefiningthe requirements_r the
new system. The anal/sis involvesinteractionwith alithe usersand data suppli
determinetheir needs. From thiseffort, a requirementsdocument is producedthat is
used as the basis for designingand constructingthe new system.

2. Preliminarydesign - This step inthe redevelopmentfollowsand is based on the
requirementsanalysis, lt includesthe developmentof the functionalspecificationsfor
the new system,an alternativesanalysis,and the productionof an alternativesanalysis
document• The alternativesanalysiswilldeterminethe hardware/softwareapplication
that willbest suit the requirements.This phasealso includesthe finalcost/benefit
analysis,as wellas schedulesand plansfor the detaileddesignand construction,
verification,installation,and startup phases.

3. Detaileddesignand construction- This phase includesthe detaileddesign and
programmingof the new systemdefinedinthe previoustwo phasesand is expected to
take at least 12 months. The detaileddesign portic; will includetasks such as the
functionalsystemdesign;programdesign;design testingand analysis;developmentof
systemtest, certificationtest, and acceptancetest plans;developmentof a conversion
plan; and developmentof a trainingplan. The constructionportion will includetasks
suchas coding;unit, integration,and systemstesting;and developmentof conver_':_._,,
and acceptance test materials.

4. Certificationand implementation- This phase includesconversionof data from the old
to the new systemand certificationthat the installationis correct. Correctinstallation
willbe verifiedby modular,integration,and systemstesting. Once testinghas shown
the new systemmeetsthe acceptance criteria,parallelrunsof the new systemwillbe
conducted withthe old ORE. When a successfulparallelrun has been completed,the
new systemwillbe establishedas the productionsystem. Trainingof records
personneland users is included.

The systemrequirementsanalysisphasewas completedduringCY 1990. The preliminary
designphase was startedduringCY 1990 and continuedintoCY 1991.

The alternativesanalysisprocessrevieweda numberof possiblehardwareand software
alternatives. Four were selected for detailedanalysis:

7.4
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. LSIS/DB2,wl_ichuses IBM's relationaldatabase managementsystem(RDBMS)on the
HanfordLarge Scale InformationSystemNAS ¢080 mainframe(LSIS)underan MVS/XA
operatingsystem

• Sybaseand client serverarchitecture,u_inga NetFrame NF-200serverrunningthe
Mlcrosoft/SybaseSQL Server in an 08/2 environmentand PCs using DOS for front-end
ussr interface

• ORACLERDBMS, runningon a SequentSymmoW 827 parallelprocessing
minicomputerin a software/hardwareenvironmentdedicated to REX, usingthe DYNIX

- (a variantof UNIX) operatingsystem '

• ORACLERDBMS,runningon a Compaq SystemProhigh-endsupermicrocomputer
, usinga UNIX-basedoperating system.

_. The final recommendationof the alternativesanalysis,acceptedby the Steering
Committee,was the LSIS/DB2option. The recommendationwas based on the successthat
thissystemhas experiencedat Hanford. The L.SIS/DB2environmentprovidesproven

_ productionon-line transactionprocessingand report-generationcapabilities;a carefully
controlleddata security,access, and integritymechanism;and the abih:'/to effectivelyinteract
with otherPC, minicomputer,and mainframe-basedapplications. The costof implementation
on the LSIS/_B2 systemis the lowestof the alternatives. However,its,operatingexpense is
higherover a 5-year periodthan the otheralternatives. The studyrecommendedthat the
make.or-breakinfluencesof enhanced systemfunctionality,support,arid servicewillmore
than offsetthe differencesin cost.(=)

- A 2-rnonthplanningphase was added to the scheduleat the end of the preliminary
design phase. Duringthisphase, the acceptancecriteriaand a pr_ _Jctp_anwere completed.
The acceptance criteriawillbe the basisfor the tcstplans.(b) Th_,Phase i SoftwareProject
ManagementPlan was completedand accepted. This plan dMded the softwaredesign and
coding activitiesinto tasks of fewer than 80 pemon-hours. The planshowedthat it would
take 14 monthsto corr'_letethe detaileddesign and con,,,'rucfionphase. 7_is, added to a
delay in completionof the alternativesanalysisand the aCditIonof the planningphase,
increasedthe originallengthof the projectby six months, implementationwas anticipatedto
be in November1992.

=

,=

_j_ r.m ........ :_-- ,L, , " _:. _ -_u,=,-.,=,._

(a) Seesing,P. R., E. F. Tatbott,and R. Car_tera. 1,991..Radiation._LF__.p_9_JreSystem (RE_
__,__. Boeing Computer S_r_ces-Richiand, Richland, Washington.

- (h) Tatb_tt, E. F. 1991. REXSystemAcce¢_ta_c_e__Crtter!a.Wh_-$D-GN-CR-3001, Rev. O,
Boeing Computer Services-Richland,R_chla_d,Wam.h_ngton.
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The ORE RedevelopmentSteeringCommitteedecidedthat the _w systemwillbe
named "REX"for RadiaUonExposureSystem. This namewas formal_ rQgistered.

The detaileddesign and constructionphasewas startedand continuedthroughthe end
of the CY 1991. HanfordRadiologicalRecordsProgrampersonnel,incluOingthe database
administratorand contractordosimetryrecords personnel,were involvedin the design effort.
There has been conslderableuser inputto the project.

The project managerfrom BCSRleftand was replaced inAugust,requiringa new
schedule,with anticipatedimplementationstillNovember1992. The principalchange was
adoption of a deslgn/buildmode of developmentwhich delaysthe completionof the software
design document (SDD) untilcompletionof the phase;the SDD was originallyto be
completedand approvedbeforeconstructionstarted. The SDD sectionswillbe approvedas
each is completed beforethat moduleis coded. As there appeared to be requirementslisted
in severaldocuments,a requirementstraceabilitymatrixwas draftedto assureall the
requirementsare listedin a singledocument. The matrixwas developedfrom the
requirementsdocument,the _dternativesanalysisdocument,and the minutesof the ORE
RedevelopmentSteeringCommitteemeetings.

An agreementwas reachedwith BCSRthat the projectwouldfall underPNL QA
proceduresandthat HRRP wouldperformtheconfigurationmanagementfunctions. A QA
Plan and SoftwareConfigurationManagementPlanwere negotiatedbetweenHRRP and
BCSR.

7.3 __OPTICAL DISK SUBSYSTEM.

A feasibilitystudyfor a laseroptical disk (LOD)subsystemto interfacewith REXwas
writtenin 1990 and approvedfor acquisitionin FY 1992. A requirementsdocumentwas
completedin 1991. The REXsystemis being designedaroundthe use of electronic
transactionrecords,which will replacemanyof the paper recordsnow used. The volumeof
these records will create the need for large amountsof data storage. Insteadof storingthese
recordson the database,which can use considerablecapacity and be costly, theywill be
storedor_a LOD subsystem. Electronicrecordswillbe transferredregularlyfrom the LSIS
computer and recorded on write-once/read.manyLODs. In addition,the remainingpaper
records can be scanned and recordedon the disks. Ali recordswillbe indexedinto e

database for automatedretrieval. The LOD systemwill he operated by the HRRPlibrarystaff,
and HRRP is providingproject management.
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7.4 PRESENTATIONS

, Martin,J. B., and M. Lyon. 1991. "Deficiencieslr=RadiationProtectionRecordsSystems."
Presentedat the Health PhysicsSociety MidyearTopicalMeeting,Raleigh,NorthCarolina,
January 21-24, 1991. Also publishedin J_mplsmental;Ioq.ofCurrentNCRP and IcRP Guidan_q__ce
and Revised !0 CFR Part 20. Proceedingsof the TwenW-fo_._h MiclyearTop!_alMeetingof
the Health PhysicsSociety,North Carolina Chapterof the Health PhysicsSociety,Raleigh,
North Carolina.

Lyon,M., and J. B, Martin. 1991. "AutomatingRadiationProtectionRecordsSystems.=
• Presentedat the Thirty-SixthAnnual Meetingof the HealthPhysicsSociety,Washington,DC,

July 21-26, 1991.

Seestng,P. R. 1991. "NormalizingRecords Data for RelationalDatabases.' Presentedat the
InternationalMeetingof theAssociationfor Records Managersand Administrators,Orlando,
Florida,September23-26, 1991. Also publishedin Proqeedinasof the ARMA International
36rh A_nnualConference,Orlando,Florida.

Lyor=,M., and J. B. Martin. 1991. "AutomatingOccupationalProtectionR_cordsSystems."
Pre_entedat the ThirtiethHanfordSymposiumon Healthand the Environment,CurrentTopics
in OccupationalHealth, Richland,Washington,October29-November1, 1991. Alsoto be
publishedin the meetingproceedings,whichwillbe a supplementaryissueof
O.._c.=cuDationala.ndEnvironmenta_Hy_, pJbllshed bythe AmericanConferenceof
GovernmentalIndustrialHygienistsin 1992.

'7.5 PRQ.GRAM-RELATED....PROFESSICNALACTIVITIES

I.yon, M.-Chairman of the Health Physics Society Standards Committee Working Group to
review ANSI N13.6, Amed¢,anStandardPractic.efor Occupational Radiation_posure Records
Systems.
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