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SUMMARY

This reportprovidessummaryresultsof the CY 1991 As LowAs Reasonably

Achievable(ALARA) Programat the PacificNorthwestLaboratory(PNL).(a) This report
includesinformationregardingwhole-bodyexposuresto radiation,skincontaminations,

and the nonradiologicaiALARAprogram.

The collectivewhole-bodyradiationdoseto employeesduring1991 was 0.52
person-sievert(52 person-re_).(b) This dosewas 74% of the projecteddose of 0.70

person-sievert(70 person-rem),anda significantreductionfromthe 1990 collective

doseof 0.68 personsievert(68 person-rem).The dosimetrysection projectedthat one

PNL employee'sdosewouldexceed0.02 sievert (2 rem) based on dosimeters

processedduringthe year, but noworkeractuallyexceeded0.02 sievert (2 rem) by the
endof CY 1991.

There were 13 reportedcases of skincontaminationfor PNL employeesduring
1991. This numberis 43% of the projectedtotalof 30 cases. Five of these cases

(38%) occurredat the 324 Building.

Linemanagementmadeprogressduring1991 onthe implementationof ALARA

asevidencedby the developmentof challengingand productiveALARA goalsby the

operationalorganizations.Linemanagementcompletedali goalsthat couldbe

completedthroughthe effortsof the organizationsinvolved. AppendixA describe_the

final statusof the 1991 ALARA goals. AppendixB describesthe radiologicalALARA
goalsfor 1992.

The Occupationaland RadiologicalSafety and RadiationProtectionsectionsof

the LaboratorySafety Departmentperformauditsof radiologicalALARA requirements
routinelyfor specificfacilitieswith significantpotentialfor causingexposures. These

(a) The PacificNorthwestLaboratoryis operatedby BattelleMemorial Institutefor

the U.S. Departmentof EnergyundercontractDE-AC_5-76RLO 1830.

(b) The dosimetryrecordsbase the collectivewhole-bodydose on dose to

compliancedosimeter-wearingPNL staffon-siteonly. Aliother data,

discussions,conclusions,etc. in this report includebothon-siteandoff-site
information.
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ALARA auditsare partof a comprehensivesafetyauditof the facility,designedto
evaluateand improvetotalsafety performance.

The injuryaccidentrates indicatethat PNL protectedstaffmembers and the

publicfromunacceptableexposureto nonradiologicalhazards.The motorvehicle

accidentand lossrates increasedslightly,butonlytworeportablemotorvehicle

accidentsoccurredin 1991. There was one PNL fire in 1991 that resultedin damage.

Starting in 1988, the IndustrialHealthand Safety Groupof the LaboratorySafety

Departmentbegan publishingaccidentdata and ratesfor each centeron a quarterly

basis,allowingmanagementto monitorsafetyperformanceparametersin their
organization.
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I. INTRODUCTION

The concept of maintaining exposures to radiation as low as possible (ALAP)
was first introduced formally in 1954 by the National Committee on Radiation

Protection. DOE 5480.11, "Radiation Protection for Occupational Workers,"

establishes requirements for DOE contractor ALARA programs and references Health

PhysicsManualof GoodPracticesfor ReducingRadiationExposuresto Levels that are

As LowAs ReasonablyAchievable(ALARA),whichdescribespossibleelementsof
ALARA programs.

ALARA is a factor considered in ali PNL projects. Section10.0 of PNL-MA-6,

RadiationProte.ction,prOvidesinformation¢ PNL'sradiologicalALARA program. PNL

trainsali radiationworkersinALARA ideas andtechniques. The purposeof this report

is to summarizeanddocumentactivities,accomplishmentsand resultsof safety

parametersinvolvedinthe ALARA ProgramduringCY 1991.

At PNL, applying the ALARA philosophy is not limitedto nuclear and radiological

hazards;PNL applies the ALARA conceptto a wide varietyof hazards, including

exposureto hazardouschemicalsand physicalhazards (lasers, noise,etc.). Line
managementmakesexposuresto chemicalsALARA by substitutinglesshazardous

chemicals,usingengineeringcontrolssuchas ventilationor containment,and using

administrativecontrolsand personalprotectiveequipment. Laboratorymanagement

reducesexposureto physicalhazardssuchas lasersor rotatingequipment by sepa-

ratingpeoplefromthe hazardthroughthe useof timing,distancingor shieldingand/or

guarding. PNL-MA-43, IndustrialHy.qiene,OccupationalSafetyand Fire Protection

Proarams,is the PNL documentcontrollingsuchwork.

The Occupationaland RadiologicalSafety Sectionof the LaboratorySafety

Departmentadministersthe ALARA Programthroughthe PNL ALARA Coordinator.

The researchand operationalorganizationsdevelopALARA goals;the ALARA

coordinatorreviewsthese goalsand trackstheir progressthroughoutthe year. The

ALARA repoi, displaysgoalsand their statusinAppendixA;the CY 1992 radiological
goalsare in AppendixB. Linemanagementimplementsthe ALARA programswith

trainingin manytopicsbeingprovidedfor their staffby LaboratorySafety and other
organizations.



II. RADIOLOGICAL ALAPJk

This sectionsummarizesperformanceof PNL under the portionof the ALARA

Programthat dealswith radiologicalconcerns, lt includesinformationon radiation

dosesandskincontaminationsand identifiesthe organizationswiththe highestdoses.

RadiationExposure

Staffmembersat PNL facilitieson the HanfordSite monitoredfor compliance

with DOE 5480.11 (i.e., multipurposedosimeterwearers) receiveda totalof 0.52

person-sievert(52 person-rem)inCY 1991. At the beginningof the year, the ALARA

Coordinatorprojected0.70 person-sievert(70 person-rem),basedon planned

activities,primarilythose in the 324 and325 Buildings.

ExposureTrends

The ALARA Coordinatoranalyzed the distributionof doses among the staff.
Figure I showsthe distributionof dosesamongstaffmembersmonitoredfor

compliancewith DOE 5480.11 (multipurposedosimeterwearers). The mostfrequently

occurringdose for staffmembersduring1991 was 0 millisievert(0 millirem). The

averagedosefor thisgroupduring1991 was 0.35 millisievert(35 millirem),compared
to 0.44 millisievert(44 millirem)in 1990.
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FIGURE 1. Dose Distribution for CY 1991
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FIGURE 2. Annual Collective Whole-BodyDosefor the Last10 Years

Figure2 showsthe yearlytrend in collectivewhole-bodydosefor PNL. The

figure illustratesthe dependenceof collectivedose on the majorprograms. The
ALARA Coordinatorrelatesthe dose maximumin 1986 to the destructiveexamination

phaseof the steamgeneratorproject. The rise in collectivedose in 1989-1990 was

due to the single-shelltankwaste characterization. Figure2 also showsthe general

trendtoward lowerdosesat PNL, someof which is independentof majorprojects. The

ALARA Coordinatorexpectsthe collectivedosefor PNL to remain below1 person-

sievert(100 person-rem)overthe nextseveralyears,unlesssignificantprogram
changesoccur.

Figure 3 showsthe yearlytrend intotalcollectivewhole-bodydose incurredby

the sixcentersor directorateswiththe highestcollectivewhole-bodydosesfor the last

4 years. The Facilitiesand OperationsDirectorateaccountedfor approximately34% of

the totalCY 1991 PNL collectivewhole-bodydose. The Material and Chemical

Sciencesand Waste TechnologyCentersaccountedfor the majorityof the balanceof

the totaldose, incurringapproximately28% each.

Most centersdecreased their dosesrelativeto their 1990 totals,withthe

exceptionof Waste Technology,Materialand ChemicalSciencesand Earth and

EnvironmentalSciences. The increase in collectivecloseof the Waste Technology

Center is due to the transferof ali of the ReactorTechnologyhotcell operationsto
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Waste Technology. The collectivedose of ReactorTechnologydecreased a

correspondingamount. The Earthand EnvironmentalSciencesCenter collectivedose

increasedslightly,from 980 mremto 1190 mrem,which the ALARA coordinatordoes

not considerstatisticallysignificant.
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FIGURE 3. Collective Whole-BodyDose for 1988-1991 for the 6 HighestCenters
and Directorates

Factorsthat may have improvedthe dosetotalswere the accomplishmentof

manyALARA goals (see AppendixA, "Statusof CY 1991 ALARA Goals"), conducting
pre-jobALARA meetingsandthe change inthe relativetotalworkload of the centers.

The LaboratorySafety DepartmentandTechnicalServicesDepartmentinthe Facilities

and OperationsDirectoratehavereducedtheir dosesdue to these reasons,despite

unavoidableroutinetaskssuchas radiationprotectionsurveysand facilities

maintenanceand repair. The Health PhysicsDepartmentof the Life SciencesCenter

has remainedconsistentat itspresentlow dose levelover the past few years, mostly

due to the unavoidableroutinerequirementsof their primaryjob: radiationdetector_.q,:l
dosimetercalibrations.

The department incurringthe highestcollectivedose was the Process

TechnologyDepartmentof the Waste TechnologyCenter,whichoperatesthe majority

of PNL'shotcell facilities,incurring23% of the PNL collectivedose. The Laboratory

Safety Departmentof the Facilitiesand OperationsDirectoratereceivedapproximately
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17% of the PNL collectivedose, the majorityof which is due to routineactivitiesof the
RadiationProtectionTechnologists.This dose is due to supportof the researchand

facilityoperationsand maintenance. The TechnicalServicesDepartment, also of the

Facilitiesand OperationsDirectorate,received11% of the PNL total, for similar
masons. The MaterialsScienceDepartmentandAnalyticalChemistryLaboratoryof
MaterialsandChemicalSciencesCenter had 14% and 7% of the total PNL dose. The

dosimetryreportsattributethe majorityof the doses for ali of thesedepartmentsto work
inthe 324, 327 and 325 Buildings.The Health PhysicsDepartmentof the Life

SciencesCenter contributed4% of the PNL collectivedose (see Figure4). As with

theirrespectivecenters, mostdepartmentsshoweddecreasesintotaldosesduring
1991.
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FIGURE 4. Distributionof DoseAmong High-DoseDepartments, 1991

Observingthe centers'anddepartments'trendsof collectivedose totalsoverthe

years indicatesthatthe levelof the collectivedose relatesdirectlyto the numberof

projectsinvolvingworkwithradioactivematerials. The numberof projectsinvolv;,,g

radiationworkand the relativeamountof this typeof workloadhas been historically

variable, making itsomewhatdifficultto adjustor weight the collectivedoses for

comparisonof differentyears. Linemanagementmay reassgn personneland



organizationalgroupsto otherjobsor organizationalgroupscontinuouslythroughout

the year, makingit relativelydifficultto accuratelyassigndosesto specificprojectsand

work. One good exampleof this is the transferof the 327 hotcell facilitiesand

personnelfrom the ReactorTechnologyCenterto the Waste TechnologyCenter.

Consideringtheseobstaclesinvolvedin accuratetrendanalysis,a qualitativeanalysis

of the 1991 overallcollectivedosetotalsfor PNL haveshowntypicalor expected

valueswhencomparedwiththe recent years' totals(after 1986).

quarterly ExposureEvaluati0.ns

Proceduresfor identification,trackingand evaluationof job tasksof staff

membersreceivingpotentiallyexcessivewhole-bodyand/orextremitydosesremained

in place in 1991. Supervisorsof staffmemberswithdosesthat indicatepotentialto

exceedannual or quarterlylimitsreceivean exposureevaluationrequest(and form)for

each staffmemberwitha highdose. The supervisorevaluatesthe tasks being

performedby the individual(s),and recordspertinentinformationon the exposure

evaluationform so that line managementcan implementfurtherALARA practices

wherever possible,and, if necessary, increasethe administrativelimit. Radiological

Engineeringreviewsthe supervisor'sevaluationand initiatesfollow-upactionsas

appropriate. The whole-bodyandextremityquarterlydosesused as criteriafor evalua-

tion are thosevaluesthat extrapolate to year-end dosesof 0.02 sievert (2 rem) for the

whole-bodyand 0.30 sievert (30 rem) for the extremities. As showninTable 1, three
PNL staffmembersexceededthe criteriafor evaluationduring1990. In 1991, one

individualsexceededthe limit infirstquarterdue to an off-siteexposure;however,no

one exceededthe limitfor the year. This decrease inthe numberof projectedhigh

dose individualsshowsthe attentionto detailof the staffand theirmanagement,aswell

as the effectivenessof the ALARA program.

TABLE 1. Numberof StaffMembersWhose Extrapolated
Year-End DoseExceeded0.02 Sievert

_quarter CY 89 CY 90 CY 91
.1st 6 3 1

2nd 1 0 0
3rd 1 0 0

4th 0 0 0
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SkinCo.ntamination

In CY 1991, PNL staffhad a total of 13 casesof skin contaminationcompared to

an expectednumberof 30 (see AppendixD). The numberof skincontaminationsin

1991 is a significantreductionfrompreviousyears. Figure5 showsthe historicaltrend
of yearlyskincontaminationsfor the period 1986-1991. This is mostlydue to a

heightenedawarenesson the partof the staff,attentionto detailwhile removing

protectiveclothing,anda decreaseof the useof personalclothingin contaminatedand

potentiallycontaminatedareas. Anothercause of the reductionof skin contaminations

isthe surveyfor contaminationof protectiveclothingreceivedfromthe laundrybefore
use.
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FIGURE 5. Annual Incidenceof SkinContaminationsfrom 1986 through1991

An analysisof the availabledata showsthat the rate of the skin contaminations,

as well as the numberof the skincontaminationsdroppedin 1991. In 1990, the rate of

skincontaminationsper entry intoa RadiologicallyControlledArea (RCA) was

approximately3-4 x 10-5 contaminationsper entry,while in 1991 the rate was only

1-2 x 10-5 per entry intoa RCA. The numberof entries intoRCAs in bothyearswas

approximately500,000.

Figure 6 providesa breakdown of skin contaminationcases by facility since

1986. Many of the 1991 cases (5) occurredin the 324 Building.At the beginningof

the year, the ALARAcoordinatorprojected30 cases basedon plannedactivities. The



decrease inthe numberof contaminationsin the 325 Buildingfrom 1990 to 1991 is

partlydue to work on the single-shelltank wastecharacterizationprojectbeingplaced

instandby. The decrease inthe numberof contaminationsin the 324 Buildingis

despitethe Shielded MaterialsFacilityhotcell clean-out,the B-Cellclean-out,and

continuedworkwith materialsthat have historicallycausedmanycontaminations,such
as cesiumchlorideand tritium.
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FIGURE 6. Annual Totals of Skin Contamination Cases by Year and Facility
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III. NONRADIOLOGICALALARA

DuringCY 1991, the Laboratoryhad an average of 3229 full-timestaffmembers

whoworked6.5 millionhourson privateand PNL-relatedprograms.This section
discussesthe nonradiologicalsafety performanceof PNL for CY 1991.

AccidentInvestigation

LaboratorySafety investigatesali accidents,injuries,illnesses,motorvehicle

accidents,firesand propertydamagewith seriousconsequencesand documentsthem

indetail. PNL policyrequireslinemanagementinvolvementin the responseand
investigationof accidentsand in the establishmentand implementationof corrective

action. These activitiesensurethat linemanagementtakes appropriateactionsto

preventrecurrenceof the accident,and they demonstratePNt.'scommitmentto
providinga safe and healthyworkplace.

FirstAid Cases

The LaboratorySafety Departmentinvestigated127 firstaid casesduring

CY 1991, a decreasefrom 132 cases in 1990. LaboratorySafety investigatedeach
reportedoccupationalinjuryor illnessand recommendedcorrectiveactions to line

management,as appropriate,to preventrecurrence.

RecordableInjuriesand Illnesses

Currentcriteriaconsideroccupationalinjuriesrecordableif they are severe

enoughto requiremedicalattentionbeyondfirst aid (e.g., prescriptionmedication,

sutures,treatmentof brokenbones, lostworkdaycases, etc.). Before1990, PNL used

criteriadefinedby the U.S. Depart,_entof Energy(DOE) or the Stateof Washingtonto
classifythe injuryor illnessandto determinerequireddocumentation.In 1991, PNL

fully implementedBureauof LaborStatistics(BLS) criteria. LaboratorySafety

classifiedali injuriesduring1991 usingthe BLScriteria,which resultsin higher
numbersof recordableinjuries. LaboratorySafetyexaminedthe recordsfrom 1990

with partial useof the BLS criteria. These newcriteriaresultedina highernumberof

recordableinjuriesthan those in 1989. LaboratorySafetyconsidez,_,ali occupational
illnessesrecordable.

The LaboratorySafety Departmentand linemanagementjointlyinvestigate
recordableinjuriesand illnesses. DuringCY 1991, staffmembersincurred91
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recordable injuries. This number resulted in a recordable injuryincidencerate of 2.82

recordableinjuriesor illnessesper 200,000 workhours. Figure7 comparesthis rate to

past PNL ratesand to DOE-RL. The ALARAcoordinatorexpectsthat the numbersof
recordable injuriesDOE widewill risewhen full implementationof the BLS criteria
occurs.

LostWorkday Injuries

LaboratorySafety considersan injuryor illnes,_a lostworkdaycase if the staff
membermissesan entire,regularlyscheduled,work shiftdue to an occupational

accident. These injuriesare moreseriousthanmostother r¢cordableinjuriessince the
consequences includesignificantlosttime. Staffmemberssustained42 lostworkday

cases during1991, whichresultedina lostworkdaycase incidencerate of 1.3 lost

workdaycases per 200,000 work hours. Figure8 comparesthisrate to past PNL rates

and to DOE-RL averages. While the numberof firstaid cases dropped,the severityof

the cases increased,which resultedin largernumbersof recordable injuriesand lost

workdays. Implementationof the BLScriteriaalso had someeffecton the numberof

lostworkday cases.
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FIGURE 7. PNL Recordable InjuryIncidenceRate

• These higher numbersare the resultof the implementationof the BLScriteria
mentionedabove.
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• See previous footnote

The 42 lost workday cases resulted in 343 lost workdays and481 days of work

restriction.These lostand restrictedworkdays resultedina lostworkdayincidence

rate of 25.52 lostworkdaysper200,000 work hours. Figure9 comparesthis rate to
pastPNL ratesand to DOE-RL averages.
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FIGURE 9. PNL LostWorkday IncidenceRate
* See previous footnote
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MotorVehicleAccidents

Staff membersdrove governmentvehiclesapproximately0.75 millionmileswith
tworeportableaccidentsduring1991. PNL'smotorvehicleaccidentrate for 1991 was

2.67 ar,cidentsper millionmiles,as comparedto 6.67 accidentsper millionmilesin

1989, and0 (none) in 1990. Figure 10 comparesthese ratesto pastPNL rates andto

DOE-RL averages.

The motorvehicle lossrate for 1991 of $2.47 per thousandmil_s comparesto

$6.67 per thousandmilesin 1989, and 0 (none) in 1990. Figure11 comparesthis rate

is to pastPNL and DOE-RL rates. Due to the rel=_tivelyfew milesthat the PNL staff

driveeach year, a singleaccidentcan significa_ntlyvarythe PNL statistics.
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FIGURE 10. PNL MotorVehicle AccidentsPer Million Miles
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Property Dama,qeand Fires

DuringCY 1991, PNL work resultedinthreenon-tirepropertylossaccidentsand

$116,766 in losses. Primaryamongthese losses($95,000) was moltenglassdamage

associatedwiththe In-SituVitrificationExperiment.This resultedina propertydamage

rate of 3.09 for CY 1991. Figure 12 comparesthis rate to other PNL property lossrates
and to DOE-RL averages.

One tire damagedPNL property in 1991, resultingin a $5000 loss. The tire was

due to a twenty-fiveyear old transformeroverheatingand spontaneouslycombusting.
This is a fire lossrate of 0.13. Figure 13 comparesthis rate to other PNL fire loss

rates and to DOE averages.
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FIGURE 12. PNL PropertyDamage LossRate
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FIGURE 13. PNL Fire Los3Rate
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APPENDIX A

STATUS OF CY 1991 ALARA GOALS

The majority of the CY 1991 ALARA goals were completed. Two goals were not

completed due to circumstances beyond the control of the organization working on the

goal; these goals were "rolled over" into CY 1992 goals. One goal was not met due to

an unexpectedincrease in workload. The otherthirteengoalswere completed

successfully.

This appendixexaminesthe goals on an individualbasis,statingthe goal number

anda statementof the goal. This statementof goalwillbe followedby a statementof

final progressmade. The goalsare numberedaccordingto the organizationworkingon

the goal, the buildingwhere the workis beingdone, and a number.

The following organizationshad ALARA goals for CY 1991: Waste Technology

Center (WT), ReactorTechnologyCenter (RT), Materialsand ChemicalSciencesCenter

(MC) and the LaboratorySafety Department(LS).

WT'-324-1 Reducedose to hot-celloperationstechniciansby 20% fromCY

1990. Thiswillbe accomplishedby reviewingdose reduction

techniques,suchas time,distance,and shieldingat pre-jobALARA

meetings.

This goal was not accomplisheddue to additional work requiring

morestaffedentriesintohighradiationareas than planned. A slight

decreasein dose pertask was accomplished.

WT-324-2 Reduce quantity of secondary waste productsgenerated by

programmatic activities by 50% from CY 1990.

Thisgoalwas metand exceeded,witha total reductionon quantity

of wasteof 70%. The linemanagementof the 324 Buildingshowed

commendableALARA enthusiasmin meetingthisgoal, as

evidencedby the extentto whichthey exceededthe targetquantity.
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WT-324-3 Reducethe numberof skincontaminationeventsof Waste

TechnologyCenter staffby 25% from CY 1990. This willbe

accomplishedby reviewing,duringthe pre-jobALARAmeetings,

properdonning/Goffingtechniques.

This goalwas met and exceeded;the Waste Technologystaff
reducedthe numberof skincontaminationsfrom 14 in 1990 to 6 in

1991. The staffand managementaccomplishedthis67% reduction

by careful attentionto detail and particularcare in doffingof

protectiveclothing,as well as managementsupportof safer
programs.

LS-324-1 Improvepencildosimeterprogramfor RPTs assignedto the 324
Building.This programwill allowthe RadiationProtectionSectionto

more closelytrackRPT exposureas a functionof work performed.

This goalwas met;the gammapencildosimeterprogramis actively
being used inthe 324 Building,and to a lesserextentin other

facilitieswith significantdose rates.

MC-306W-1 Continueto pursue the relocation or disposal of the ThO2 located in

Room 141 to reducedose rate in Laboratory151. A Material
Requestwas submittedto Safeguardson 5/7/90, but thisCY 1990

goal was notcompletedsinceno dispositioninstructionswere
received.

This goalwas "rolledover" intoa CY 1992 ALARA goal, because
offsiteproblemsstalledcompletionof the goal.
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MC-306W-2 Locatematerialstorageandwastebarrelsfor depleteduranium

metal turningsin a centrallocationwithinthe specialtymachine

shopin Room 132. This locationis to be, at a minimum,ten feet

away fromany equipment/machinists'work stationin orderto reduce

backgroundexposureto ali programpersonnel. Previousstorage

areas were moreconvenientto bothprogrammachinistsand the

project'stechnicalstaff,buttheirrandomplacementsthroughoutthe

shopplaced larger-than-necessaryquantitiesof radioactivematerial
nextto the workstations.

This goalwss completed,reducingdose to the staffof the 306W, as

well as providinga saferworkingenvironment.

MC-306W-3 Modify to increasethe physicalsize of {heradiationarea in Room

132 to allowfor the transportof radioactivematerialfrom the heat

treatmentarea in Room152 to the specialtyshop(Room 132). This

wouldallowthe largeroll-updoor betweenthe twobays to be

openedto moreeasily transportmaterialto and fromthe material

processingareas withoutthe use of rollercarts. Materialwillbe

loadedontoone cart, thenmoveddirectlyto itsnext

processing/machiningstationwhile remainingwithina radiation
area.

This goal was completed,not only reducing possibilityof spread of

contaminationto uncontrolledareas, but also providinga more

ergonomicallycorrectandefficientwork procedure.

MC-325-1 Reduce the dose rate at the front face of the 325A hotcellsby

providingadequateshieldinginthe frontface and ductsunderthe

floor, and changingthe filterson the ducts.

Thisgoalwas completed,with a dose rate reductionat the frontof

the hot cellsof approximately50%.
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MC-325-2 Reduce radiologicalexposure to personnel during ra,"iochemical
analysis of waste tank samples by implementing a r_cently
developed analytical procedure for the analysis of transuranic

elements in single shell tank and double shell tank samples. This

procedure replaces four previously used procedures, thereby
reducing considerably the total quantity of radioactive sample

required. In addition, the period of time that staff members will be in

contactwith the sampleduringthe analyticalprocesshas also been

reduced. As fundingpermits,additionalproceduredevelopment

activitiesto reducestaffexposurewill be undertaken.

This goalwas completed;newanalyticalequipmentand procedures

weredevelopedfor the processes.

RT-324-1" Returncesiumchloridecapsulesnot needed for performance

evaluationof cesiumchlorideencapsulationprogramsto the Waste

Encapsulationand StoracceFacility. R_movalof the capsuleswill

facilitateoperationinooth SMF Southand East cellsand reduce

exposurerisksto personnel.

The cesiumchloride,capsulesnot neededwere removedto the 327

Buildingstoragepool,reducingdose ratesto WTC staff to a
minimum.

RT-324-2" Shield manipulator through tubes to reduceexposureto building
occupants. Shieldingwilleffectivelydecreaseexposureto

acceptable levels.

This goalwas completedahead of scheduleand accomplisheda

closereductionto the occupantsof the building,particularlyby

reducingnon-productiveradiationclosepotential.

A.4



RT-327-1" Convert Model G _nd Model E manipulator Z-motion tape to cable.

The numberof repairs/replacementswillbe reduced,as will fewer

change-outs,whichwill result in lowerpersonnelexposure.

Ali manipulatorswhichsufferedmechanicalfailurewere converted;

the goal is complete. Several modelG and E modelmanipulators

remain,whichwillbe replacedas theyfail, as goodALARA practice
dictates.

RT-327-2" Clean the interiorof D and F-Cells'ventilationducts. Successful

cleaningin the ductswill reduceradiationlevels inthe basement
area by 50 to 75%.

This goal could not be completedduring CY 1991 due to manpower

and fundingissues, andwas "rolledover" intoa CY 1992 ALARA

goal.

RT-327-3" Review327 Post-IrradiationTestingLaboratorysafe operatingand
technicalproceduresand revise,as necessary,to include

requirementsfor preplanningmeeting,ALARA meetingoutline,and

chemical/radiologicalALARA informationwhere applicable.

New safe operating procedures (SOPs) were developed for the 327

Buildingwhile undercontrolof the ReactorTechnologyCenter.

When the operationof the buildingwastransferredto the Waste

TechnologyCenter, the SOPs were rewritten. This goal is complete.

i

* Indicatesa ReactorTechnologyALARA goal whichwas transferredto the Waste
TechnologyCenter upontransferof the 324 SMF facilityand327 Buildingoperations.
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APPENDIX B

RADIOLOGICAL ALARA GOALS FOR CY 1992

The following organizations had ALARA goals for CY 1991: Waste

Technology Center (WT), Reactor Technology Center (RT), Materials and Chemical

Sciences Center (MC) and the Laboratory Safety Department (LS).

Goal Number Goal
i

WT-324-1 Decontaminateroom147 to reduceexposureto operatingstaffand to
reducepotentialfor skincontaminations.

WT-324-2 Reducepersonnelexposureby reducingthe numberof personnel
entries intothe ShieldedMaterialsFacility(SMF) hotcell Aidock in
orderto introducematerialsintoor retrievematerialsfromsouthcell.
One to three shieldedtransfermechanismswillbe designed,
fabricated,and installedintoexisting4-inchdiametercell access ports.

WT-324-3 Reducepersonnelexposureinthe SMF airlockby developinga
remotelyoperablesystemfor removingradioactivewastes,created as
a resultof the CesiumEncapsulationProgram(CEP), fromsouthcell
for disposalinthe HN-200 liner.

WT-327-1 Removeradioactivecontaminationfromthe interiorof the "D" and "F"
cells'ventilationductsin orderto significantlyreduceradiationdose
ratesin the 327 Buildingbasement, lt is estimatedthat the successful
removalof thiscontaminationwill lowerdose rates inthe vicinityof
these ductsby 75% or more.

WT-327-2 Further reducepersonnelexposureto hazardouschemicalsby
identifyingandobtainingalternate,nonhazardousmaterialsfor use in
decontaminationworkandother operationswhichrequirethe use of
variousreagents. Decreasingthe potentialfor exposureto hazardous
chemicalswill enhancepreventionof radiologicalmishaps. Minimizing
the potentialgenerationof radioactivemixedwastewillbe enhanced.

MC-306W-1 Relocate or disposeof ThO2 Iocat,,,_din Room141 to reduce dose rate
in Laboratory151.

MC-306W-2 Reducehandlingandtransportationrequiredfor movementsof
depleteduraniumbarstockwithin306W Facilityby the additionof
supplementalin-processinspectionequipment.
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MC-306W-3 Declassifydepleted uranium cores that are being stored in Room 123,
allowinginventoryand potentialexposurereduction.

MC-325-1 Reduce exposure to potentially radioactivesoil samplesduring
analysisof cyanidethroughthe acquisitionand implementationof
semi-automatedinstrumentalanalysisequipment.

MC-325-2 Installpressureand moisturesensorsin the 325 BuildingHot Cells
whichwillprovidenotificationsof over-pressureand over-flow
conditionsinthe cells for earlyresponseto theseabnormalevents.

MC-325-3 Reviewand modify,as appropriate,the buildingroutineradiological
surveyscheduleand frequencyto more accuratelyreflectcurrent
buildingoperationsand requirements.

MC-325-4 Pursuethe eliminationof aliWestinghouseHanfordCompany(WHC)
nuclearmaterialsfromthe basementcage storagearea, and
relocate/consolidatebuildingTRU wastedrum storageinthiscage
area.

RT-306W-1 Reduce inventorie3of enriched UO2 materialswithinthe 306W
Facility.

LS..324-1 Evaluate the benefitof the closedloopSWP laundryrecyclingsystem
inuse at the 324 Building,inpreventingskinand personaleffects
contaminations.
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APPENDIX C

PROJECTIONS FOR CALENDAR YEAR 1992

The projectionsfor CY 92 are basedon severalsources. The primarysource is
the individualorganization'sestimateof collectivedose to their organizationbasedon
plannedactivities. The ALARA coordinatorreviewsthese estimatesand makesan

• independentappraisalof high-doseorganizations,thencombinesthe estimatesintoa
PNL-widecollectivedose estimate. Other sourcestaken intoaccountare historicaland ..
recenttrendsin dose andcontamination. Thisestimateis usuallyrelativelyaccurate,

• due to exposureratesfor certaintasksbeingrelativelywell known,and the extensive
planningthat occursbefore a newtask is undertaken.

The estimatefor the expectednumberof skincontaminationsis basedon
plannedwork in contaminationareas, pasttrends,plannedtrainingand expected
effectivenessof protectiveclothing. This projectionis subjectto wide variationsfrom
year to year due to the relativelysmallnumberof eventsthat occur,and unexpected
sourcesof contamination. Someof the unexpectedsourcesfound in CY 1991 were
historical,undocumentedcontaminationand contaminated"clean" laundry(see CY
1992 ALARAgoal LS-324-1).

Very few newor unexpected intakesof radioactivematerialshave occurredat
PNL in recentyears, and as such,none are usuallyprojected. The uptakesin past
yearshave been either chronicuraniumuptakesinthe milliremrange, or offsite
uptakesof tritium. However,newprojectsinvolvingsignificantquantitiesof tritiumwill
be activatedin CY 1992; the groupinvolvedandthe LaboratorySafety Department
expectsomechronicuptakeof tritiatedwater to occur. The amountexpected isvery
smalland involvesrelativelyfew people.

The Projections for CY 1992 are as follows:

0.55 person-Sievert(55 person-rem)collectivewhole-bodydose

25 skincontaminations

. 1 milliSievert(100 mrem)of new internaldosefrom Tritium
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APPENDIX D

Skin Contamination Cases in Calendar Year 1991

There were 13 casesof skincontaminationof PNL staffat the Hanfordsite in 1991,

43% of the projected30. Of these 13 cases, five were in the 324 Building,three inthe

325 building,one in 327, one inthe 306W Facility, one in the LSL II building,one in

the 329 Buildingand one inthe 326 Building.The table belowliststhe skin ..

contaminationsin chronologicalorder,includingthe buildingwherethe contamination

occurred,a briefdescriptionof the detailsand a cause. An occurrenceclassifier

determinesthe severityof the eventand the cause of the event accordingto the
guidancegivenby DOE Order 5003.A. The occurrenceclassifiersdetermined that ali

skincontaminationsin CY 1991 fit the categoryof "Off-NormalOccurrence." The Off-
NormalOccurrencereportsdescribeali skincontaminationsin moredetail and can be

found usingthe occurrencenumberlisted(note: ali occurrencenumbershave the prefix
RE-PNL).

Occurrence Cause/

Date number Building Details Problemi

1/09/91 PNLBOPER- 306W Handcontaminationwasdue to shoecontamination Procedure
1991-0005 broughtto Hanfordfrom Chalk River, Canada. problem

1/15/91 324-1991.0009 324 Contaminationwas foundon a fingerof an R&D Personnel
technicianafterworkinsideSMF hot cell. error

1/17/91 325-1991-0010 325 An electricianfoundcontaminationon his thumbafter Equipment/
enteringa controlledarea. material

failure

1118/91 324-1991-0012 324 A PNL craftsmanwascontaminatedon the kneeby Procedure
contaminatedlaundry, problem

2/28/91 PNLBOPER- LSL II A leak from a radongenerator resultedin personnel Design
1991-0039 contamination, problem

5117191 PNLBOPEM- 327 A techniciancontaminateda fingerwhile Personnel •
1991-1002 decontaminatinga fume hood. error

6-05191 PNLBOPER- 329 An R&D staffmemberwas foundto have contamination Personnel
1991-1012 on hishandafter workingina contaminatedfume hood. error

6125191 324-1991-1006 324 A craftsmanfoundcontaminationon his handafter Equipment/
workingin a contaminated area. material

failure
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8/01/91 325-1991-1015 325 An R&Dscientisthad handcontaminationafter re-using Procedure
glovesthat Wereapparentlycontaminated, problem

9105191 PNLBOPER- 328 A technicianbecamecontaminatedon the handafter Design
9106191 1991-1042 electro-polishingsmallsamples. Identical incident problem

occurredthe next morning.

9109191 324-1991-1016 324 Contaminationwas found onthe left palm after exiting Personnel
the SMF gallery, error

• 9116/91 324-1991-1017 324 A skincontaminationin the 324 Building. Procedure
problem

• 12/20191 325-1991-1035 325 A skincontaminationoccurredin room511. Equipment/
material
problem
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Appendix E

Raw Data Used in CY-1991 ALARA Report

This is the raw formof the informationusedto generatethe calendaryear 1991 ALARA

report. Briefexplanationsof the data willbe givenafter the exhibits. The formatof the

informationis a summarysentenceor paragraphdescribingthe information.

Exhibit 1

OrganizationName Dose in %
millirem dose

,i

Facilitiesand Operations 17460 34
Life Sciences 3250 6

AppliedPhysics 480 1
Earthand EnvironmentalSciences 1190 2

Materialsand ChemicalSciences 14346 28

ReactorTechnology 1027 2

Waste Technology 14418 28
Other 650 1

This liststhe CY 1991 distributionof the collectivedose amongthe centersand

Directoratesof PNL. Onlythosewith 1% or moreare shown;ali organizationsbelow

1% are considered"other." The percentagesare to the nearestpercent,whichleads to

more than 100% totalcollectivewhole-bodydose.

Exhibit 2

Center/directorate 1988 1989 1990 1991
i

Facilitiesand Operations 0.21 0.23 0.19 0.17 .
Materialand ChemicalSciences 0.16 0.22 0.12 0.14

ReactorTechnology 0.11 0.17 0.07 0.01 .

Waste Technology 0.10 0.17 0.11 0.14
LifeSciences 0.04 0.05 0.03 0.03

• Earth and EnvironmentalSciences * * 0.01 0.01

This illustratesthe collective whole-bodydose of the "highdose" centers and

directoratesfor the last4 years. Ali dosesare in collectiveperson-Sievert. The Earth
and EnvironmentalSciencesdosewas nottrackedin 1988 and 1989 due to lowdose.
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Exhibit 3

Section mrem % PNL

RadiationProtectionSection 8073 16%

TechnicalServicesDepartment 4534 9%

AnalyticalChemistryDepartment 3407 7%

Waste ProcessTechnology 4990 10%

• Department

Post-IrradiationTesting Laboratory 3254" 6%

• These are the "highdose" departmentsandsectionsin CY-1991. The percentsare of

PNL'stotalcollectivewhole-bodydose.

Exhibit 4

Year #

1986 37

1987 24

1988 29

1989 33

1990 31
,

1991 15

This is the totalnumberof skincontaminationsat PNL over the last6 years.

Exhibit 5

Building 1987 1988 1989 1990 1991,,

324 18 16 14 14 5
,,

325 2 4 7 9 3

327 1 5 3 1 1

• Other 2 1 5 0 4

This demonstratesthe breakdownof the skincontaminationevents by building. Only

the 324, 325 and 327 Buildingshaveskincontaminationeventswithany regularity. Ali
otherbuildingsare considered"other."
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Exhibit 6
, i

Dose Range # of staff
in the

range
0 878

0.01-0.99 425

1•00-2.50 57

2.50-5.00 31 ."

5.00-7.50 13

7•50-10.0 9

10•0-20.0 2

20.0+ 0

This separatesthe distributionof dose for PNL staff in CY 1991. Ali dosesare in
milliSievert.

Exhibit 7

Year Dose

1980 0.62

1981 0.69

1982 1.09

1983 1.49

1984 1.13

1985 1.26

1986 2.30

1987 0.85

1988 0.55

1989 0.90
i

1990 0.68

1991 0.52

This showsthe collectivedoseto PNL staffyearlyfrom 1980 to 1991. The doses are in

person-Sievert.
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