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EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCT,.[ON

1.0 INTRODUCTION

1.1 SCOPE

The WIPP External Dosimetry Program, administeredby WestinghouseElectric
Corporation,Waste IsolationDivision,for the U.S. Departmentof Energy (DOE),
provides external dosimetry support services for operations at the Waste
Isolation Pilot Plant (WIPP) Site. These operations include the receipt,
experimentationwith, storage,and disposalof transuranic(TRU)wastes.

This document describes the technical basis for the WIPP External Radiation
DosimetryProgram. The purposesof this document are to:

• provideassurancethatthe WIPP ExternalRadiationDosimetryProgramis
in compliancewith all regulatoryrequirements

• provideassurancethat the WIPP ExternalRadiationDosimetryProgramis
derivedfrom a sound technicalbase

• serve as a technicalreferencefor radiationprotectionpersonnel

• aid in identifyingand planningfor futureneeds

The externalradiationexposurefieldsare thosethat are documentedin the WIPP
Final SafetyAnalysisReport (reference8.9).

1.2 OBOECTIVES

The WIPP External Dosimetry Program is part of the overall site radiation
protectionorganization. The ExternalDosimetryProgramis administeredby the
Dosimetryand AnalyticalTechnologySection. Radiationprotectionalso includes
Operational Health Physics (OHP) and Radiological Engineering, which are
responsiblefor monitoringpersonnelfor externalradiationexposureon a daily
basisusingdirect-readingdosimeters,arearadiationmonitors,air radioactivity
monitors,arearadiationsurveys,radioactivecontaminationcontrol,andairborne
radiationrespiratoryprotection. The ALARA program is administeredby Safety
AnalysisReview.

The year-to-dateaccountabilityof personnelradiationexposuresisaccomplished
throughthe use of the thermoluminescentdosimeter (TLD) readings,prior and
concurrentoccupationalradiationexposuresobtainedoff the WIPP site, and the
subsequentdaily accumulationof direct-readingdosimeterreadings. The direct-
readingdosimeterprogramis implementedby OHP. The TLD programcomplimentsthe
direct-readingdosimeter program by measuring the exposure monthly and/or
quarterly. The results of the TLD program are entered into the individual's
radiation exposure history records.

Through this comprehensive program, the adequacy of radiological control measures
are validated, thus ensuring that the WIPPAdministrative Dose Control Levels are
not exceeded.

1.3 EXTERNALDOSIMETRYREQUIREMENTS

1.3.1 DOE/EH-O256TRadioloqicalControlManual

I-I



EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

1.3.1.1 Chapter 5, Part 1 External Dosimetry, Article 511 Requirements

I. "Personneldosimetryshall be requiredfor personnelwho are expected to
receive an annual external whole body dose greater than 100 mrem or an
annual dose to the extremities,lens of the eye or skin greater than 10
percent of the corresponding limits specified in Table 1.1. Neutron
dosimetry shall be provided when a person is likely to exceed 100 mrem
annuallyfrom neutrons."

Table I.I

,,-- .,,, ,. , ,. . ,,

I SUMMARYOF DOSE LIMITS'," ). , . , ,, , ,,, , ,. , '_ ,..

Type of Exposure Annual
Limit

, , , ,m, . I ,, ,, ", ,I , ', ' ",| , "" ,

Radiological.Worker_ Who.leBody (intern..al+ external) . 5 rem

Radio.)ogicalWorker: Lens of Eye 15 rem

Radiologi.calWorker" Extremity(handsand arms below the 50 rem
-_ elbow; feet and legs below the.knees) ........

RadiologicalWorker" Any organ or tissue (otherthan lens 50 rem
...... of eye) and skin ....

Declared PregnantWorker" Embryo/Fetus 0.5 rem
in 9 months

. ,,,, m , , ,,. , ,

Minors and Students" (underage of 18) 0.1 rem
Whole Bod.y(internal+ external) ....

Visitorsand Public- Whole..Body (internal+ external) _ 0.1 rein

2. Dosimetersshall be issuedonly to personnelformally instructedin their
use and shall be worn only by those to whom the dosimeterswere issued.

3. To minimizethe number of personnelin the dosimetryprogram,the issuance
of dosimeter is discouraged to other than personnel entering Radiation
Areas, High RadiationAreas or RadiologicalBuffer Areas where there is a
potentialFor externalexposure. Although issuingdosimetersto personnel
who are not occupationally exposed to radiation can appear as a
conservativepractice, it creates the impression that the wearers are
occupationallyexposedto radiation.

4. Personnel shall return dosimeters for processing as scheduled or upon
request, and should be restricted by line management From continued
radiologicalwork until dosimetersare returned.

5. Personnelshall wear their primary dosimeters on the chest area, on or
between the waist and the neck, in the manner prescribed by dosimetry
personnel.

6. Film dosimeters shall not be worn or taken off-site unless specifically
authorizedby the RadiologicalControlManager.

I-2



EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

7. The practice at some facilities of taking thermoluminescentdosimeters
(TLDs) off-siteis discouragedand shall not be implementedwhere not in
place.

8. Personnelshall not wear dosimeters issued by their resident facilities
while being monitoredby dosimeterat another site. Personnelshall not
expose their dosimeters to security x-ray devices, excessive heat, or
medical sourcesof radiation.

9. A person whose dosimeteris lost, damaged, or contaminatedshould place
work in a safe condition, immediately exit the area and report the
occurrenceto the RadiologicalControlOrganization. Reentryof the person
into RadiologicalBuffer Areas should not be made until a reviewhas been
conductedand managementhas approvedreentry.

1.3.1.2 Chapter5, Par_ I ExternalDosimetry,Article512 Technical
Requirementsfor ExternalDosimetry

I. DOE 5480.15 specifies the requirements for accreditationof personnel
externaldosimetrymonitoringprogramsby the DOE LaboratoryAccreditation
Program (DOELAP). A technicalbasis document shall be developedfor the
externaldosimetryprogram. Personnelexternaldosimetersincludebut are
not limitedto TLDs, track etch dnsimetersand neutronsensitivefilm.

2. The technical basis document shall also address dosimeters monitoring
radiationoutsidethe scope of DOELAP, such as dosimetryassociatedwith
high-energyacceleratorsand extremitydosimeters.

3. Facilities should participate in intercomparisonstudies for external
dosimetryprograms.

4. Personnelexposuresto the skin, lens of the eye and extremitiesshall be
reportedseparatelywhen monitored.

5. Multiple dosimeters should be issued to personnel to assess whole body
exposure in non-uniformradiationfields or as required on Radiological
Work Permits. Non-uniformradiation fields exist when the dose to a
portionof the whole body will exceedthe dose to the primarydosimeterby
more than 50 percent and the anticipatedwhole body dose is greater than
100 mrem. The technicalbasis document should describe the methodology
used in determiningthe dose of recordwhen multipledosimetersare used.

6. A dose assessmentshall be performedfor each instanceof a lost, damaged
or contaminatedpersonneldosimeter.

I-3



EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

1.3.2 DOEOrder 5480.11 Radiation Protection for OCcupational Workers

1.3.2.19.g.(1)

Personnel dosimetry programs shall be adequate to demonstrate compliance with the
radiation protection _tandards provided in paragraph 9b. Personnel dosimeters
shall be routinelycalibratedand maintainedand shall meet the requirementsof
the DOE LaboratoryAccreditationProgramfor PersonnelDosimetryas specifiedin
DOE Order 5480.15. Personneldosimetryshall be providedto radiationworkers
who have the potentialto exceedin a year any one of the followingfromexternal
sources:

(a) One hundredmrem (0.001 sievert)annual effectivedose equivalentto
the whole body.

(b) Five rem (0.05 sievert)annualdose equivalentto the skin.

(c) Five rem (0.05 sievert)annual dose equivalentto any extremity.

(d) One and a half rem (0.015sievert)annual dose equivalentto the lens
of the eye.

1.3.3 DOE Order 5480.15Departmentof Enerqy LaboratoryAccreditationProqram
for PersonnelDosimetry

Heads of DOE and DOE ContractorPersonnelDosimetryProgramsor theirdesignated
representativesshall:

(I) Comglete and submit an initial application for a DOE Laboratory
AccreditationProgramperformanceevaluationthrough the Head of the
appropriate Field Element who must concur on the application.
Applicationsare containedin DOE/EH-O026.

(2) Submit dosimeters for testing upon request of the Performance
EvaluationProgramAdministrator. Each test requiresthree separate
submissionsof dosimetersat intervalsof approximatelyone month.

(3) Evaluate irradiateddosimeters in terms of the units specified by
DOE/EH-O027 and report the values to the Performance Evaluation
ProgramAdministrator.

(4) Allow site assessorsto examineall aspectsof the program,including
facilities, equipment,dosimeters, procedures, notebooks, records,
reports,positiondescriptions,personnelqualifications,and training
documentation.

(5) Respond in writingwithin 45 days of receiptof the site assessment
report to any recommendations. Responses should be sent to the
PerformanceEvaluationProgramAdministrator,with the concurrenceof
the Head of the appropriateField Element. The responseshall include
correctiveaction (as appropriate)and completiondates.

I-4



EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

(6) Within 60 days, identify and implement plans to make appropriate
changes in equipment, procedures, and/or personnel to achieve a
program capable of receiving accreditation in the event that
accreditationis denied. Plansshall have the concurrenceof the Head
of the appropriateField Element.

(7) Apply and completetestingproceduresand on site assessmentfor re-
accreditation before each 2-year anniversary of the initial
accreditation.

1.3.4 DOE/EH-O026HandbookfortheDepartmentof EnergyLaboratoryAccreditation
Programfor PersonnelDosimetrySystems

1.3.4.1 Scope of AccreditationProgram

The DOELAP for personneldosimetrysystemsappliesto the technicalaspectsof
personnel dosimetry systems at DOE/DOE contractor facilities and to the
documentationof those aspects. During the accreditation:

I. A performancetestinglaboratoryevaluatesthe technicalperformanceof
dosimetrysystems

2. An on site assessmentstudiesthe qualityassurance,documentation,and
technicaladequacyof such systems

Dosimeter types or models used to determine whole-body and skin dose for
personnelare includedin the scope of the AccreditationProgram. Accreditation
currentlydoes not apply to extremitydosimeters,pocket ionizationchambers,
thermalneutrondosimetry,and high-energyneutrondosimetry.

The DOELAPtest standardscope is limited. Approximateenergy intervalscovered
are: 15 keV to 2 MeV for photons;above 0.3 MeV for betaparticles;and I keV to
2 MeV for neutrons.

Every two years, each DOE contractor must maintain its accreditationby
demonstratingcompliancewith DOELAPcriteria.

1.3.4,2 AccreditationProcess

To obtain accreditation,a DOE contractormust first submit an application
throughthe fieldoffice. The contractormust then satisfyboth the performance
testing and the on site assessmentrequirements. The PerformanceEvaluation
ProgramAdministratorprepares an administrativereport documentingthe test
resultsand recommendationsfor accreditation.TheOversightBoardevaluatesthe
report and the recommendationand, if approved, sends them to the HQ (DOE
Headquarters)DOELAPAdministrator.The HQ DOELAPAdministratormakes the final
decisions on accreditationand issues the Certificatesof Accreditation. A
Certificateof Accreditationspecifiesthe model(s) or type(s) of dosimeters
accreditedfor specificradiationcategories.
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EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

1.3.5 DOE/EH-O027Department of Enerqy Standard for the Performance Testin9 of
Personnel Dosimetry Systems

1.3.5.1 Test Procedures

The applicant shall certify that the dosimeters submitted for each test are
representativeof those suppliedroutinelyto its users.

The dosimetersshallbe submittedto the testinglaboratoryin three shipments.

The applicantshall report the evaluationsto the testing laboratorywithin 45
days of receivingthe dosimeters.

The testinglaboratoryshall reportall test resultsto the applicantafter the
test is completed. An estimateof the uncertaintyof the assignedvaluesof the
delivereddose equivalent(or absorbeddose) shall be included in the report.
The applicantshallnot be permittedto changeor void the reportedvaluesafter
receivingthe test resultsfrom the testing laboratory.

1.3.5.2 PerformanceStandards

Performance standards for the DOELAP irradiation categories are listed in
Table 1.2.

I-6



EXTERNALDOSIMETRYTECHNICALBASIS INTRODUCTION

Table 1.2

.....

DOELAP IRRADIATION CATEGORIE8
,, , .... ........... i

CATEGORY DESCRIPTION TEST RANGE TOLERANCE LEVEL
(rem/rad) Deep Shallow

I " Low-Energy Photons (X-Ray) 10 - 500 0.3 n/a
NBS Filtered Technique- M150"
70 keV _

II High-Energy Photons (tOTCs') 10 - 500 0.3 nla
662 keV

.,

IliA Low-Energy Photons (X-Ray) 0.03 - 10 0.3 0.3
General

NBS Filtered Techniques
M30" - 20 keV _

$60"- 36 keV b

M150" - 70 keV =

H150- 120 keVa
, ,,., .,,,,L ., ,,. .

IIIB " Low-Energy Photons (X-Rayl 0.03 - 5 0,3 0,3
Plutonium Environments

monoer_srgetic - 15 to 20 keV

monoe(=ergetic- 55 to 65 keV
_41Am=- 59 keV

IV " High-Energy Photons it_Cs') 0.03 - 10 0.3 0.3
662 keV

VA " Beta Particles - General 0.15 - 10 nla O.3

Point Geometry
z°4Tl*- 0,76 MeV t

_SrP°Y (filtered)'- 2.3 MeV'

VB Beta Particles - Special O. 15 - 5 n/a 0.3

Slab Geometry
Uranium - 2.3 MeV _

,,

VC Beta Particles - Special 0.15 - 10 n/a 0.3

Point Geometry
Z°4TP - 0.76 MeV'

_°SrP°Y - 2.3 MeV t

Vl Neutrons 0.20 - 5 0.3 nla

2_zCf (moderated) = •

zszCf (unmoderated)

VII ° Mixtures 0.05 - 5 0,4 0.4
III + IV" 0.20-5 0,4 0,4

III + V 0.20 - 5 0.4 0.4

IV + V" 0.30- 5 0.4 nla

III + Vl" 0,30 - 5 0,4 n/a

IV + VI"
,,,

• Categories applicable to WIPP.

n/a not applicable

a This category or a subset of this category is also specified in ANSI N 13.11-1983.

b Average
c Effective

d The =4tAm source is optional. At the option of the testing laboratory, it may be used in lieu of the 55 to 65 keY monoenergetic
source.

e A modified performance algorithm is recommended.
f Maximum

g Moderated by 15 cm of D_O,

h For wor! environments containing plutonium, use the monoenergetlc or 2_Am sources.
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EXTERNALDOSINETRYTECHNICALBASIS INTRODUCTION

For each dosimeterdesign submittedfor testing and for each type of radiation
in Categories Ill through VI for which performance is tested, a study of
dosimeterperformancewhen the incidentradiationis non-perpendicularshall be
carriedout once. The study need not be a part of a test seriesor performedby
the testinglaboratory. No performancecriteriashall be appliedto the results
of this study.

For each dosimeterdesign submittedfor testing and for at least one source in
CategoriesIll throughVl for which performanceis tested,a study to determine
the lower limit of detectabilityshall be conducted once and reported to the
testinglaboratory. The study need not be part of a test seriesor performedby
the testinglaboratory. No performancecriteriashall be appliedto the results
of this study.

1.3.6 DOEN 5480.6 Radioloqical Control Notice

Each PSO(Program Secretarial Officers) shall act to apply the provisions of the
RadCon Manual (DOE/EH-O256T)to each site, facility or program under his/her
responsibility,including those sites, facilities or programs managed by a
managementand operating (M&O) contractoror anothercontractor,subcontractor
or supplier,to the extent the site, facility or program involvesan activity
that may potentiallyresult in radiationexposureto workers,the public,or the
environment.

Each DOE site,facility,or programshall have an implementationplan that sets
forth the resources,actions,and schedulefor implementingthe RadConManual to
the fullest extent practicablewhile using reasonable judgment to minimize
unnecessarycost. An implementationplan shall specifyany additionalcosts for
implementing the RadCon Manual beyond those currently being spent for
radiologicalcontroland the basis for the incrementalcosts.

To the extent there is a conflictbetweena provisionof the RadCon Manual and
a provisionof DOE 5480.11,"RadiationProtectionfor OccupationalWorkers,"or
any other DOE Order listedon page R-2 of the RadConManual,the provisionof the
RadCon Manual shall supersedethe provisionof the DOE Order.

1.3.7 WIPPRadioloqicalControlManual,Chapter 5 PartI, ExternalDosimetry,
511 Requirements

I. The frequencyfor processingTLDs shall be monthlyfor RadiationWorker II
personneland quarterly for all other personnel. Non-routineprocessing
may be required by Operational Health Physics (OHP) or the Dosimetry
section. The Dosimetrysectionshall ensure that neutrondosimetersused
at the WIPP meet the requirementsof ANSI N319-1976.

2. The thermoluminescentdosimeter(TLD) is the primarydosimeterused at the
WIPP for measuring personnel radiation exposure for permanent record
purposes. The TLD measures beta and gamma exposure and distinguishes
between penetrating and non-penetratingradiations. The self reading
pocketdosimeter and the digital alarming dosimeterare the supplemental
dosimetersused at the WIPP for providing real-time indicationof gamma
radiationexposure. The Dosimetrysection is responsiblefor issuingand
controlling primary dosimetry. OHP is responsible for issuing and
controllingsupplementaldosimetry. Any deviation from this method of
issuingpersonneldosimetrywill be decided and authorizedby the Dosimetry
sectionand/orOHP, as applicable.

i I-8



EXTERNALDOSIRETRYTECHNICALBASIS INTRODUCTION

3. Each individualenteringthe securityarea (the area entered throughthe
security gate) will be advised of personnel monitoring requirements
according to work assignment and will be provided with the required
dosimetry devices. Dosimetry requirements for group tours will be
determinedon a case-by-case-basis.

4. When not being worn, TLDs shall be stored in racks located in the
Guardhouse in accordance with WP 12-3, WIPP Dosimetrv Proqram Manu.al,
Section I.4.I.

5. All employees shall ensure that their TLDs are routinely exchangedfor
processingupon the Dosimetrysection'srequest. Personnelfailingto make
a TLD availablefor exchangeduring the designatedexchange period shall
be restricted from work in a radiologicalarea until the dosimeter is
returnedto the Dosimetrysectionor a dose estimatehas beencompletedand
a new TLD assigned.

6. Personnel shall not wear dosimeters issued by the WIPP while being
monitored by a dosimeterat another site. TRU waste truck drivers are
excluded from this policy per WP 12-3, WIPP Dosimetr.yProqram Manual,
Section1.4.1.Personnelshallnot exposetheirdosimetersto securityx-ray
devices,or medicalsourcesof radiation. If a primarydosimeterhas been
subjectedto any of the above conditions,the Dosimetrysection shall be
notified immediately. If it is a supplementaldosimeter, OHP shall be
notified immediately. Deliberate abuse of any dosimeter is a basis for
disciplinaryaction.

7. Every reasonableeffort shall be made to avoid radioactivecontamination
of dosimetersto preventpossibleerroneousmeasurements.

512 TechnicalRequirementsfor ExternalDosimetry

I. The expected radiation fields at the WIPP are all within the scope of
DOELAP. Although it is not anticipatedthat there will be a need for
extremitydosimeters,this will be verified during the preparationof a
RadiologicalWork Permit (RWP).

2. Need for extremitymonitoringshall bedeterminedby the OperationalHealth
Physics(OHP)Managerand the DosimetryManageron an individualjob basis.

3. All dose indicatedby a damagedor contaminateddosimetershall be assumed
to have been received by the individual unless it can be clearly
demonstratedotherwise.

4. RadiationSaFety or the Dosimetry section shall be immediatelynotified
whenever there is a question concerning the ability of a dosimeter to
performproperly.

5. All employees,visitorsand contractorpersonnelworkingat the WIPP shall,
upon request, provide a history of prior work with sources and with a
releaseallowingthe WIPP to have a complete record of exposurereceived
while performingsuchwork.

6. The Dosimetry section shall prepare and retain exposure records in
accordance with Chapter 7, Radiological Records and WP 12-3, WIPP
Dosimetry.ProgramManual.



,EXTERNALDOSIMETRYTECHNICALBASIS RADIATIONEXPOSURESOURCETERMS

2.0 RADIATIONEXPOSURESOURCETERHS

TRU waste is radioactivewaste that, without regard to source or form, is
contaminatedwith alpha-emittingTRU radionuclideswith half lives greaterthan
20 years in concentrationsgreater than 100 nCi/g. Heads of DOE Field
Organizationscan determinethat other alpha-contaminatedwaste, peculiarto a
specificsite,must bemanagedas TRU waste (seereference8.9, paragraph3.1.1).

The criteriaby which TRU waste will be accepted for emplacementat the WIPP
facility and a description of the basis upon which these criteria were
establishedare presented in WIPP-DOE-069(WasteAcceptance Criteria for the
Waste IsolationPilot Plant) (see reference8.9, paragraph3.1.1).

TRU waste that will be accepted at WIPP is divided into two classifications;
contacthandledTRU waste (CH TRU) and remote handledTRU waste (RH TRU).

The sourcesof radiationexposureat the WIPP facility,duringnormaloperations,
are limitedto the CH TRU and RH TRU waste that will be handledat the facility.
Radiationexposurefor workerscan be in the form of either direct exposureor
inhalation of contaminatedparticulate (reference8.9, Chapters IA.2.2 and
6.1.2.1). Other sourcesof radiationmay include in-plantgeneratedsolid or
liquidradioactivewaste havingradiationlevels that are much lower than those
of the CHTRU waste (reference8.9, ChapterIA.2.3.1and 6.1.2.1). Areas within
the facilitywhere thisexposurecould occur includethe Waste HandlingBuilding
(WHB)and the UndergroundStorageAreas. The source terms describedfor direct
radiation analysis use maximum expected values and conservativeassumptions
(reference8.9, Chapters 1A.2.3.1and 6.1.2.1).

Alpha and beta particleswithinthe waste containersare essentiallyshieldedby
the waste containers themselvesand do not contribute to the external dose
(reference8.9, Chapters IA.2.3.1and 6.1.2.1). Beta-generatedbremsstrahlung
contributionto the gamma spectrumisnot significantand thus was not considered
(reference8.9, Chapter6.1.2.1).

2.1 CONTACTHANDLEDTRANSURANICWASTE

CH TRU waste refers to TRU waste materialsthat are packaged in such a way that
the dose rate at the surfaceof the waste packageis not greaterthan 200 mrem/hr
(reference8.9, Chapter3.1.1.1).

The waste exists irka wide varietyof physical forms. These forms range from
unprocessedgeneral trash and concrete stabilized sludge to decommissioned
machinetools and glove boxes. For acceptanceat the WIPP facility,the waste
must be stabilizedor packagedto eliminateit as a propagationalfire source.
Free liquids are minimized. The density of CH TRU waste is assumed to be a
maximum of 2.2 g/cm3 and is expected to be about 1.0 g/cm3 on the average
(reference 8.9, Chapter 3.1.1.1).

The radionuclide composition of CH TRU waste varies widely among the DOE
facilities that generate the waste. To simplify radiological analyses, the mean
activity of a 55-gallon drum, for each generator, has been normalized (weighted)
based on the estimated number of containers contributed by each facility to the
WIPP. Taking the product of this weighted activity with the individual
radionuclide distributions for each generator and combining them represents the
radionuclide breakdown of an average drum shipped to the WIPP facility. The
representative radionuclide distribution for CH TRU wastes are shown in
Tables 2.1 and 2.2 (reference 8.9, Chapter 3.1.1.1.2).

...................... _.-I
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Table 2.I

' , ' i "J",' , ,,, ' , , ,'F , " ,, " _ ii , ......r ,,,,,, , ,, • ,,,,,_, _ ,,,,, i ,,,

REPRESENTATIVERADIONUCLIDECONTENTOF CH TRU WASTE
DRUM

,,, , , ,,,,, ,, L , , , ,,, i, , , , , ,, , '"l
i

RADIONUCLIDE MASS PERCENT [ ACTIVITY

. , ,.,,._ , '_ "'_rams./containerpI (Ci/container),,, ,, ,, ,

Th-232 6.0 E + O0 6.6 E - 07

U-233 1.7 E + O0 1.7 E - 02

U-235 4.0 E - 01 8.8 E - 07

U-238 1.0 E + 01 3.5 E - 06

Np-237 3.1 E - 02 2.2 E - 05

Pu-238 6.2 E - 01 1.1 E + OI

Pu-239 1.4 E + 01 8.5 E - O]

Pu-240 8.5 E - O] 1.9 E - 01

Pu-241 6.6 E - 02 6.8 E + O0

Pu-242 7.8 E - 03 3.1 E - 05

Am-241 4.9 E - 01 1.7 E + O0
,_

Cm-244 4.2 E - 04 3.4 E - 02

Cf-252 I.O E - 05 5.4 E - 03

Total 3.4 El 20.6
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Table 2.2

,, , ,,,,, ,,,m ,, l ,,,

REPRESENTATIVERADIONUCLi[_ECONTENTOF CH TRU WASTE
STANDARDWASTE BOX

, "_ i

RADIONUCLIDE MASS PERCENT ACTIVITY

(grams/container) (Ci/container)

Th-232 1.2 E + O] 1.3 E - 06

U-233 6.7 E + O0 6.5 E - 02

U-235 9.6 E - 01 2.1 E - 06

U-238 2.5 E + 01 8.3 E - 06

Np-237 4.4 E - 04 3.1 E - 07

Pu-238 4.2 E - 02 7.2 E - 01

Pu-239 7.9 E + 01 4.9 E + O0

Pu-240 6.5 E + O0 1.5 E + O0

Pu-241 6.7 E - O] 6.9 E + 01

Pu-242 7.5 E - 02 2.9 E - 04

Am-241 2.1 E - 01 7.3 E - 01

Cm-244 8.6 E - 05 7.0 E - 03

Cf-252 2.1 E - 06 1.1 E - 03

Total 1.3 E2 77.0

Accordingto the Waste AcceptanceCriteria (WAC),the fissilematerialcontent
in equivalentgrams of 239Puis a maximumof 200 grams for a 55-gallondrum and
5 g/cm3 up to 350 grams for boxes. These limitshave been evaluatedto show that
they pose no criticalityconcernat the WIPP facility. The averagecontent is
approximately17 grams for a 55-gallondrum and 90 grams for the most common box
used to store waste (4 feet by 4 feet by 7 feet) (reference 8.9, Chapter
3.1.1.I.2).

By definition,the surfacedose rate on CH TRU waste containersis not greater
than 200 mrem/hr. In practice,very few of the containerswould have surface
dose rates approachingthe maximum. Presentinformationsuggeststhat the mean
surface dose rate for drums to be shipped from all generators to the WIPP
facilitywill be less than 14 mrem/hr. This averageis based on the Integrated
Data Base,which is frequentlyupdatedby the DOE. Wheneversuchupdatesoccur,
the averagewill be re-evaluatedand impacts of changes assessed. For this
reportthe averagesurfacedose rate on a 55-gallondrum or box of CH TRU waste
is assumedto be 14 mrem/hr. This is a conservativeestimate that providesan
adequate margin should there be an increase in surface dose rate due to
radionuclideconcentrationin waste processing,ingrowthof _IAm, or a changein
the internal shielding configuration. The WAC requires that packages with

?..'_
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neutron surface dose rates greater than 20 mrem/hr have these rates noted
separatelyin the data package (reference8.9, Chapter3.1.1.1.3).

The averagedose rate for a CH TRU waste 55-gallondrum is 14.0 mrem/hrat four
inchesfrom the surfaceand for a standardwaste box (SWB) is estimatedto be 5
mrem/hr (reference8.9, Chapter IA.2.4.1).

2.2 REMOTE HANDLEDTRANSURANICWASTE

A fractionof the TRU waste generatedexceedsthe CH TRU surfacedose rate of 200
mrem/hr. This waste is designated as RH TRU waste (reference 8.9, Chapter
3.1.1.2).

The Oak Ridge NationalLaboratoryis projectedto be the predominantsource of
RH TRU waste. The existingRH TRU waste _ontainsa wide range of radionuclides.
For use in analyzingpostulatedaccidents,an averagereferencewaste has been
derived. This referencewaste consistsof a normalizedactinideinventorybased
on the currentdata base and an assumeddistributionof mixed activationand
fissionproducts. Table 2.3 characterizesthe radionuclidecontent of RH TRU
waste. Concentrationsof all radionuclideswill not exceed 23 Ci/l (reference
8.9, Chapter3.1.1.2.2).
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Table 2.3

' , ,f ,,,, . 'l ' ' , , ' , ., ', ir , _- 'f'-- P '"f_" . _

REPRESENTATIVERADIONUCLIDECONTENTOF RH TRU WASTE
,, ,, .... _ ,';' ., '"_ " . _ •, , i i

RADIONUCLIDEe Ci/canister Ci/l
:: , ' ' , ,.. ",;' ' ', , , ,,,, , ' ',I i ,, ' i "" , .,, i

Co-60 1.7 E - 01 2.0 E - 04

Sr-90 5.1 E + O0 6.0 E - 03

Ru-106 3.5 E - 02 4.2 E - 05

Sb-125 1.1 E - 03 1.2 E - 06

Cs-137 4.3 E + O0 5.0 E - 03

Ce-144 3.4 E - 01 4.0 E - 04

Eu-155 1.7 E - 03 2.0 E - 06

U-233 5.5 E - 03 6.5 E - 06

U-235 3.0 E - 03 3.6 E - 06

U-238 1.5 E - 03 1.7 E - 06

Pu-238 5.7 E + O0 6.7 E - 03

Pu-239 6.8 E + O0 8.0 E - 03

Pu-240 2.2 E + O0 2.5 E - 03

Pu-241 1.2 E + 01 1.4 E - 02

Pu-242 3.8 E - 04 4.5 E - 07

Am-241 2.1 E - 01 2.5 E - 04

Cm-244 1.6 E - 01 1.9 E - 04

Cf-252 2.8 E - 01 3.3 E - 04

Total 3.7 E + 01 4.3 E - 02

a daughter _roduct$ are not; included

An upper limitof 1000rem/hr is definedas the maximumdose rate at the surface
of a RH TRU wastecanister. However,no more than 5 percentof the totalallowed
volumeof 250,000cubic feet will exceed 100 rem/hr surfacedose rate. Neutron
contributionsare limited to 270 mrem/hr. On an exception basis with prior
approval,RH TRU waste canisterswith a dose rate in excess of 100 rem/hr,but
less than I000 rem/hr, may be shipped to the WIPP facility (r'eference8.9,
Chapter3.I.I.2.3).

The averagedose rate for RH TRU waste transportcasks and RH TRU facilitycask
is estimatedto be 2.0 mrem/hrat four inches from the cask surfaces(reference
8.9, Chapter IA.2.4.1).
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2.3 EXTERNALDOSEESTIMATES

Radiologicalimpactsduringnormaloperationshavebeenestimatedfor the primary
occupationallyexposedgroups involvedin waste handlingoperationsat the WIPP
facility. The resultsare representativevalues,determinedby estimatingdose
rates basedon shieldinganalyses,the characterizationsof the waste forms,time
and motion/manpowerstudiesfor the handling of the waste, and the estimated
quantitiesof waste received. The time and motion/manpowerinformationused is
based on the currentconceptof staffinglevelsand the organizationplannedfor
WIPP facilityoperations(reference8.9, Chapter IA.2.4.1).

In unshieldedareas, estimatedexposurerates are based on the dose rates from
waste containersand the expectedrange of distancesbetweenradiationsources
and personnel. For shieldedareas,e.g., immediatelyoutsidethe hot cell, the
exposurerate is conservativelyestimatedfrom shieldinganalysesthat consider
effectivenessusing experimentalwaste as the design source (reference8.9,
Chapter IA.2.4.1).

Althoughthe CH TRU wastecontainsalpha-and beta-emittingnuclides,the primary
radiationof ihterestin shieldingcalculationsis gamma rays. Alpha and beta
particles are essentially shielded by the waste containers and do not
significantlycontributeto the externaldose with the possibleexceptionof a
beta-generatedbremsstrahlungcontributionto the gamma spectrum. For shielding
design calculations, a spectrum representing typical waste containing TRU
nuclidesand fissionproductswas derived. The gamma spectrumselectedas being
representativeof the CH TRU waste gamma radiationis characterizedby an RH TRU
radionuclidedistributionwith a reducedphoton source. The selectionof this
spectrumis believedto yield conservativeresultssincethe photonenergiesare
greatlyskewedto the higherenergies. Photonenergiesfor TRU radionuclidesare
typicallymuch lower (reference8.9, Chapter6.1.2.1).

The averageand maximumgamma sourcestrengthsused in the CH TRU waste shielding
calculationsare based on a designaverageCH TRU waste surfaceexposurerate of
10 mrem/hr and the maximumCH TRU waste surfaceexposurerate of 200 mrem/hr.

Photonsof up to 2 MeV are expectedfrom eitherCH or RH wastes. These energies
are coveredby DOELAP performancetestingindicatingadequateperformanceof the
WIPP Dosimetrysystem for the expected sources.

A few neutron sources have been identifiedfor CH TRU waste, but the neutron
component of the total dose rate for these few identified waste forms is
typicallyquite small (reference8.9, Chapter 6.1.2.1).

The estimatedannual exposure during normal CH TRU waste handling to various
categories of workers is as follows (reference 8.9, Chapters IA.2.4.1 and
6.1.4.2):

• Waste Handlers 0.70 rem/yr
• RadiationControl 0.60 rem/yr
• Average Individual 0.68 rem/yr
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The estimatedannual exposure during normal RH TRU waste handling to various
categories of workers is as follows (reference8.9, Chapters IA.2.4.1 and
6.1.4.2):

• Waste Handlers 0.09 rem/yr
• RadiationControl 0.25 rem/yr
• Average Individual 0.12 rem/yr

Th_ estimatedannualexposureduringnormalhandlingof all TRU waste to various
categoriesof workersis as follows(reference8.9, Chapter6.1.4.2):

• Waste Handlers 0.79 rem/yr
• RadiationControl 0.87 rem/yr
• Average Individual 0.81 rem/yr

Abnormal operations include tasks such as cask and waste container
decontaminationand repair. It is conservativelyassumed for purposes of
assessingradiologicalimpacts that I percent of RH shipping casks require
externaldecontaminationand I percentof the CH TRU containersare damagedor
contaminatedto the extent that decontaminationor over-packingis required.
Externalradiationdose to personnelfor each abnormaloperationalactivityis
estimatedto be 0.11 person-rem/yrfor CH TRU waste handling and 0.03 person-
rem/yrfor RH TRU cask decontamination(reference8.9, Chapter IA.3).

.......... __?..................
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3.0 WIPP EXTERNALPERSONNELDOSIMETRY

To implementthe personnelexternal radiationmonitoring requirementsof DOE
Order 5480.11at the WIPP site, all site personnel(Westinghouseemployees,WPSO
staff, SNL personnel, subcontractors,and visitors) will be classified as
belongingto one of the followingexposuregroup classifications(reference8.12,
Section1.4.1):

Group I Personnelwhose job descriptiongives them the potentialto
work (on the average)more than 10 hours per week or in the
proximity of radioactivematerials in a RMA (radioactive
material area).

Group II Personnelwho work (on the average) less than 10 hours per
week with or in the proximity of radioactivematerials in
RMA(s).

Group Ill Personnelwho do not routinelyperformwork with or in the
proximityof radioactivematerialsin RMA(s).

Upon waste receipt, external radiationmonitoring at the WIPP site shall be
performedaccordingto the samplingrationaleand scheduledfrequencyshown in
Table 3.1 (reference8.12, Section1.4.1). The WIPPmay elect to performall or
part of the monitoring program prior to waste receipt. The purposes of
conductingexternaldosimetrymonitoringprior to waste receiptmay include(but
not limitedto) maintenanceof DOELAPaccreditation,trainingand qualification
of dosimetrypersonnel,monitoringof selectedworkerswith recordedexposure
from previous jobs, and training of site personnel on the use and care of
dosimeters.

..... __1 .................................................
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Table 3.1

WIPP ROUTINEEXTERNALMONITORINGSCHEDULE

EXPOSURE PORTION METHOD OF FREQUENCYOF FREQUENCYOF
GROUP OF GROUP MONITORIN MONITORING READING

SAMPLED G
& : ,_ ........ ,....

I, II All DRD" Continuouswhile Each entrance
in RMAb and exit

TLD Continuouswhile Quarterly:
on WIPP site

, ,, ,, ,,,,, , ,,,,,,,

Ill All TLD Continuouswhile Quarterlyc
on WIPP site

, ,,,

Visitors All TLD Continuouswhile Upon completion
on WIPP site of visit

,, ,,,,, ,,

a Direct-Reading Dosimeter
b Radioactive MateriaLs Area
c MonthLy if exposure is ex_ct_ to approach 1 rein annuaLLy.

Upon receiptof TRU waste, all individualsshall be issued a TLD. Brief verbal
and writteninstructionswill be providedon the proper use and care of the TLD.
Monitored individuals are instructed to leave the dosimeter at the site
entry/exitwhen leavingthe site and to pick up their assignedTLD uponreturni,ag
to the site. An exceptionto this policy is for the TRU waste truckdrivers,who
will wear their dosimetersduring transportof the TRU waste (reference8.12,
Section1.4.1).

TLDs will be exchanged quarterly for most individuals. Individualswith
projectedexposuresapproachingi rem annuallywill have their TLDs exchanged
monthly. In addition, TLDs will be exchanged more frequently if the daily
recordingof the direct-readingdosimeter results approach an Administrative
Control Leve_, or other conditions exist that require immediate dosimetry
results. Ccnditions that would require immediatedosimetry results include
(reference8.12, Section 1.4.1)"

• potentialoverexposure
• potentialor expectedpregnancy
• lost or damageddosimeter

potentialor expected internalexposure
• other conditionsor situationsas determinedby the ES&H Manageror the

DosimetryManager

The current WIPP External Dosimetry Programpolicy is to provide TLDs to all
individualsentering the WIPP Site upon the receipt of TRU waste. This is a
conservativepolicy that ensures that any individualwith the potential to
receivean annualexternalwhole body dose greater than 100 mrem per year will
be providedpersonneldosimetry (reference8.6, Article 511). This policy is
justifiedfor the followingreasons"

• Obtaininginitial DOELAP accreditationrequires significantlead time
and operationalexperience
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• DOELAP re-accreditation requires the continued demonstration of
proficiency

• The initial training and experience of individuals in the proper
wearing,use, and care of the TLD will ensurecontinuedgood practices
in personneldosimetryupon the arrivalof TRU waste at the WIPP site

This policy will be re-evaluatedwhen sufficient operationalexperienceand
informationis obtainedsuch that continuedcompliancewith Article511 of the
DOE RadiologicalControlManual may be demonstratedwhile providingpersonnel
dosimetryto fewer individuals.

3.1 THERMOLUMINESCENTDOSIMETER(TLD)

The TLD utilized at the WIPP site is the HarshawI 8805. This dosimeter is
composedof a four elementTLD card placed in a TLD card holder. The TLD card
holder has variousradiationfilters over the TLD card elements to determine
radiationtype and quality. The quantityof radiationis determinedby reading
the TLD card in a TLD card reader and processingthe TLD card elementreadings
througha dose calculationalgorithmwhich reportsthe deep, shallow,andneutron
radiationdose in units of rem (reference8.8).

3.1.1 TLD Card

The Harshawmodel 8801 (7776-1141)TLD card is composedof fourthermoluminescent
(TL) elements encapsulatedbetween two thin sheets of teflon and sandwiched
betweenaluminumjackets. The jacketshave four holes for the TL elementssuch
that the TL elementscan be heatedby the hot N2 gas and the resultingTL signal
recordedby the photomultipliertubes of the reader (reference8.8).

'Harshaw was the original name of the company that developed the TLD card and

TLD card reader system. The name has changed from Harshaw, to Harshaw/Filtrol

Partnership, to Engelhard Corporation, to Solon Technologies Inc. (STI), and now

to Bicron. The TLD cards and TLD card reader products are now in the

Harshaw/Bicron Radiation Measurement Products product line of Bicron. For

simplicity, this report will continue to use the word Harshaw.
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The physicalattributesof the 8801TLD cardTL elementsare listed inTable 3.2.

Table 3.2

, ,, ,,i , i ,.- i, i ,, , . ,..,_ ,' ', ', ,. , i ,i

I ..... TLD CARD PHYSICALATTRIBUTES, ,, ,,'., i ,,,. , ,, , L ,, ,, , .,.... ,.. ,,, , ,, ,_,,,,. , ,_

POSITION MATERIAL SIZE THICKNESS

.... , ........... , ,,...... (inches) , , (inches)"" ,.., ,,;I

,.. I TLD-700 I/8" x_,I/8" 0,:,,015"

2 TLD-700 I/8" x I/8" 0.015". , , ,, , ,, , , .,, ,

3 TLD-700 1/8" x I/8" _ 0.0036"_,,,, , i . ,,, ,. , ,

4 TLD-600 I/8" x I/8" 0.015"
" '' T '"1'1 Z' ZZ[ : i '' ']

A barcode is positionedin the center portionof the card to uniquely identify
each card.

The LithiumFluoride(LiF) (TLD-700)material has a characteristicglow curve.
The attributesare listed in Table 3.3 (Harshawtrainingmanual, 1990).

Table 3.3

- ', ,,,,, , , ,,_ , ,,' ,,,, ,_ .,

TLD-7OOGLOWCURVECHARACTERISTICS
_ ' , , ,,,,, ,7 , ,,.,,:

CLOW CURVE PEAK TEMPERATURE(°C) FADE (half life),, ,.. , ,, ,r ' ' , , ,. .f_, . ,.. ' _I_,," _ ,, ,h_ , '

I 59 20 seconds- 5
minutes

2 120 10 hours

3 137 0.5 years

4 170 7 years

5 195 80 years

The TLD-700chip is LiF enrichedwith approximately99.93% 7Li and the TLD-600
chip is LiF enrichedwith approximately95.62% 6Li. The TLD-600 chip is the
neutronsensitiveelement.

3.1.2 TLD Card Holder

The Harshaw8805 TLD card holder is configuredwith various radiationfilters.
The filtersare listed in Table 3.4.
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Table 3.4

' i ' ' rl _ i ,,, ", ,. J_ ,,. , ,i_i ,, ,,,, , , ,,, ,._

TLO CARDHOLDERCHARACTERISTICS
,, .v_, ', ,. "," ', , , , ' " , ,_., "' 'I '' ' ± i ' ;i ,iV ,|

POSITION MATERIAL

(mD/cm2)L ,,, "" ,,, , _ ,,,,, ' '" _; ,, ,,m,, '"',' _ _'_"

I ABS/Teflon(1000)

2 ABS (242)
Cu (91)

3 My}ar (17)

4 ABS (300)L , , "'" ' "' "' ' ' ,,,

3.1.3 ThermoluminescentDosimeter

The WIPP ExternalDosimetry Programutilizes the Harshaw model 8805 TLD card
holder. A Harshawmodel 8801TLD card is placed inside the card holder. The
entirepackageconsistingof one TLD card in a TLD card holder is referredto as
the WIPP personneldosimeter.

3.1.4 HarshawTLD System 8800C Card Reader

The Harshaw8800C TLD Card Reader system consistsof two major components,the
TLD card reader and the TLD Radiation Evaluation and Management System
(TLDREMS2) softwareresidenton a personalcomputer (PC).

The HarshawTLD System8800C Card Readeris a fully automatedinstrumentfor TLD
measurement. It combineshigh capacity and throughputcapabilitieswith non-
contactheating. A preciselytemperature-controlledstreamof hot nitrogengas
is used to heat the TL elements,with the benefitsof increasednumber of re-
uses, extendedcard durability,and dramaticimprovementin the reproducibility
of glow curves. Up to 1400 cards may be loaded into the TLD card reader for
automaticoperation.

A transportmechanismin the TLD cardreadermoves one card at a time to the read
station. Here, the barcodeidentificationnumber is read and the card elements
are heated causingthem to give off light in proportionto the radiationthey
havereceived. The elementsare heatedby amicroprocessor-based,hot gas system
capableof generatinga preciselycontrolledtime-temperatureprofilethat can
be appliedsimultaneouslyto the four TL elements of the card withoutphysical
contact betweenthe heater and the TL element. Photomultipliertubes (PMTs)
convert the emitted light to electrical signals that are transmitted to a
microprocessorbased data acquisitionsystem.

As data is generatedby the TLD card reader, it is transmittedto the TLDREMS
software where it can be monitoredas it is received, and stored for future
referenceand reporting. TLDREMSsoftwarealso stores infor_,ationused by the

2TLDREMS (TLD Radiation Evaluation and Management System) is a saftware program

developed by Harshaw.

- k..... ....
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TLD card reader in its operations,such as time temperatureDrofiles3 (TTPs),
ReaderCalibrationFactors'(RCFs),and ElementCorrectionCoefficients5 (ECCs),
requiringthat the two componentsof the system be interactive,::_ng all card
read operations. It is also usedto set the TLD card readeroperatingparameters
and to performa varietyof calibrationand QualityControl (QC)operations. The
various QC checks includecontinuedTLD card reader operationallimits on PMT
Noise readings,ReferenceLight readings,and QC card readings.

3.1.5 TLD Calibrationand Controls

Calibrationand controlprograms,policiesand proceduresare inplace to ensure
the continuedqualityof the TLD measurementresults. The followingactivities
are included:

• acceptancetestingof TLD cards, TLD card holdersand TLD card readers

• daily calibrationof TLD card reader

• scheduled routine maintenance of the TLD card reader, additioral
maintenanceas needed by QC trendingand operationalcontrols

• QC trending of TLD card reader operational parameters (reader
calibrationfactors)

• calibrationof fie_J TLD cards (elementcorrectioncoefficients)on an
annualbasis

• QC trendingof TLD card elementcorrectioncoefficients

3No preheat (50 °C for O seconds)_ temperature ramp of 25 °C per second up to

a maximum of 300 °C, 13 1/3 second:_ acquire time, and no anneal (300 °C for 0

seconds). _To explicit anneal is necessary since an implicit annealing is

performed. The 300 °C maximum temperature specified will be reached in

approximately ii seconds; the remaining 2 1/3 seconds are held at the 300 °C

maximum temperature, thereby giving the same effect as an explicit 2 1/3 second

anneal at 300 =C. The calibration region contains all 200 channels, encompassing
peaks 1-5 in the LiF glow curve.

'The RCFs (nC/gU) serve three main purposes. First, they are used to convert

from units of electrical charge (nC) (the output of the photomultiplier tube that

measures the light output of a TLD chip) to generic radiation units (gU).

Second, they monitor and adjust for a specific TLD reader system's sensitivity

variations over time. Lastly, they are also used to adjust for sensitivity

variations between two or more TLD readers. An RCF is related to the efficiency

of a particular TLD reader channel under a specific time-temperature profile.

_An ECC is used to improve the precision of the TLD system by adjusting for

differences between TLD cards. It normalizes the response of each field card to

the mean response of all calibration cards. An ECC is similar to the element

correction factor (ECF) concept proposed by Plato and Miklos, with two

exceptions. First, ECCs are multiplicative correction factors, whereas ECFs are

used as divisors. Secondly, the ECC method uses only a single exposure, whereas

multiple exposures are usually used to generate ECFs. The excellent precision

of the non-contact, hot-gas heating system in the Harshaw model 8800 TLD system

makes multiple exposures unnecessary. There is one ECC for each chip in the 8801

(7776-1141) TLD card.

3-6
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• operationalQC controlsduringreadingof TLD fieldcards (QCcards,PMT
noise QC limits, reference light QC limits, high TLD card reading
aIarms)

• storage,handling,and cleaningcontrolson TLD cards

• assignment,issue, and return verificationof TLD card assignmentsto
individuals

• return inspectionof TLDs

• backgroundmonitoringperformedmonthlyand quarterly

• TLD lab contaminationsurveys (will be performed monthly after the
deliveryof the first shipmentof TRU waste)

• QuarterlyBlind Testingprogram

• DOELAP Accreditationand scheduledre-accreditation

The quarterlyblind testingprogramis controlledby procedure(reference8.12)
and implementedby thedosimetryCognizantQA Engineer. The dosimetryCognizant
QA Engineerselectsa subsetof the DOELAP irradiationcategoriesapplicableto
the WIPP site each quarterfor testing. The selectionis arrangedsuchthat all
DOELAP irradiationcategoriesapplicableto the WIPP site are testedeach year.
Five TLDs are used for each DOELAP irradiation category tested and the
irradiationsare performed at the Pacific Northwest Laboratory (PNL). The
dosimetryCognizantQA Engineerthen evaluatesthe reporteddoses againstthe
known values from the PNL using the method describedin DOE/EH-O027(reference
8.5). A tolerancelevel of 0.5 is used ratherthan values listed in DOE/EH-O027
due to the smallernumber of TLDs tested for each DOELAP irradiationcategory.

3.2 DIRECT-READINGDOSIMETER

The direct-readingdosimeter (self reading pocket dosimeter and the digital
alarming dosimeter) are the supplementaldosimeters that provide real-time
indicationof exposureto radiationand assist in maintainingpersonneldoses
less than AdministrativeControl Levels. These dosimeters may be worn by
radiationworkers, other WIPP personnel, and visitors in order to provide a
qualitativecheckof externalradiationexposureson a daily (orper visit)basis
(reference8.13, Section513).

The TLD will be exchanged immediatelyif the daily recording of the direct-
readingdosimeterreadingsapproach an AdministrativeControl Level, or other
conditionsexist that require immediatedosimetryresults.

Pocket and electronicdosimeters are calibrated at least semi-annually(per
procedures WP 12-528, CalibrationCheck and Operation of the Xetex Digital
Dosimeter Model 415b and WP 12-529, Self Reading, Pocket-Type Dosimeter).
Direct-readingdosimetersbear a label or tag with the date of the calibration
and the date the calibrationis due.
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4.0 PERSONNELDOSEASSESSMENTMETHODOLOGIES

4.1 ROUTINEDOSEASSESSMENT

The TLD is the primary dosimeter used at the WIPP for measuring personnel
radiationexposurefor permanentrecordpurposes. The TLDmeasures beta,gamma,
and neutronexposureand distinguishesbetweenpenetratingand non-penetrating
radiations. The direct-readingdosimeter(selfreadingpocketdosimeterand the
digitalalarmingdosimeter)are the supplementaldosimetersused at the WIPP for
providing real-time indication of gamma radiation exposure. The Dosimetry
section is responsiblefor issuingand controllingprimary dosimetry (TLDs).
OperationalHealth Physics (OHP) is responsiblefor issuing and controlling
supplementaldosimetry(reference8.13, Section 511).

4.1.1 Daily ExternalDose Assessment

Direct-readingdosimeters(DRDs) shall be issued by OHP to personnelprior to
entry into a Radiation Area, when a person could exceed 10 percent of an
AdministrativeControl Level from external radiation in I work day, or when
requiredby a RadiologicalWork Permit (RWP). The specificationsfor the number
and type of DRDs is recorded on the RWP. These dosimeters shall be worn
simultaneouslywith the primarydosimeter. They shall be read before entering
areasrequiringthem,periodicallywhile in use (approximatelyevery15minutes),
when exitingthe controlledarea, and shouldnot be allowedto exceed75 percent
of full scale. Daily assessmentof externalradiationexposure is performedby
readingand recordingthe accumulatedradiationdose measured by the DRDs upon
each exit of the RMA. Daily measurementsare accumulatedand trackedto ensure
that no individualapproachesor exceedsthe WIPP AdministrativeControlLevels
(reference8.13, Section513).

If the TLD results exceed 100 mrem and the DRDs daily accumulationreading
resultsdifferfrom the TLD resultsby more than 50%, a dosimetryinvestigation
is performedto resolve the discrepancy. Any changes to the TLD results are
documented(reference8.13, Section513).

Individualswith off-scaleor higher than expectedDRD readingsshall promptly
reportthe readingsto RadiationSafety. RadiationSafetyshall investigateand
documentthe cause of the readings. Their TLD shall be exchangedand processed
to asses their externalradiationexposure. The individualshall be restricted
from radiologicalwork until their compliance with dose limits is verified
(reference8.13, Section513).

4.1.2 TLD ExternalDose Assessment

TLDs are normallyexchangedfor all WIPP site personnelon a quarterlyexchange
schedule. TLDs for individualswhose externalradiationexposureis expectedto
approachI rem annuallyare exchangedmonthly. IndividualTLDs may be exchanged
immediatelyiftheirdirect-readingdosimeterdailyaccumulatedreadingsapproach
or exceedtheWIPPAdministrativeControlLevels. VisitorTLDs are returnedupon
completion_oftheir visit (reference8.12, Section 1.4.1).

ExchangedTLDs are taken to the TLD ProcessingCenter where they are received,
inspected,and disassembled. The bar code number on the TLD card is verified
against the number of the TLD card that was issued to the individual. Any
discrepanciesin the assignment,issue, and return of the TLD card/TLD are
investigated.



I

EXTERNALDOSIMETRYTECHNICALBASIS PERSONNELDOSEASSESSMENTMETHODOLOGIES

The TLD cards are read in the Harshaw 8800C TLD card reader and the readings
recorded. The TLD card readings are processed through the Harshaw dose
calculationalgorithm(reference8.8) to calculatedeep, shallow, and neutron
dose (rem). Ifneutronexposureisexpected,the WIPP ExternalDosimetryProgram
specifiesthe use of an unmoderatedneutrondose conversionfactor in the dose
calculationalgorithmwhich will result in a conservativeestimationof neutron
dose at the WIPP site. The data processing software and the dose algorithm
performsvariousQC checks. The final externaldose assessmentresultsare held
in suspenseuntil all QC check failuresare resolved,documented,and approved
by the DosimetryManager. Final externaldose assessmentresults are recorded
in the individual'sdose historyfile.

4.1.3 Non-UniformExposureof the Skin

Non-uniformexposuresof the skin from x-rays,beta radiationand radioactive
materialson the skin, includinghot particles,shall be assessedand recorded
as specifiedin Table 4.1 (reference8.13, Appendix 2C).

4-2



EXTERNALDOSIMETRYTECHNICALBASIS PERSONNELDOSEASSESSMENTHETHODOLOGIES

Table 4.1

,, ,, ,, ,, ,, ,,, ,i , ,, , ,,,, ,, ,,,,, ,, , , ,,, f[ i ii

NON-UNIFORMSKIN EXPOSUREDOSEASSESSMENT
"_ , ,,,, ,I,','' ,,,,, , ,, ,, ,,, ,, ,,,, ,., ....,.,_..... , !,, _, ' i

AREA OF METHOD OF AVERAGING,ADDING TO OTHER DOSES RECEIVED,
SKIN AND RECORDINGNON-UNIFORMSKIN DOSE

IRRADIATED
I',, ,,,,, , , ' ' ,,, ,, ' ,, , " '" ,, ,,, , ,, ,

100 cm_ Averaged over the 100 cm2 of skin receivingthe maximum
dose. Added to any uniformdose equivalentalso received
by the skin. Recordedas the annual extremityor skin

. Is.hallow)dose equivalentIH). .....

< 100 cm_ Averagedover the I cm2 of skin receivingthe maximumdose
(D), reducedby the fraction (f) which is the irradiated
area in cm2 dividedby 100 cm2 (i.e. H=fD). Added to any
uniformdose equivalentalso receivedby the skin.
Recorded a' Lhe annualextremityor skin (shallow)dose

.... equivalent. .......

< 10 cm_ Averagedover the I cm2 of skin receivingthe maximumdose.
Not added to any other dose equivalent,extremityor
shallowdose equivalent(skin)recordedfor the annual
dose equivalent. Recorded in the individual'sradiation
dose historyrecord as a specialentry.

,, ,, ,, , ,

Non-uniformskin exposurewill utilizeall availablehealthphysicsinformation
which may include,but not be limitedto the following"

• radiationdetectionsurveyinstrumentationreadings

• radioactivecontaminationswipe radiochemicalanalysis

• hot particleradiochemicalanalysis

• pre-andpost-decontaminationradiationdetectionsurveyinstrumentation
readings

• time motion studies

• VARSKINcomputer code assessments(or other appropriatecalculational
model)

4.2 RADIATIONWORK RESTRICTIONS

Radiationworkrestrictionsmay be imposedon an individualto preventadditional
radiationexposurewhen the currentradiationexposurehistoryof the individual
is in question. Restrictionscan be initiated by either the Dosimetry and
Analytical TechnologyManager or the Radiation Safety Manager. Reasons for
initiatinga radiationwork restrictioninclude(reference8.12, Section1.4.3)"

• incompleteoccupationalradiationexposure history

• exposuresnear or above AdministrativeControl Levels

• uncertainexposure status
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• suspectedor positive internalexposure

• physicalor medical impairment

• fertilefemale policy

• nuclearmedicine procedureinvolvingradioisotopes

• repeated violationof radiologicalsafety rules or procedures

• other circumstancesas determinedby the ES&H Manager

The radiationwork restrictioncan be removedupon resolutionof the issuesthat
led to the radiationwork restriction.

4.3 NON-ROUTINEDOSEASSESS_IEN___T.T

Non-routineexternalradiationdose assessmentsare performedfor the following
conditions(reference8.12, Section! and reference8.13, Sections511 and 513)"

• lost or damaged TLD

• contaminatedTLD

• QC check failuresduring TLD card processing

• QC check failuresduring dose algorithmprocessing

• TLD card elementreadingswith elementresponseratios outsideexpected
ranges and for abnormalglow curves

• estimatedindividualdose greaterthan 50 mrem

• TLD resultsexceeding 100 mrem and the direct-readingdosimeterdaily
accumulationreadingresults differ from the TLD results by more than
50%

• uponrequestof the Dosimetryand AnalyticalTechnologiesManageror the
RadiationSafety ProgramsManager

• upon requestof the ES&H Manager

Non-routine external radiation dose assessments are performed under the
supervisionof the Dosimetry and Analytical TechnologiesManager and/or the
RadlationSafety ProgramsManager. All availablehealth physicsand dosimetry
data should be made available for the assessment and all results shall be
documented,reviewed,and approvedby the appropriateDepartmentManager. The
dose assessment results will then be incorporated in the individual's
occupationalradiationdose historyfile.
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5.0 LOWERLIMITS OF DETECTION

The lower limit of detectability(LLD)study for the WIPP TLD was performedand
a report issuedin 1989 (AppendixA). Based on the LLD study,reportinglimits
of 10 mrem for deep dose and 35 mrem for shallowdose for each read cycle were
established. A summaryof the LLD resultsis providedin Table 5.1.

Table 5.1

_ ,1 ,, i .,, , , , _ , , Jl ,

WIPPTLD LLD RESULTS
(rem)

QUARTERLY° MONTHLyb TRANSITc
DOELAP ..........

CATEGOR Shallow I Deep Shallow I Deep Shallow[ DeepY ' " ,, ' " i, ' .-', . '

I n/a 0.010 n/a 0.007 n/a 0.010,,,. , .......

II _ n/a 0.010 n/a 0.007 n/a 0.010

IIIB 0.038 0.013 0.029 0.009 0.024 0.012
,,.,..,, ., ., . .,.

IV 0.034 0.011 0.026 0.007 0.022 0.010
,, , ,,

VA 0.034 n/a 0.026 n/a 0.022 n/a,,... , , • , ,..,.,

Vl n/.a 0.010 n/a 0.007 , n/a 0.010

IIIB+IV 0.036 0.012 0.027 0.008 0.023 0.011
,,, ,..

IIIB+VA 0.037 0.012 0.028 0.008 0.024 0.011
'' '1

IV+VA 0.036 0.011 0.027 0.008 0.023 0.0_0
,,, , , _.

IIIB+VI n/a 0.010 n/a 0.007 n/a 0.010,,,

IV+VI n/a 0.010 n/a 0.007 n,/a 0.010,....... ,,

a 109 day period
b 58 day period
c 51 to 65 day period

The transitresultsare from the pooledtransitdosimeterdata from the
three rounds of WIPP 1989 DOELAP performancetesting.

n/a not applicable

See Table 1.1 for an explanationof the DOELAP irradiationcategories.

_.I ................
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6.0 ANGULARDEPENDENCE

The angulardependencestudy for the WIPP TLD was performedand a report issued
in 1989 (AppendixB) The transmittal from A M Nazarali with angular
dependenceplots is providedin AppendixC. A summaryof the angulardependence
results is providedin Tables 61 through65. The values in the tableswere
normalizedby dividingthe dose calculationalgorithmresults at each angle by
the delivereddose at normal incidence(zero angle)
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Table 6. !

, i i, E: i , L ' I I I "' u i i ,, , , "" "' " :

"WIPPTLD ANGULARDEPENDENCE
_'Cs IRRgDIATION

[ ....... ,,, ., ,-u, ,, ", , , '"_'.. " ',' ,,--, " "' i,l' ' '""'

ANGLE HORIZONTALROTATION VERTICAL ROTATION

.......i...........1........ Deep Shal1ow Deep ShaI1ow
,, 'I' ,,,, _7 , , .' ,i

-90 0.926 0.926 0.881 0.836
,,. ,, ,, .,, ,. _ , ,

-85 O.983 O.983 O.908 O.891
, , ,,, ,, ,,,,, ,,, , ,,i.

-75 1.015 1.015 0.936 0.915
,,, , . ..,,, , ,.

-60 I.025 I.025 0.966 0.966
,,, ,, , . , ,.,,, _ ,, __ • ,

-45 0.977 0.959 0.974 0.968
, ,,,,,, ,. ,, , ,

-30 0.970 0.959 0.985 0.945
•. , .. ,., , , , ,,,,,,,,

-15 0.964 0.953 0.994 0.956
, . .,.

0 0.951 0.942 0.990 0.946
. ,, ,. ,,

15 0.946 0.925 0.992 0.959
,,m , ,,, ,,,

30 0.993 0.941 0.993 0.993
L , , I, .= , , ,i Ill,. , Ill --

45 0.965 0.961 0.970 0.970
, ,,., ,,., ,,, • ,, ,,,

60 0.960 0.935 0.987 0.987
. ,,, .. , ,. ,.,.,

75 0.968 0.964 1.011 1.011
,,,,,

85 0.933 0.815 0.982 0.982
,,,., ,,. ,,,,,,. ,,

90 0.728 0.592 0.952 0.952
,,,

,,
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Table 6.2

i l Hr , , ,..

WIPP TLD ANGULARDEPENDENCE
K-17 IRRADIATION

ANGLE HORIZONTALROTATION VERTICALROTATION

........11 .........................Deep Shallow Deep Shallow, ,,,,,,, "I" ,., " ',,'l"" , , .. , . .,.,.,,,,, '"_ f

-90 0.078 0.043 0.079 0.069
, ,, . , i ,, ,,,,,,, ,,,,, , ,,,

-85 0.187 0.274 0.244 0.117
,,, ii , ,., ,

-75 0.646 1.835 0.618 0.719
,, , u,, ,. , i i, ,,,,

-60 0.786 1.376 0.882 0.879
, ,, i ,,,,,,, ,,,, ,,, , ,m ,, ,,, .

-45 0.992 1.126 0.975 1.128
, ,,, ,, ,,. , ,,,

-30 1.051 0.988 1.071 0.979
,,, ,,,,, ,,, ....

-15 1.079 0.896 1.059 0.856,,, ., , ,.,,

0 1.041 0.868 1.020 0.833
,,,, ,,. , , ,,. , ,

15 1.058 0.901 1.046 0.919
,. , , ,, ,,.. ,. ,

30 1.039 0.925 0.983 0.991
,... ,, ,,,, ,. ,,,,, ,

45 1.063 0.994 0.942 0.998
,. ,,. , ,,,

60 0.930 1.232 0.803 1.225

75 0.745 1.631 0.493 1.383
,,,, ,,, , ,, , , ,,

85 0.169 0.200 0.061 0.577
,,,

90 0.088 0.077 0.035 0.284
,,... ,,. ,,,,, , .
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Table..6.3

• .. : .,.,,,,,,,,,, ,,. ,,, ,, , , L, ...... ,J , , ,, ,, ,' L ' J ' : : ......,, , .....:---..::

WIPP TLD ANGULARDEPENDENCE

"Sr('°YIRRADIATION" i ,, ,,,,, ,, ,, ,l ,,,, , " ' ,,. TT "n," , ,u_ , ....u. , __

ANGLE HORIZONTALROTATION VERTICAL ROTATION
,, ,,, , , , ,, , ,,. ,,,, , -- .,,,, , ,,,,

I

Deep I Shallow Deep Shallow_, , . i ,,,,, '.' ','',',_,, ,,, . f ', ,'I,, "',' i ,,, ,, ,,, ,,,,I , ,',,, ',

-90 - 0.030 - 0.025
, ,., .., . ,,, l ,, , , l ,, , ,,. ,

-85 - 0.027 - 0.052

-75 - 0.083 - 0.122
•. l,,. .,, ,,,. ,, , ,,. . , ,, l,

-60 - 0.351 - 0.354
,,., , , , , , ,, ,., . .......

-45 - 0.758 - 0.839
,, ,, .,,,,., , ,,. ,, ., ,,, .,, ,

-30 - 0.947 - 1.079
,, ,., , ,,,. .,.. , ,,, , , ,,

-15 - 0.999 - 1.056
,,, , 'L '" "-- ' ' ,,,.,,,, , •

0 - I.011 - I.005
,,

15 - 1.056 - 0.967
, ,,,.,.,, ,,,, ,,, , ,, ,,, ,,,, ,, ,, , ,

30 - I.053 - 0.983
, ,.,,. , , ,, ,,. ..,, ,. ,, ,

45 - 0.907 - 0.734
, ,,.,., ,, ,, ,.,,..,,, , , ..... ,,,,

60 - 0.396 - 0.387
, ,..| , ,,

75 - 0.140 - 0.117
,,,, , ,,. , , ,, ,, ,.

85 - 0.071 - 0.052
, ,,,. ,, ,, , , , ......

90 - 0.032 - 0.041
,,,,,,j, ,,,. ,,.,, ..,
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Table.6.4

.................................... ,, _ ,, , , ""I' ' : ",',' 'J , ,

WIPP TLD ANGULARDEPENDENCE
MODERATED25zCfIRRADIATION

,,, ,.J,,L i ,,V, __ " __ ,,.'.:_,,. ' '_,'I, '", ,'i, ,,, ' "if ,',", ',ll i ,,, ,,.,_r, '

ANGLE HORIZONTALROTATION VERTICALROTATION
,,.,,, , m,, , ,, , ,,. ,,,,,, ,

I I

Deep I Shallow Deep I Shallow" ,,,, ' ;_ , f _ ,: r_ , ,,,,,_ _,,,,, ,, , , 'h; ,,,,, ,,, , ,,,,,, ,,,, ,,, _ , , ,

-90 0.300 0.158 0.275 0.164
,,,,,, ,, , , ,, .......... • , ,,, ,,

-85 0.357 0.219 0.330 0.215
,, , , , ,,, _ ,...... ,,,,, , , ,, ,, ,, ,, ,,,, | ,

-75 0.503 0.346 0.495 0.363
,, , ,, ,,, ,,,,, _ ,, , , • , ,,,,,,

-60 0.729 0.571 0.709 0.569
,,.,, L , _ ....... ,, ,,,,, ,,,,, - ,

-45 0.929 0.766 0.859 0.727
,,,,,,, ,,, , ,m , , , ,.,,,

-30 1.015 0.865 0.954 0.833
, ,.,. ,,• ,,, ,,, , ,,, , , , .. - _

-15 1.091 0.939 1.017 0.899
, _ ,,,, ,, , , ,,,

0 1.104 0.955 1.061 0.912
__ ,, _ ,.,, , •

15 1.132 0.980 1.046 0.902
, ., , ,,,,. .,,.,

30 1.050 0.923 1.036 0.890
,,,,, , .,. ,,., ,, ,,4.,

45 0.925 0.801 0.931 0.747
,..,,, , ,,,.

60 0.770 0.630 0.876 0.610
., , , ,. ,,, ,. ,. ,,

75 0.553 0.420 0.538 0.396
L ,,,.,, ,.,. ,,

85 0.366 0.255 0.376 0.250
,,. ,,,, , , ,, , ,., ,, - ,,

90 0.273 0.178 0.307 0.181
' '" ,,,',,,, _ ...... ,t,-"| " r ,,, ,,, ' ..... _ ""

.... r.__ ..............................
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Table 6.5

i, ,, , ,., i T ,,, i , , ,,,, .,, i ' , " , '"" ,,, ,i

HIPP TLD ANGULARDEPENDENCE
2'lAinIRRADIATION

i ' L , ""'""'" ,..,, ' "'' " , ,.,." "_ I "" "

ANGLE HORIZONTALROTATION VERTICALROTATION

............ IDeep I Shal1ow Deep Shallow',"I ,,,,, , i .,, ' , ,.,,, , ,_._ ",,',, i ' ' . ",' : ,

-90 0.536 0.248 0.303 0.464
, ,. , , ,,, i, , ,. ,

-85 0.774 0.451 0.395 0.680
,,, ,,, ,,, ,

-75 1.029 1.077 0.605 0.797
, , , ,, ,, ,

-60 1.165 1.219 1.066 1.221
, ,, ,,,. .,,.,,,, ,,.. ,

-45 1.217 1.274 1.092 1.217
, ,,, ,,, , , .,,,

-30 1.228 1.292 1.146 1.351
, , ,,, ,,,, ,.,,.. ,,. .,,, ..

-15 1.194 1.326 1.151 1.303
, , , , , .... ,, _,, ,,,,,,

0 1.220 1.317 1.165 1.369
i ,,,,,, , ,

15 1.174 1.364 1.172 1.318
, , ,,,,. ,,.,, ,,,

30 1.144 1.384 1.156 1.290
,,, ,, ,,.,, i , ,,,

45 0.929 1.147 1.158 1.264_
, , .. , ,,,., , , ,,,. -

60 0.858 1.022 1.137 1.190
,., ,., ,

75 0.728 0.808 0.847 0.887
,,.,, , , ,,,.

85 0.622 0.810 0.861 0.901

90 0.325 0.504 0.703 0.861
, ,..... ,,,,,. ,-.,,, --

The TLD angular dependencedata was obtained from the Martin Marietta Energy
Systems(MMES)Oak Ridge NationalLaboratoryExternalDosimetryProgramthrough
an informationexchange. The data is applicableto the WIPP TLD becausethe
dosimeters,processing equipment, and TLDREMS software at MMES and WIPP are
identical(AppendixB and C).
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7.0 CONCLUSIONS

The WIPP ExternalOosimetryProgramis DOELAP accredited. DOELAP accreditation
has beenawardedJanuary31 1990and March 15, 1993. The WIPP ExternalDosimetry
Programwill participatein the DOELAP re-accreditationprocess in accordance
with the DOELAP re-accreditationschedule.

Accreditationis grantedto the WIPP for the followingdosimetrysystem:

DosimeterIdentification:A Harshaw8801 (7776-1141)TLD card insertinside
an 8805 TLD card holder.

ReaderSystem: Harshaw8800C AutomatedReader System

DOELAPCategories:
I Low-energyphotons,high dose levels
II High-energyphotons,high dose levels
IIIB Low-energyphotons,plutoniumenvironments
IV High-energyphotons
VA Beta particles,general,point geometry
VI Neutrons,moderated2s2Cf
VII Mixturecategories:
IIIB + IV
IIIB + VA
IV + VA
IIIB + VI
IV + VI

The expectedradiationfieldsat the WIPP are all within the scope of DOELAP as
describedin WP 12-341 (reference8.15).

The lower limit of detectionof the WIPP TLD has been measured and the results
are provided in Section 5.0 and AppendixA of this report. An individualwho
works in a low radiationarea and is on the quarterlyTLD exchangeperiodcould
potentiallyreceivea whole body exposureof 40 mrem (deepdose equivalent)per
year without recordinga positivedose on his/herTLD. This "misseddose" is
well belowthe requirementin theDOE RadiologicalControlManual (reference8.6,
Article511)to providedosimetryto individualswith the potentialto exceed100
mrem per year.

The angulardependenceof the WIPP TLD has been measured and the results are
providedin Section6.0, Appendix B and AppendixC of this report.

Although it is not anticipated that there will be a need for extremity
dosimeters,this will be verifiedduring the preparationof a RadiologicalWork
Permit (RWP)(reference8.13, Section512). If extremitydosimetryis required,
the WIPP personnelTLD will be used. Fingerring dosimetrywill not be required
based on low dose rates and geometryconditionsof CH TRU waste.

Averageannualexternalradiationexposuresare estimatedto rangefrom90 to870
mrem per year. Upon receiptof TRU waste, all individualsat the WIPP facility
will be providedcontinuousTLD coverage. Individualsare requiredto wear the
TLDs at all times while at the WIPP facilityand are requirednot to remove the
TLD from the WIPP facility.

A few neutron sourceshave been identifiedfor CH TRU wastes, but the neutron
component of the total dose rate for these few identified waste forms is
typicallyquite small (reference8.9, Chapter6.1.2.1). The neutroncomponent
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of the total external radiationexposure for RH TRU is expected to be a small
percentageof the total gamma exposure. If one looks at the ratioof the maximum
neutron dose rate to the maximum total allowed dose rate (270 mrem per
hour/1,000,O00mre_ per hour), the expected neutron dose rate is only 0.027
percent of the total estimateddose (reference 8.9, Chapter 6.1.2.1). The
averageannual external neutronradiationexposure is estimatedto range from
0.02 to 0.23 mrem per year. Althoughaverageannualexternalneutronradiation
exposures are well below 100 mrem per year, the WIPP TLD provided neutron
dosimetrytoall individualsat theWIPP facility. Additionalinformationon the
potentialneutronexposuresat theWIPP facilityand possiblefutureimprovements
in personnelneutronexposuremonitoringto the WIPP ExternalDosimetryProgram
is providedin Appendix D.

The WIPP External Do_imetry Program routinely participatesin the Personnel
Dosimetry IntercomparisonStudy (PDIS) program administeredby the Oak Ridge
NationalLaboratory. The PDIS is performedannuallyand irradiatesdosimeters
with irradiationsources and geometriesdifferent from the DOELAP performance
testing (performed every two years or as scheduled) and the WIPP External
DosimetryProgramquarterlyblindtestingprogram. Participationbegan in 1990.
The PDIS-17 (1992) irradiations included D_O moderatcJ 252Cf, bare 252Cf,
polyethylenemoderated2s2Cf,unmoderated238Pu/Be,9°Sr/9°Ybeta, and 137Cssources.
Participationin PDIS-18is currentlyin progress. The PDIS resultsare used to
evaluatethe performanceof the WIPP External DosimetryProgram.

Dose assessments are performed for each instance of a lost, damaged, or
contaminatedWIPP TLD per WP 12-340(reference8.14).
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1.0 Introduction

This report is intended to address the following requirement from the Department of Energy Standard
for the Performance Testing of Personnel Dosimetry Systems, DOE/EH-0027, p. 14 (December, 1986):

"For each dosimeter design submitted for testing and for at least one source in Categories
III through VI for which performance is tested, a study to determine the lower limit of
detectability shall be conducted once and reported to the testing laboratory."

This study is required by the Department of Energy Laboratory Accreditation Program (DOELAP) for
external personnel dosimetry systems. At this time, no performance criteria are applied to the results of
this study. A summary of this study's results is presented in Section 2.0 of this report.

Three lower limit of detectability (LLD) studies were carried out using standard Harshaw model
8805 TLD badges and the Harshaw model 8800C TLD reader ("reader number 1") using the alternate
method prescribed in DOE/EH-0027. The bias (B) and standard deviation (S) results from the WIPP 1989
DOELAP performance testing during session nine were used as part of this study. The study was performed
within six months of DOELAP performance testing, as required by DOEfEH-0027. The original Harshaw
algorithm, software module S-23755.005, was used for all calculations. The unexposed dosimeter readings
came Lrom field dosirr'_ters assigned to personnel at the WIPP site, since essentially no radioactive material
was present during these periods. The dosimeters were processed as "blanks" with no background
subtraction, but with normal fading corrections applied. The algorithm options used are shown in the
attached pages. No attempt was made to force the unexposed dosimeter readings through each "branch" of
the algorithm; the algorithm chose the most appropriate branch based on the observed element ratios.

The quarterly LLD values presented in Section 3.0 were computed from 508 quarterly exchange
("green dot") dosimeters from non-radiation workers. This sample represents a large fraction of the total
WIPP non-radiation worker population. Five dosimeter results were rejected as outliers because their results
were outside of the 99.9% confidence interval. An t value of 1.648 was used for the specified 0.95 p value.
These dosimeters were annealed on June 29, 1989 and read on October 16-17, Therefore, they were in use
for 109-110 days. A 109-day period was assumed for fading calculations.

The monthly LLD values in Section 4.0 were computed from 54 monthly exchange dosimeters from
November, 1989. The t statistic used was 1.674. It is believed that none of these workers were
occupationally exposed to dosimetrically significant amounts of radioactive materials. Since these dosimeters
were annealed on September 19-21, 1989 and read on November 16. Due to this delay in processing, these
dosimeters were in use for approximately 58 days.

The transit LLD values in Section 5.0 were computed from the three rounds of 1989 DOELAP
performance testing (session nine). The data from all three rounds were pooled, even though it is probable
that they did not all receive exactly the same amount of background radiation exposure during shipment to
the performance testing laboratory. The t statistic used was 1.714. Each testing round had a different fading
period and fading correction factors, as shown in that section of this report. The transit LLD results bear
little relation to actual field conditions for WIPP personnel; they are included here merely for information
purposes. These dosimeters were in use for periods of 51 to 65 days; each round was individually fade-
corrected.

As can be seen from the enclosed results, the LLD ot the I--[arsnaw 8800C/8805 TLD system at
WIPP for both monthly and quarterly issue periods is approximately 10 mrcm for the deep denseequivalent
and 35 mrem for the shallow dose equivalent.
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2.0 Summary of LLD Results
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Summary of 1989 WIPP LLD Results

LLD, rem
ii iiilll i _ iiiiiii i .! --- iiii i iii n_ailililiouiitiuap

Quarterly(*) Monthly 1989 DOELAP Transit
DOELAP - ....... -........ - ...........

Category Shallow Deep Shallow Deep Shallow Deep
-- In n n lain i I refill I mill naloaRmlmU_ i I--.___ ----- immam_mmlmmmmmmmm _u_m_,_lmmllnlnm,

I NA 0.010 NA 0.007 NA 0.010

II NA 0.010 NA 0.007 NA 0.010

IIIB 0.038 0.013 0.029 0.009 0.024 0.012

IV 0.034 0.011 0.026 0.007 0.022 0.010

VA 0.034 NA 0.026 NA 0.022 NA

Vl NA 0 010 NA 0 007 NA 0 010

IIIB+IV 0.036 0 012 0.027 0 008 0.023 0 011
IIIB+VA 0.037 0 012 0.028 0 008 0.024 0 011

IV+VA 0.036 0 011 0.027 0 008 0.023 0 010

IIIB+VI NA 0 010 NA 0 007 NA 0 010

IV+VI NA 0 010 NA 0 007 NA 0 010

(*) The quarterly results are for a period of 109 days. The monthly

results are for a period of 58 days. The transit results are from
the pooled transit dosimeter data from the WIPP 1989 DOELAP

performance testing results from session nine; the issue period for

the three performance test rounds varied from 51 to 65 days.
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3.0 Quarterly LLD Results



WIPP LID - Quarterly Background Results (Q3, 1989)

Green De= (non.rndiatlon worker) dosimeters from Qtr 3, 1989
Cards were annealed in 8906292 and read in 8910162

Some additional Q3 cards are in #8910172, but are not included here.

Algorithm version used: S-23755.005
Five cards' results were deleted as outliers (see below).

SETUP Holder: 8S05; HEPH model fleld(s): Cs-137

Beta model field(s): TI-204+Sr-90/Y-90 ; Neutrons: none

FADE Fbg - 0.857 Fn - 0.857
BCKGND [0.00, 0.00, 0.00, 0.00] gU

CAL FACTORS [1272.00, 1199.00] gU/rem

REL RESPONSE [1310.00, 1254.00, 1235.00, 1474.00] gU/R

WIPP Quarterly LID Data

Dose Equivalent, rem

Card # Shallow Deep

5P90 0.O57 0.016

6763 0.013 0.010

5016 0.045 0.017

4856 0.053 0.018

4857 0.036 0.016

4907 0.063 0.015

4872 0.043 0.016

4895 0.037 0.017

4892 0.034 0.018q

4859 0.048 0.015

5508 0.053 0.019

5227 0.038 0.016

5516 0.062 0.017

5502 0.048 0.017
5504 0.037 0.017

5237 0.035 0.017

5512 0.032 0.018
5213 0.038 0.017

4891 0.044 0 016
4896 0 034 0 016

4897 0 043 0 015

4899 0 036 0 026

4898 0 043 0 016

4905 0 036 0 018

5235 0 035 0 015

4884 0.034 0 027

4885 0.033 0.024

4881 0.035 0.019
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
L_

Card # Shallow Deep
i,m I ..... '"• '""

5501 0.031 0.019

5300 O.033 O.017

5314 O.050 O.019

5338 0.038 0.016

5339 0.035 0.015

5337 0.034 0.024

5305 0.060 0.019
5135 0.061 0.019

5180 0.038 0.017
5147 0.045 0.016

5155 0.072 0.016

5054 O.042 O.018
5053 0.049 0.017

5174 0.033 0.018

5149 0.043 0.023

5141 O.049 O.016

5148 0.036 0.020

5157 0.032 0.015

5173 0.063 0.017

5165 0.038 0.017

S132 0.035 0.016

5144 O.044 O.018

5168 0.052 0.016
5160 0.059 0.020

5126 0.068 0.018
5176 0.052 0.018

5136 0.037 0.026

5151 0.042 0.016
5020 0.047 0.017

5143 0.059 0.017

5258 0.033 0.025

5262 0.049 0.016

5068 0.061 0.016

5091 0.042 0.017

5085 0.039 0.020

5057 0.042 0.015

5049 0.045 0.016

5065 0.042 0 017

5094 0.055 0 016

5093 0.035 0 016

5080 O.049 0 017

5072 0.042 0 017

5047 0.029 0 015

5077 0.056 0 016

Page 7



WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
-- . " lit t IL t lit it

Card # Shallow Deep
......... iiII I II

5408 O. 045 O.018
4929 O.040 O.015

5272 0.037 0.017

5270 0.031 0.017

5276 0.031 0.016

5278 0.051 0.016

5280 0.033 0.018
5299 0.050 0.019

5315 O.021 O.016

5319 0.031 0.026

5321 0.029 0 020

5509 0.039 0 019

5506 0.043 0 018

4919 0.047 0 019

4916 0.075 0 020

4918 0.030 0 016
4908 0.039 0 016

4925 0.039 0 015

5242 0.045 0 016

5335 0.043 0 016

5252 0.051 0014

5217 0.039 0.015

5209 0.037 0.015

5556 0.043 0.016

5225 0.030 0.016

5261 0.030 0.015

5263 0.032 0.016

5259 0.037 0.016

5236 0.031 0.021

5311 0.035 0.014

5416 0.039 0.015

5368 0.034 0 014
5398 0.034 0 015

5370 0.030 0 015

5414 0.033 0 022

5406 0.041 0 016

5381 0.046 0 016

5365 0.034 0 016
5364 0.030 0 014

5404 O.044 0 017

5371 0.038 0 015
5417 0.035 0 015

5185 0.071 0 016
5188 0.048 0 015
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
I ii _

Card # Shallow Deep
ilira _ I II im __ _

4917 0.052 0.018
5510 0.023 0.018

5193 0.033 0.017

5189 0.037 0.015

5389 0.033 0.017

5520 0.037 0.018
5560 0.035 0.019
4202 0.033 0.016
5534 0.042 0.019
5543 0.049 0.017
5542 0.042 0.017

5535 0.049 0.017

5558 0.053 0.016

5566 0.049 0.016

4877 0.047 0.015

4871 0.034 0.016

4S67 0.029 0.016

4879 0.038 0.016

4880 0.031 0.016

5549 0.034 0.015

5550 0.053 0.017
5564 0.049 0.017

5569 0.060 0.018

4599 0.027 0.019

5583 0.055 0.021

5030 0.040 0.016

5642 0.030 0.015

5647 0.030 0.016

5518 0.032 0.025

5671 0.039 0.017

5156 0.040 0.018

5555 0.038 0.016
5083 0.038 0.017

4299 0.036 0.018

5678 0.023 0.017

5590 0.039 0.025

5689 0.033 0.016

5133 0.031 0.023

5377 0.036 0.017

568_ 0 0?3 0.01.6
5140 0.040 0.015

5123 0.054 0.017

4153 0.041 0.016

5693 0.022 0.016
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WIPP LID - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem

Card # Shallow Deep

5134 O. 036 O.016
5112 0.031 0.019

5111 0.032 0.017

5572 O.042 O.017

4791 0.032 0.016

4420 O.036 O.015

4813 O.030 O.025

5450 O.029 O.016
4825 0.038 0.024

5638 0.032 0.018

5289 0.044 0.016

5255 0.034 0.016

4851 O.021 O.016

4854 0.036 0.016

4862 0.047 O.015

4865 0.036 0.015

4893 O.046 O.016
4983 0.043 0.016

4984 O.054 O.017

4986 0.032 0.024

4987 0.032 0.016

4988 0.034 0.025

4989 O.030 O.016
4990 O. 029 O.016

4996 0.031 0.022

5003 0.044 0.015
5008 0.028 0.016

5011 0.037 0.015

5012 0.035 0.017

5019 0.054 0.016

5028 0.044 0.016

5033 0.036 0.016

4003 0.022 0.015

4028 0.031 0.017

4029 0.021 0.015

4054 0.038 0.017

4056 0.034 0.018
4058 0.028 0.022

4071 0.029 0.016

4110 0.030 O OPA
4113 0.029 0.016

4117 0.023 0.016

4133 0.025 0.018

4190 0.039 0.017
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WIPP LID - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
iii

Card # Shallow Deep
iiiiiiii --

5202 0.066 0.015

4192 O.030 O.014
4203 O.034 O.017

4250 O.046 O.015

4222 O.028 O.014

4224 O.043 O.014

4228 0.026 0 015

4231 0.031 0 023

4233 0.038 0 016

4236 0.036 0 014

4241 0.030 0 023

4258 0.029 0 016
4277 0.031 0.016

4279 O.029 O.017

4281 0.030 0.022

4289 0.020 0.016

4311 O.020 O.014

4321 0.027 0.020

4346 0.033 0.015

4361 0.043 0.015

6558 0.030 0.021

6552 O.041 O.014
6548 0.031 0.015

6539 0.031 0.016

6543 0.039 0.014

6506 0.033 0.014

6498 0.038 0.014

6494 0.037 0.015

6443 0.031 0.013

6438 0.036 0.013

6426 0.029 0.015

6425 0.038 0.015

6367 0.032 0.022

6354 0.032 0.014

6353 0.020 0.013

6753 0.022 0.015

6340 0.031 0.024

6339 0.031 0.020

6338 0.021 0.016
6332 0.050 0.015

6328 0.031 0.024

6327 0.043 0.015
6326 0.022 0.017

6325 0.033 0.015
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPF Q,._=L_erlyLLD Data

Dose Equivalent, rem
I ii i

Card # Shallow Deep
I iiI ii m ii iiii

6324 0.021 0.016

6322 0.034 0.017

6315 0.073 0.023

6313 0.021 0.017

6311 0.032 0.016
6304 0.033 0.024

6300 0.031 0.025

6299 0.028 0.015

6298 0.033 0 017

6270 0.033 0 015

6264 0.046 0 016

6262 0.038 0 016

6247 0.031 0 024
6251 0.021 0 014

6249 0.036 0.024

6246 0.034 0.015

62ts5 0.033 0.015

6244 0.035 0.016

6243 0.037 0.016

6242 0.019 0.013

6237 0.030 0.015
6231 0.041 0.016

6222 O.046 O.016

6217 0.047 0.016

6200 0.031 0.023

6199 0.051 0 016

6191 0.034 0 015

6190 0.021 0 015

6189 0.031 0 022

6188 0.036 0 020

6182 0.029 0 022

6177 0.021 0.016

6168 0.037 0.021
6635 0.026 0.011

6162 0 030 0.015
6152 0 029 0.021

6144 0 O19 0.013

6143 0 020 0.014

6142 0 020 0.015

6]AI 0 039 0.015

6140 0 020 0.015

6076 0 028 0.018

6139 0 020 0.014

6183 0 031 0.024
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LID Data

Dose Equivalent, rem

Card # Shallow Deep

6128 O.041 O.016

6127 0.021 0.015

6120 0.044 0.017
6119 0.032 0.016

6118 O.034 O.017

6116 O.021 O.016

6114 O.029 O. 018

6111 0.021 0.015

6109 O.030 O.016

6108 0.031 0.017

6103 0.031 0.016

6099 0.033 0.015

6098 O.028 O.016
6095 0.021 0.018

6093 0.021 0.015

6092 O.030 O.016

6086 O.020 O.015

6085 0.032 0.017

6084 O.031 O.017

6083 0.034 0.016
6080 O. 021 O.016

6074 O. 020 O.016
6070 O.029 O.016

6068 0.032 0.016

6063 0.022 0.015

6054 0.021 0.018

6052 0.027 0.016

6050 0.030 0.015

6047 0.031 0.024

6040 0.028 0.015

6039 0.030 0.016

6138 0.019 0.014

6137 0.019 0.013

6035 O.020 O. 015

6023 0.030 0.016

6013 0.028 0.015

6006 0.030 0.023

6005 0.033 0.015

6003 0.032 0.016

6002 0.033 0.016

6001 0.034 0.015

6000 0.037 0.016

5995 0.028 0.025

5992 0.032 0.015
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
• iL i

Card # Shallow Deep

5987 0.028 0.015

5956 0.031 0.015

5947 0.034 0.029
5946 0.030 0.023

5935 0.020 0.014

5933 0.038 0.023

5931 0.031 0.021

5930 0.030 0.017

5929 O.020 O.014
5927 0.023 0.020

5918 0.033 0.025

5915 0.021 0.015

5912 0.032 0.023

5907 0.021 0.017

5906 0.034 0.022

5904 O.030 O.018

5903 O.020 O.014

5901 0.031 0.015

5898 0.028 0.023

5896 0.032 0.016
5895 0.021 0.015

5893 0.034 0.017

5890 0.022 0.017

5888 0.021 0.017

5886 0.022 0.016

5885 0.030 0.023

5884 0.030 0.014

5883 0.040 0.016

5878 0.032 0.023

5877 0.030 0.022

5876 0.021 0.015
5874 0.027 0 014

5198 0.059 0 015

5872 0.045 0 017

5869 0 021 0 017

5866 0 030 0 022

5864 0 029 0 014

5700 0 032 0 023
5701 0 022 0 017

5702 0 035 0 017
5703 0 021 0 015

5706 0 020 0 014

5707 0 024 0 019
5708 0 029 0 016
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
Bill llill IIIn II,

Card # Shallow Deep
,- ,_ --

5709 0.031 0.015

5711 0.020 0.015

5713 0.031 0,022

5714 0.033 0,015

5716 0.029 0.015

5719 0.030 0.016

5720 0.033 0,017

5723 0.035 0.016

5724 0.036 0.023
5732 0.036 0.015
5736 0.032 0.016

5744 0.030 0.015

5745 0.027 0.020

5748 0.030 0.017

5749 0.033 0.025

5750 0.020 0.015

5753 0.033 0.016

5754 0.021 0.017

5756 0.021 0.016

5757 0.021 0.015
5758 0.038 0.024

5759 0.021 0.014

5760 0.037 0.016

5761 0.022 0 018

5762 0.020 0 014

5764 0 034 0 014

5769 0 028 0 020

5775 0 029 0 021

5776 0 037 0 016

5778 0 033 0 016

5788 0 021 0 016

5792 0 030 0 015

5832 0 029 0 015

5834 0 020 0.014

5842 0.029 0.022

5847 0.041 0.016

5848 0.045 0.015

5850 0.034 0.016
5856 0.030 0,015

5859 0.037 0.020

5862 0.021 0.016

5863 0.036 0,014

6796 0.030 0.015

6749 0,031 0,014
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quar=_rly T,_T_ Data

Dose Equivalent, rem
i iiii iiii ii

Card # Shallow Deep

5796 O.040 O.015

6745 0.020 0.015
6721 0.032 0.014
6704 O. 027 O. 020
6700 O. 031 O. 020
6689 O. 029 O. 014
6672 0.040 0.016
6638 0.031 0.022

6631 0.031 0.020
6628 0.029 0.015
6594 0.028 0.021

6581 0.039 0.016
6565 0.021 0.014

6559 0.031 0.016

5127 0.030 0.014

5125 0.051 0.016

5115 0.0/:8 0.015

5110 0.053 0.016
5109 O.041 O.019

5108 0.039 0.014

5107 O.045 O.017

5106 O.041 O.016

5104 0.042 0 015

5101 0.033 0 020

5100 0.045 0 018

5088 0.040 0 016

5081 0.058 0 015

5079 0.051 0 015
5075 0.044 0.014

5074 0.038 0.014

5059 0.036 0.015

5203 0.044 0.019

4383 0.028 0.014

5186 0.051 0.016

5179 0.051 0.015

5178 0.032 0.014
5172 0.039 0.015

4417 0.065 0.016

4387 0.019 0.013

4391 0.027 0.021

4401 0.029 0.015
4402 0. 041 0.015

4411 0. 020 0.014
4416 0.027 0.016
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WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem

Card # Shallow Deep
_

4419 0.043 0.015

4424 0.026 0.015

4425 0.020 0.015

4429 0.031 0.016

4430 0.043 0.015

4441 0.027 0.012

6684 0.028 0.018

6033 0.029 0.021

6022 0.026 0.012

6471 0.030 0.012
4596 0.031 0.021

4622 0.030 0.017

4445 0.041 0.022

4621 0.027 0.014

4616 0.038 0.011

4606 0.023 0.011

4601 0.025 0.015

4600 0.026 0.017

4548 0.031 0.018

4559 0.028 0.015

4549 0.024 0.015
4558 0.017 0.017

4569 0.029 0.013

6014 0.027 0.012

4583 0.024 0.021

4595 0.032 0.019

6485 0.027 0.009

4886 0.039 0.017

5538 0.037 0.015

5218 0.032 0.012

5412 0.048 0.015

5182 0.034 0.015

5593 0.030 0.015

5575 0.030 0.023

5640 0.035 0.017

5698 0.032 0.023

4798 0.019 0.015

4992 0.041 0.014

4991 0.033 0.015

4993 0.065 0.015

Page t7



WIPP LLD - Quarterly Background Results (Q3, 1989)

WIPP Quarterly LLD Data

Dose Equivalent, rem
i nil iliiiii

Shallow Deep
m,

Ho' 0.035 0.017
So 0.010 0.003

Number of cards: 508

t(507,0.95) - 1.648

LLD - LOWER LIMIT OF DETECTION

- Level which must be present in order to obtain 95% confidence

of positive detection a priori
- 2(t'So + (Factor**2)*Ho')/(l - Factor**2)

where "Factor" - 1.75"S/(I+B). See DOE/EH-O027, pp. 14-15.

Values for S and B are from 1989 WIPP DOELAP performance
testing (session nine).

Ho' - average nf the unirradiated dosimeter values (rem) with no

background subtra,:tion. See page 15 of DOE/EH-O027.

So - standard deviation of the unirradiated dosimeter values (rem).
See equation (16) in DOE/EH-O027.

NOTE: Five dosimeter results were excluded as outliers since their

results were outside of the 99.9% confidence interval

(3.216 * S).
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WIPP LIE) - Quarterly Background Results (Q3, 1989)

I I! IIIB IIIB IV IV

Deep Deep Shallow Deep Shallow Deep
iiiiiii __i - --- _ - _ _ _ ........ I II II

S 0,054 0.046 0.123 0.157 0.035 0.068

B -0.010 -0.032 0.079 0.027 -0.045 -0.068

1.75"S/(I+B) 0.095 0.083 0.199 0.268 0.064 0.128

LLD, rem 0.010 0.010 0.038 0.013 0.034 0.011
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WIPP LLD - Quar=erly Background Resul=s (Q3, 1989)

VA VI IIIB: IV IIIB.IIV IIIB+VA IIIB+VA

Shallow Deep Shallow Deep Shallow Deep
I ____ II - T I1 __ _ II II i

L I I

S 0.030 0. 059 O.088 0.129 0.113 0.145

B -0.099 -0.076 0.084 0.103 0.072 0.180

I.75"S/(I+B) 0.058 0.112 0.142 0.205 0.184 0.215

Ilil III IlIII 'lHII

LLD, rem 0.034 0.010 0.036 0.012 0.037 0.012
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WIPP LLD - Quarterly Background Results (Q3, 1989)

IV+VA IV+VA IIIB+VI IV+VI

Shallow Deep Deep Deep
II i _ '| '| iiiiiiI - I _ ii I

S 0.080 0.088 0.068 0.047

B -0.026 -0.035 0.021 -0.103

1.75"8/(I+B) 0.144 0.160 0.117 0.092

LLD, rem 0.036 0.011 0.010 0.010
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WIPP LLD - Quarterly Background Results (Q3, 1989)

SUMMARY OF WIPP QUARTERLY LLDs

LID, rein
IiiiiiIii i iiii

Category Shallow Deep
LJI IIII LL II

NA 0.010

II NA 0.010
IIIB O.038 0.013

IV 0.034 0.011

VA O.034 NA

Vl NA O.010

IIIB+IV 0.036 0.012

IIIB+VA 0.037 O.012
IV+VA O.036 O.011

IIIB+VI NA O.010

!V+V! NA O.01O
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4.0 Monthly LLD Results
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WIPP LLD - Monthly Background Results (October, 1989)

Monthly exchange dosimeters from October, 1989
Cards were annealed in 8909192, 8909202, and 8909212 and read in 8911162

For fading purposes, assume they were all annealed on 9/20/89.
Algorithm version used: S-23755.005

Approximately 58 days elapsed between annealing and readout, so actual

monthly LLDs will likely be somewhat lower than these values.

SETUP Holder: 8805; HEPH model field(s): Cs-137

Beta model field(s): TI-204+Sr-90/Y-90 ; Neutrons: none

FADE Fbg = 0.933 Fn - 0.933

BCKGND [0.00, 0.00, 0.00, 0.00] gU

CAL FACTORS [1272.00, 1199.00] gU/rem

REL RESPONSE [1310.00, 1254.00, 1235.00, 1474.00] gU/R

WIPP Monthly LID Data

Dose Equivalent, rem

Card # Shallow Deep

5355 O.049 0.020

6077 0.022 0.009

6048 0.024 0.010

4388 0.017 0.009

5823 0.029 0.009

6305 0.021 0.009
6648 0.015 0.008

6510 0.018 0.008

6654 0o014 0 008

5822 0.020 0 008

6540 0.017 0 009

4848 0.022 0 012

5458 0.027 0 010

5482 0.022 0 009

4947 0.031 0 010

5722 0.021 0 012

5478 0.018 0.014

5376 0.025 0 008

5990 0.031 0 013
5919 0 028 0 012

6314 0 017 0 012

5916 0 019 0 010

5816 0 030 0 013

6474 0 019 0 009

5860 0 032 0 009

6275 0 019 0 008

6194 0 023 0 012
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WIPP LLD - Monthly Background Results (October, 1989)

,,, ,',v._._y LLD Data

Dose Equivalent, rem
i!ii

Card # Shallow Deep
iiin

6541 0.023 0.009

6634 0.018 0.009

6747 0.019 0.013
6236 0.026 0.009

6501 0.017 0.009

4128 0.024 0.009

5405 0.027 0.008

4182 0.025 0.009

5603 0.044 0.010

5998 0.016 0.010

6301 0.022 0.009

6352 0.020 0.010
6349 0.023 0.011

6187 0.017 0.008

6537 0.026 0.009

6220 0.027 0.009

5652 0.015 0 010

5383 0.022 0.008

6508 0.016 0.009

5459 0.041 0.009

6600 0.017 0.009

6277 0.022 0.010
6699 0.024 0.009

6706 0.020 0.008

6344 0.023 0.010

5429 0.04A 0.011

5600 0.040 0.013
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WIPP LLD - Monthly Background Results (October, 1989)

WIPP M .LI.. ,T_ n---o_ 7 _ _

Dose Equivalent, rem

Shallow Deep

Ho' 0.024 0.010

So 0.008 0.002

Number of cards' 54

t(53,0.95) = 1.674

LID - LOWER LIMIT OF DETECTION

= Level which must be present in order to obtain 954 confidence

of positive detection a priori
- 2(t-So + (Factor**2)*Ho')/(l - Factor**2)

where "Factor" - 1.75"S/(I+B). See DOE/EH-O027, pp. 14-15.

Values for S and B are from 1989 WIPP DOELAP performance

testing (session nine).

ho' = average of the ,,nirr_d_red dosimeter vallles (rem) with no

background subtraction. See page 15 of DOE/EH-O027.

So = standard deviation of the unirradiated dosimeter values (rem).

See equation (16) in DOE/EH-O027.
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WIPP LLD - Monthly Background Results (October, 1989)

I II IIIB IIIB IV IV

Deep Deep Shallow Deep Shallow Deep

S 0.054 0.046 0.123 0.157 0.035 0.068

B -0.010 -0.032 0.079 0.027 -0.045 -0.068

1.75"S/(I+B) 0.095 0.083 0.199 0.268 0.064 0.128

J| __ i i i i[ i ii ii -- J_ IIBJl_

LLD, rem 0.007 0.007 0.029 0.009 0.026 0.007
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WIPP LLD - Monthly Background Results (October, 1989)

VA VI IIIB+IV IIIB+IV IIIB+VA !!!B+VA

Shallow Deep Shallow Deep Shallow Deep

S 0.030 0.059 0.088 0.129 0.113 0.145

B -0.099 -0.076 0.084 0.103 0.072 0.180

1.75"S/(I+B) 0.058 O.112 0.142 0.205 0.184 0.215

LLD, rem 0.026 0.007 0.027 0.008 0.028 0.008
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WIPP LLD - Monthly Background Results (October, 1989)

IV:.VA IV+VA !IIB+VI IV+VI

Shallow Deep Deep Deep

S 0.080 0.088 0.068 0.047

B -0.026 -0.035 0.021 -0.103

1.75"S/(I+B) 0.144 0.160 0.117 0.092

ii II ii iii

LLD, rem 0.027 0.008 0.007 0.007
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WIPP LID - Monthly Background Results (October, 1989)

SUMMARY OF WIPP MONTHLY LLDs

LLD, rem

Category Shallow Deep

I NA 0.007

II NA 0.007
IIIB 0 029 0 0.99

IV O. 026 0.007

VA O. 026 NA

Vl NA 0.007

IIIB+IV 0.027 0.008

IIIB+VA O. 028 0.008

IV+VA O. 027 0.008
IIIB+VI NA 0.007

IV+VI NA O.007
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5.0 Transit LLD Results
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WIPP LLD - 1989 DOELAP Session Nine Transit Results

Transit dosime=crs from 1989 WIPP DOELAP Performance Testing

Algorithm version used: S-23755.005

All three rounds' data are pooled; specific fading info is shown below.

Group Number

Round Anneal Read # Days Fbg Fn
i 8904122 8906132 62 0.927 0.927

2 8905232 8907272 65 0.922 0.922

3 8907012 8910102 51 0.944 0.944

SETUP Holder: 8805; HEPH model field(s): Cs-137

Beta model field(s): TI-204+Sr-90/Y-90 ; Neutrons: none
FADE (see above)

BCKCND [0.00, 0.00, 0.00, 0.00] gU

CAL FACTORS [1272.00, 1199.00] gU/rem

REL RESPONSE [1310.00, 1254.00, 1235.00, 1474.00] gU/R

WIPP Transit IT.D Data

Dose Equivalent, rem
i ii i

Card # Shallow Deep Round
--, ii ii

6401 0.021 0.015 i

6573 0.013 0.010 i

6411 0.017 0.012 I

6402 O. 014 0.009 i
6151 0.013 0.010 I

6465 0 013 0.009 I

6732 0 014 0.010 I

6475 0 014 0.009 I

4131 0 019 0.017 2

4635 0 016 0.014 2

4576 0 017 0.015 2

4592 0 017 0.016 2

4097 0 015 0.012 2

4587 0.017 0.016 2

4689 0.016 0.012 2

4122 0.015 0.014 2

6408 0.032 0.020 3

4105 0.021 0.015 3

4039 0.042 0.015 3
6465 0.018 0.014 3

6606 0.019 0.014 3

6618 0.018 0.014 3

6556 0.O19 0.013 3

6133 0.018 0.014 3
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WIPP LLD - 1989 DOELAP Session Nine Transit Results

WIPP Transit LLD Data

Dose Equivalent, rem
mill -- iiii i

Shallow Deep
-- i i iiii

Ho' 0.018 0.013

So 0.006 0.003

Number of cards: 24

t(23,0.95) - 1.714

LLD - LOWER LIMIT OF DETECTION

- Level which must be present in order to obtain 95% confidence
of positive detection a priori

- 2(t'So + (Factor**2)*Ho')/(l - Factor**2)

where "Factor" - 1.75,S/(I+B). See DOE/EH-O027, pp. 14-15.

Values for S and B are from 1989 WIPP DOELAP performance

testing (session nine).

Ho' - average of the unirradigr_d dosimeter values (rem) with no

background subtraction. See page 15 of DOE/EH-O027.

So - standard deviation of the unirradiated dosimeter values.

See equation (16) in DOE/EH-O027.
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WIPP LLD - 1989 DOELAP Session Nine Transit Results

I II IIIB IIIB IV IV

Deep Deep Shallow Deep Shallow Deep
-- - _ it __ _ _ mm_

S 0.054 0.046 0.123 0.157 0.035 0.068

B -0.010 -0.032 0.079 0.027 -0.045 -0,068

1.75"S/(I+B) 0.095 0.083 0.199 0.268 0.064 0.128

i | i ii i i i i __

LLD, rem 0.010 0.010 0.024 0.012 0.022 0.010

Page 34



WIPP LLD - 1989 DOELAP Session Nine Transit Results

•'_ Vl IIIB+IV IIIB+IV IIIB+VA IIIB+VAWg%

Shallow Deep Shallow Deep Shallow Deep

S 0.030 0.059 0.088 0.129 0.113 0.145

B -0.099 -0.076 0.084 0.103 0.072 0.180

I.75*S/(I+B) 0.058 0.112 0.142 0.205 0.184 0.215

III i III i illii in iiii I

LLD, rem 0.022 0.010 O.023 0.011 O.024 0.011
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WIPP LLD - 1989 DOELAP Session Nine Transit Results

IV+VA IV+VA IIIB+VI IV+VI

Shallow Deep Deep Deep
_ im_ m iBin

S 0.080 0.088 0.068 0.047

B -0.026 -0.035 0.021 -0.I03

1.75"S/(I+B) 0.144 0.160 0.117 0.092

LLD, rem 0.023 0.010 0.010 0.010

Page 36



APPENDZXB

ANGULARDEPENDENCEOF THE

HARSHAH8800C/8805 TLD SYSTEM



RECORD

Angular Dependence of the
Harshaw 8800C/8805 TLD System

at the

Waste Isolation Pilot Plant (WIPP)

Westinghouse Electric Corporation
Waste Isolation Division

EO. Box 2078
Carlsbad, NM 88220

Prepa_r by

Reviewedby " Dat_ "

Dosimetry Manager Date

I

Quality Assurance _ Date

......................................... .............................................. ,,t, _ m.... I ] .



Table of Contents

Seetio.n.Item Paee

i.0 Introduction !

2.0 MethodologyandReaults 2

App.A Re.questforInformationExchange A-I

App.B AgreementforInformationExchange B-I



L0 Introduction

This report is intended to address the following requirement from the Department of EnergyStandard
for the Performance Testing of Personnel Dosimetry Systems, DOE/EH-O027, p. 14 (December, 1986):

"For each dosimeter design submitted for testing and for each type of radiation in
Categories lII through VI forwhich performance is tested, a study of dosimeter performance
when the incident radiation is nonperpendicular shall be carried out one."

This study is required by the Department of Energy Laboratory Accreditation Program (DOELAP) for
external personnel dosimetry systems. At this time, no performance criteria are applied to the results of
this study.

Since the both the Waste tsolation Pilot Pl,_nt(WIPP) and Oak Ridge National Laboratory (ORNL)
dosimetry programs use the Harshaw model 88(X)C/8805TLD system, the ORNL results are taken to be
indicative of the WIPP results. This is a reasonable assumption since the angular dependence characteristics
of a dosimetry system are primarily dependent on the dosimeter design and construction; no effects of
personnel or location differences are expected. The request for this information exchange is shown in
Attachment A. The corresponding agreement to supply this information is shown in Attachment B.

The design of the model Harshaw model 8805 dosimeter will easily accommodate any upcoming angular
dependence requirements. The 1000 mg/cm2 element has a teflon and plastic filter which is designed for
angular dependence. Radiation incident normally, (e.g., perpendicular to front face of the dosimeter) "sees"
an average density thickness of very nearly 10(X)mg/cm2, regardless of whether it reaches the left edge,
center, or fight edge of the chip. This is true for all angles of incidence up to sixty degrees. Element 2,
which is used for X-ray discrimination, also utilizes an oversized filter. The beta window (element 3) also
has an opening which allows an approximate sixty-degree field of view. Element 4 is has no filtration other
than the normal ABS plastic of the holder front and, therefore, affords a very wide "filter."

The methodology used in this study followed the requirements of DOE/EH-0027; the results are
shown in Section 2.0. Since ORNL uses a separate neutron dosimeter; the results shown in Section 2.0 for
that neutron dosimeter are not applicable to WIPP.
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2.0 Methodology and Results ,.



Anuula; Response ,of,,,theHarshaw ,,TLDDosimetr7 Syste,m

W.H. Casson, M.A. Buckner, C.S. Sims

Oak Ridge National Laboratory has used the Harshaw TLD

Beta/Gamma dosimeter system since early 1989 and will start using the

neutron dosimeter in early 1990. Continued use of this system

requires that the performance be evaluated in accordance with the

standards set forth by the Department of Energy Laboratory

Accreditation Program (DOELAP) (DOE 1986). In partial fulfillment of

these requirements, the dosimeters were tested with calibrated

exposures of gamma, beta, and neutron radiation at 13 different

angles about the vertical and horizontal axes. The angular response

was then normalized to the perpendicular response and plotted as a

function of angle. Based upon comparison with other dosimeter

systems and the proposed directional dose equivalent (ICRU 1985) the

performance of the Harshaw/ORNL system was found to be adequate and

to meet all proposed criteria for angular response.

-2-
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Introduction

In 1983 the American National Standards Institute with the

assistance of the Health Physics Society published a set of standards

for the testing and performance of personnel radiation dosimeters

(ANSI 1983). These standards became guidelines for dosimeter testing

in both the National Voluntary Laboratory Accreditation Program

(NVLAP) and the Department of Energy Laboratory Accreditation Program

(DOELAP). Both programs require performance testing of dosimeter

systems and set performance criteria for the accreditation of the

dosimeter processor. Part of the requirements set forth by ANSI and

adopted by both accreditation programs include evaluating the angular

response of the dosimeter badges to uni-directional radiation beams

of photon, beta, and neutron sources. Although no performance

criteria _s set for angular response, comparison can be made with the

directional dose equivalent (H'(8,d)) and the angular response of

other dosimeter systems.

Oak Ridge National Laboratory (ORNL) incorporated the Harshaw

beta/gamma dosimeter into their personnel radiation monitoring

program in early 1989 as part of an overall health physics program

upgrade. One of the major goals of this upgrade was to meet the

necessary criteria and to be certified as a dosimeter processor under

the DOELAP program. In early 1990 the Harshaw Albedo TLD dosimeter

will be incorporated into the program as a continuation of this

upgrade. Testing of the dosimeter angular response was carried out

at the ORNL RADCAL facility in the Dosimeter Applications Research



Group. D_simeters were exposed to gamma, beta, and neutron

irradiations at angles of -85, -60, -30, 0, 30, 60, and 85 degrees by

rotation about the vertical and horizontal axes for a total of 13

irradiation setups per radiation source. Since the neutron dosimeter

is used for neutron dose assessment only and the beta/gamma dosimeter

is not used for neutron dose assessment at all, only the neutron

dosimeter was tested with the neutron source and was not included in

any other test. Results of the dose assignments made by the Harshaw

dosimeter processing system were normalized by dividing the response

at each angle by the calibrated dose assigned based on normal

incidence. These results were then plotted vs. angle. Measurements

were not made with x-rays during this test due to the unavailability

of the appropriate x-ray beam codes. These measurements will be

conducted during the next year dependent upon installation of the

appropriate equipment.

Dosimeter System

The Harshaw dosimeter system installed at ORNL consists of a

beta/gamma personal dosimeter, and neutron albedo personal dosimeter,

a Harshaw 8800 automatic TLD reader, and computerized data

acquisition, processing, and storage systems. The beta/gamma badge

consists of an ABS plastic holder and an aluminum TLD carrier card

with four TLDs mounted between thin layers of L_=___ _=___n _.,_e_ material.

The TLDs numbered from 1 to 4 are 3.2 mm square with numbers i, 2,

and 4 being .38 mm thick and number 3 being .09 mm thick. Number 1



TLD is made from TLD 700 material with a 1 cm tissue equivalent

tefl_n and ABS plastic hemispherical filter placed in front to give

direct deep dose equivalent measurement of photon exposure. Number 2

TLD is also TLD 700 material and has 242 mg/cm 2 ABS and a .1 mm

thick copper filter for photon discrimination. TLD 3 is made from

TLD 700 with a thin mylar covered open window. The .09 mm thickness

combined with the open window allows evaluation of shallow dose,

especially for beta irradiations. TLD 4 is made from TLD 600

material and is sensitive to neutrons. In this capacity it is used

only to indicate neutron exposure and not for assigning neutron

dose. The 300 mg/cm 2 ABS filter allows evaluation of lens of the

eye dose for photon and beta exposures. The neutron dosimeter is

identical in size to the beta/gamma holder and aluminum TLD carrier

card. All four TLDs measure 3.2 mm square by .38 mm thick. TLDs 1
\

and 4 are TLD 600s and TLDs 2 and 3 are TLD 700s. TLDs 1 and 2 are

filtered by .46 mm cadmium and .7 mm ABS while 3 and 4 are covered by

3 mm of ABS plastic. This combination of filters and TLDs allows

subtraction of the gamma component as well as an estimate of the

thermal component of the neutron dose.

The dosimeter cards were processed by a Harshaw 8800 automatic

reader. This unit reads all four chips on a single card at the same

time. Each chip is heated by a stream of hot nitrogen gas while the

photo emission is measured by a separate photo-multiplier unit. Data

recorded from the PMTs are transferred to a local personal computer

for processing. Dose assigr_ent is made using the ratios of the

integrated peak areas over the range cf i00 to 300 degrees celciuso



This calculation is done according to algorithms provided by

Harshaw. Peak 2 fading times are at least 48 hrs for all dosimeters

while processing is accomplished as soon after exposure as possible,

in this case approximately 60 to 72 hours. Corrections are made to

variations in the system response by reading calibrated cards at

random intervals during the read process and applying an appropriate

average response correction factor called the reader calibration

factor (RCF). Also the response of each TLD chip to a calibrated

gamma exposure is on record and is used to correct the relative

response to a gamma equivalence number using a correction factor

called the element correction coefficient (ECC). The final outcome

of the appropriate algorithm gives the measured dose equivalent in

terms of the deep dose and the shallow dose for each of the three

radiation types (beta, photon, and neutron).

Experimental Method

Measurement of the angular response on the beta/gamma dosimeter

was accomplished using a Cs-137 gamma irradiator. Four phantoms

measuring 40 cm by 40 cm by 15 cm thick were set up around a

panaramic irradiator at a distance from the source center to the

front edge vertical centerline of the phantom of 1 meter. One

phantom was rotated to each of the angles of 0, 30, 60, and 85

degrees clockwise as viewed from overhead., The dosimeters were

mounted on thin plexiglass sheets which were then mounted on the

front surface of the appropriate phantom. Four dosimeters were

mounted on
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each phantom along the vertical centerline maintaining a distance

from the phantom edge to the dosimeter center of at least 10 cm. The

uppermost dosimeter and the lowermost dosimeter were mounted with the

dosimeter vertical centerline parallel with the phantom vertical

centerline but in opposite orientations. The two dosimeters in

between were mounted with the vertical axis (longest axis)

perpendicular but again with opposite orientations. With this

mounting arrangement, one dosimeter is mounted at a positive rotation

angle about the vertical axis, one at a negative rotation about the

vertical axis, one at a positive rotation about the horizontal axis,

and one with a negative rotation about the horizontal axis. The

measurement was then repeated with each new dosimeter mounted in the

same position but rotated 180 degrees from the previous setup. Using

this procedure allows measurement of all four rotation directions on

a single phantom at one time. As an added benefit averaging the two

measurements together reduces the effects of timing variations and

field aberrations. On a relative response vs. angle plot any amount

of skew in symmetry about the zero angle will be the result of

structure within the dosimeter and not due to nonsymmetrical

scattering or other field nonuniformity. The total exposure of 5.15

mSv (500 mR) was given to the dosimeters based upon the original

source calibration traceable to NBS.

The beta exposures were made in the same manner using two 30 cm

by 30 cm by 5 cm phantoms and eight different exposures. A

Sr-90/Y-90 beta irradiator was used which allowed _._...^-__o___at t,.,o

phantom posit_ons and with sufficient beam homogeneity to mount two

dosimeters, one above the other, on each phantom. The source



calibration was taken from measurements made with an extrapolation

chamber and with comparison to measurements made on the source by

NBS. Since the dosimeter response to beta is solely based on TLD 3

data when no gamma or neutrons are involved, then the dosimeters were

mounted with the window on the centerline of rotation and with the

vertical distance from the phantom mid-line to the window constant.

A total exposure of 5 mGy (500 mrad) were given each dosimeter at a

distance of 37.6 cm from the source.

Neutron measurements were made with both a bare Cf-252 source

and a D20 moderated Cf-252 source. Calibration of the sources

were taken from the NBS measured total neutron emission rate, the

characteristic spectra, and the fluence to dose conversion factors

(ICRP, 1973). One phantom measuring 40 by 40 by 15 cm was used at a

distance of .75 meters from the source center to the vertical center

of the front face. Four dosimeters were mounted with the same

spacing and orientation as in the gamma exposures. Only neutron

badges were used in this phase of the measurements. Each exposure

was timed to expose the dosimeters to approximately 5 mSv (500 mrem)

of combined neutron and gamma with care being taken to ensure each

exposure was the same (no correction was made for scattering as it is

a small constant fraction of the total exposure at this distance).
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APPENDIXC

TRANSHITTALFROHA. H. NAZARALI



From: A.M. Nazaraali
To : C.F. Wu

Subject: Angular dependence of Harshaw 8800C/8805 TLD System
Date : June 28, 1991

This study is done in accordance with DOE/EH-O027 performance
standard. The methodology and technique in this study is the same
as the previous study performed on 12/6/89 with the following
exceptions. The number of dosimeters for each angle is doubled, and
one extra irradiation category III (Am-241 & K-17) is added. In
addition to the previou_ study angles, -90 and +90 are being
incorporated in the analysis for all the categories. The results
for 50% of the dosimeters irradiated at these two angles are
questionable due to the geometry. Depending on the orientation of
the dosimeters the two elements closer to the irradiation source

have higher response than the other two elements, this causes the
value of element ratio fall out side of the algorithm calculation
range. These questionable results were revaluated manually and the
calculated values are incorporated in the analysis.

The results of this study is summarized in the graphical
presentation. The results of the Am-241, K-17, Cs-137, and
moderated Cf-252 are presented for the deep and shallow dose for
both vertical and horizontal orientation. The Beta (Sr/¥-90)
shallow dose in presented for vertical and horizontal rotation. The
horizontal axis represent the orientation of the dosimeter from -90
to +90 degree, and the vertical axis represent the normalized
response which is the reported dose to delivered dose ratio.

A. M. Nazar_li

Dosimetry Senior Engineer
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Westlnkrhouse GovernmentOperallons was,o isolationDivision

ElectricCorporation Box2o78CarlsDaaNM88221

August 3, 1990

Dr.J.A. _'_iiE_-y, Branch Chief

Envy, SaZ_:y& Healtm
U.S. De_mm,mU of Ener_
WIPP ProjeCt Office
P.O. Box 3090

Carlsbad, NM 88221-3090

Subject: Wn_ NEUIR_ DOSIMET_

Reference: Mr. R. H. Neill letter to Mr. W. J. Arthur dated November 8, 1989

Attached please find the results of cur investigation of the

mc_tcri_ req_ for handling tr_c waste at the Waste Isolation

PilotP1_ (wn_).
dL a

The study indicates that the current WIPP Harshaw 8805 (8801-7776 card)
T_lumi_ Dosimeter (TLD), calibrated for moderated Cf-252, can

p_ide am_uate _ __ duringbin _e t_, _d initial
periodsof wastereceipt. The neutrondose responseof the systemwillbe
verified by irTadiating TLDs to known neutron doses at scme waste generation
sites.

The _w 8806 (8801-6776 card) TLD will provide a more accurate deter-
ruination of ne_ dose. This system has been ordered and should be

accredited by DOEIAP by January 1992. In addition tc the normal accrsdita-

tion process, the response of the system should be verified by waste

generation site irradiations prior to being placed in service.

Please contact Dr. C. F. Wu or T. E. Golf of my staff if you requir8 further

information.

L. R. Fitch,AssistantC_ Manager
Envi_, Safety,Health& QualityA_-_rance

TEG:pzw

Attachment

CC: R. D. BC_, WID G.W. Pohl, WID C.F. WU, WID

J. W. Buw_n, WID W.P. Poirier, WID

O. L. Cor_, WID L.L. Reed, WID

DA:90:7563



Neutr_ D_h_ry _ at the Waste Isolation Pilot
Plant Car_, New Mexico

Juns 15, 1990

I. __JCTION

Planned was_ .streams tm the Waste Isolation Pilot Plant (WIPP) will include
materialsthatemit_ radiation.Initially,themajorvolum ofwaste
will be fr_ the Idaho Naticmal Engineering _tcry (INEL) and the R_ky
Flats Plar_ (RFP) (U.S. DOE, 1989).

It is expected_t _ doseequivalentrares_ _ _ to the
WIPP will be very low. _ _y _ indicate the average neutrun dose
equivalent rate, on a sample 4,000 drums in the Air _ Building at INEL,
is 0.04mr_/h_r, surveillan_ar_tm=_l_inesom_ __ (TLDs)in
a waste _1_1_ng at INEL indicatmd neutr_ dose rates _ 250 and 550
mrem/quarTar (Blumm, 1990). While t2mse levels are difficult to measure
directly, _ dcs_ may be required for perscrmel with high occupancy
t/ruesin areas ammmd tha _.

[xE _ 848o._ _ _t _ dos_ be prr_ided to _tion
w_rkerswhoarelik_y to exceedi00mr_ anmml effec_vedoseequivalent

_ _. _ r_uirmm_, _, _ notdis=imi_te
radiationfr_ _ _ting rai%ati_s.

The _ear Regulatory __qion, RegulatOry _ (_) 8.14, Section C
l.e, specifies that _ das_ be provided if personnel my _ a
30 mrm_quartar neutr_ dose rate. Based on the ISVZLsurveillance TLD
rm_lings, it is possible that personnel could re_ch this dose equivalent rate
working aruund the _ waste _. Therefore, a personnel neutron
dos/meter systam is ,.-e_u,,_'rI_ for _ dose equivalent monitoring at the
WIPP.

II. DOSE RATE D_-__KTIC_S

If neutrcm radiation is indicated on the shipping docmmm_cs for waste
arrivL-_attheWIPP,thetin.minerswillbe surveyedwithan Eberline
PNR-4/NRD N_ r_<_untsr. This _ consists of a boron
trifluoride pruport_icnaldetector inside a nine-Lnch polyethylene ne_
m_z_erat/ngsphere. Because of the large size of the sphere, the response as
a function of _ energy is similar to the dose equivalent per ne_
nu_ (T_n_, 1986).

Figure 1 cmmpares the response of the PNR-4/NRD to the actual neutron dose at
a given _ fluence for a _ of _ energies (solid curve). The
dose curve is based on the dome per fluence data in ICRP 21 (dotted curve).



The curves coincic_ with eacm ocher for _ with ener_es _ 400
keV and 4 MeV. At lc_mr _es, the _ ove_-_e=--_Tdrelative Co

the true _ ck_e rates (Eberline, July 1984). It is thus r_ascrmbly
czmservative Co use the PNR-4 _ _ fur T_3 waste _ dose
 nir =ir.

.j I0
Z
o_

d
0.!

.01 eV .1 eV I eV I0 eV I00 eV 1 key I0 ksV 100 keV I MeV I0 MeV
NEUTRON ENERGY . t

Fic_ire 1 PNR-4/NRD N_ R_(--omEr_.r reslxmse versus Energy relative
ex_crad was_ aver_, nmS:rc_

The _ are calibrated with mcderat.=d califcrnium-252 _y
(as per WP 12-555) by Eberlinm in Santa Fe using National Institute of
S_ and _cqy (NIS_ traceable sources (Eberline, 1986). O3nt./2umd
stable perf_ is _ by daily _ _ using a 40 millicurie
americium-241/beryllium and 8 millicurie cesium-137 sctEce corF.a/ned in a
_er mo_density gage (mmdel #3411-B). This source provides a
neuCz_ resp=_ of _._.,_r.ly 2.5 mr_ per hour. _ is high _ to
provide a _ check of rtsp_e, k_c low _ tm ensur_ ccnt.J_rum_
sensitivity of the instrummnt_ tm detec_ low levels of nmrcrcm _. T_e
actual check sourc_ value will be _ for each _ when it is
rmmrned from calibra_n.

If surveys indicate the possibility of sign/ficant neutron dose (that is,
apmroa_ir_ ac_/nis_tive limits), Operaticrkli Health P_ics will r_
tha_ Dos_ read the individual's neu_rc_ TLD. Normally, the TI/3swould
be read monthly or quarterly tm _ _ doses appz_ch/r_ the TLD
s_ lower limit of de_cn ar_ n_c lo_c.

rIi. I_TZ_N D_SE _ZR_D_ICN

NeuUm dose my be _ frm radiation survey results using
dose rate _. Surveys are performed of work areas where work is to
beper='mecland x:c:uiar-'yperi (saytim )arere=xd

r



• .t. I

As _ in Figure 3, far'neutmm_ with energies _ 0.025 eV (thermal
enear_), the relative number of _ reflected back frcm the

wearar'sbodydecreas_as the_ _ _. Thusforan
increasing _ of incident _ radiation, the r_mponse differance

t/_ _itive and neu_mm_insensitive eleEents decreases.
Therefore, detJrm/ratian and use of an _ calibratian factor (that is,
reinper unit elmmm_ _ diff--) based on a _ different from
a_ field _ticms will result in i_ ezTors in the _ dose
_iv__ m_erminaU_m.



10 ..........

_e e_ wastes_mms to be handledby the _ wLll _ a _
racier7of m__]_ and _. _ will resultin _ dlY.f_.
in r_ soucce _ and m_k_'ati_a effe_-_._not cr_y _ sllip__
but also be_m c=m_m/mers in any giv_ shipmw_. _ makes _ticn
of an abcuraZa and cans_ _ _c_ f_ nearly _ible.
Therefore, the _ _ f_ used must at leas_ result in a
om_ervative, yet treasurable,_T/mata of pers_rmel neu_r_ d_e equivalent

_he _U=_=L_ of the TLD _ _ be b_d _ _ to _
sourclm moderated by actual waste matrix crmditions. _e net remult of the
_ti_ of t/_ was_e_n be o_mrv_ in _ calib_ti_ f_

by t/_ Oak _ Naticmal _Cory (CRNL) for the Harshaw TLD
syslu_n, The m/Itiplicative _ crErectlon factmr for ORNL's Solid Waste
Storage Area #5 is 0.i01. _ is less than the neu_r_ _on factmr
for m_rated Cf-252 of 0.115 (M_Mahan, 1990). These values are applied to
the diff_ in re_ings _ the unshielded lithium-6 / lithium -7
elements. _ indicarms that the use of a _ co_on factor based on
moderated Cf-252 will _._it in a corBervative T_U_rC_ _ es_T.e,

8806 _x__

Becauseof the variabilityof the _ _ and materialsin the
matrix,the _ _ will vary gr_tly _r a mm_tori_ _ri_. A
me_d of d/s_imi_tin_ betweenU_e l_ma_y _ and high_
neu_r_s __zed and __fl_Tad by the alhe_ effe_ wouldr_n_t in a
ms_ _x_mte da_arminaC/_of the _ dose fr_ widelyvarying
_. The Harsh_:_ 8806 holder with 8801-6776 card (herea_fter r__vred
to as the 8806 TLD) cc_sists of two pairs of lithium-6/lithium-7 el_
with canepair shielded by a layer of cadmium.

!

i



primary rempmme of the 8806 TLD ele=mm: shJ_ by _._um is from
high_ _ thazmalized and reflected by the albedo effect. The
uns_eld_ elmmm¢ respcmds to bo_ _ and _ thazmal ermz_
_. The respcrme diff_ of the shielded el_ is m_Itiplied by
a neutxt_ calibration f_ based on a h_h_ neutron specvcz%_. The
shielded _ is _cTad from the vnshielded rt_gcmse to detazmine the

tharml _ response. The thezml nf_Cron res;zrae is then multiplied by
the icier _ _ calibration fac_m:. _ quantities are mmmmd to
give a close _tion of the _ total _ dome equivalent.

TIE Selection

If _ doses are very low (that is, usually equal to or smaller than the
lower limit of _on of the TLD), the curztmt Harshaw 8805 TLD could be
utilized with a neutron calibz-ation facEor based on moderated Cf-252. If
neutron closelevels are si_lificarfclyabove the lower limit of dsCeclllcm
(LLD) of the d:__, usa of the highly c=_ezvative _ calibration
factors could impact:As Low As Reasonably Achievable (ALARA) meastn-em.

Determination of acUml _ _ on site is not considered viable
because of the expecUed low _ dose rates from the waste and the
variability of the _ _ _ c=_m/ne_. _ used to
charac_rize nmXrun spectra, su=h as "Bmmer _," are not sensitive
enmKgh to detec_ the low _ levels expectsd at the WIPP.

_he Harshaw 8806 TLD will raduce the impact of the over-response to
low-enam_ _ and should result in dose detezminations that are closer
to the true _ doses _ fr=m the trar_uranic (T_J) wasCa. These
values, in reality, shou/d not _4_eeent a significant porT/on of
dc6e. 3_e 8806 TIE is compatible with the WIPP Harshaw 8800C TLD reader and
received DOEIAP accreditation at the Oak Ridge National _tory for both
moderated and urmcderated neunrons.

Impl_tio_ of the Ne_ l.Monitor_

Approximately 600 Harshaw Mo_el 8806 TLDs will be requ/red to provide neutron
monitoring for personnel working on a rout/he basis with contact-haIz_ed THJ
waste:

25/mon_ for Area Monitoring 50

200_ for Exposuz_ Gruup 1 and 2 400
t_xmnal (_ to work in
radiation areas on a regular basis)

50 DOELAP Perfo_ Test/z,] 50
2 Cateqories x 5 TLDs/month x 3 mcmths
5 Spares in firsU s_pmp_c
5 controls / shipm_ x 3 shi_

i00 spares (misc. testing, lost TLDs, I00

..................................... ' _* _ ........... li[,i,.................. | ......... 11i[[/_



8806/880z_776d_ alg_i_m needsto be dm_l_ and imp1_ an
t_ WIPP D_6_ On-liraInformationSy_.

_m 8806m===n d__ _ _ =m__ _rZ=ma._ _ _ be
__ad by DOEU_ for the WIPP.

The 8806 (and possibly the 8805) _ to _tting waste at the
INEL, RYP and _char waste generater facilities should be determined.

willverifyt_ accuracyof t_ _ dose d_armin_ usingthe _ted
Cf-252 _ calibratic_ factor.

InterimNeutrunMonitorina_

If _tting waste is _ to arrive at the WIPP befcr_ the 8806
_m_ domimetry system can be implemented, the curmmt 8805/8801-7776

will pr_ide a oc_ser_ative dc_a _Ta_ usir_ a moderated Cf-252
_Qn factmr. As nmnmm_ dose rates _ the _ are

to be very ic_, small inaccuracies in the neutrt_ calihraticn factor will nc_
resultin a significantoverestimmtionof the _ d_seto permmmal.

Inn__ N_ Vnmitorim P_-o_-_..

curmm_ 'informationaboutw__=te.ne_n _ and _ ravesdoes not exist
at a level wher_ a decision can be made as to the adequacy of the
do_imm=y _ for c=_actemadled _. It does appear,however,that
rmm_e-harzlled waste _ cuuld _ significan_ _ dose
equivalent ra_es (_, 1984). Shieldin_ calculations for the facility
cask are basedan limitir_the neutrondose equivalentratesto 50 _our
outside the cask (U.S. DOE, 1984). In ackliti_n, some _ straams may

higher_ doseequivalentratesthanthose_ f_ n_L
and RFP. _ waste may ccnVmdm icier ccmcentraticns of the materials
c_7=-ib_ci_to the _ radiationlevelsin the r_m_-ha, iledwaste.
__refore, mare accurate determinations of the neXc_m doses may be necessary
to avoid impactir_ the WIPP AtARA meammes or admin/strative limits.

The key to more accurate_ dose equivalentdeterminationswith the 8806
system is better detezm/a%ationof the _ calibration factor for the
waste involved. The _ spectrum for waste at eac_ generator site should
be quantified and the 8806 exposed to a known dose mange and the neutrun
calibration factors determined for each site. Ackliticnal spectrum
characterization shuuld occur at the WIPP site if waste with significant dose
rates is _ved. AIARA considerations w_uld have to be resolved as to

whether the dose received performLn_ the surveys was justified by the dose
"saved" by luwering the _ calibrar.i_n factmrs.

If the waste spectra are too %_riable _-d r__n doses too high, other
dosimeters may have to be investigated. _ decision will be based on the
impactof the ccn__r_tiveneutnm d_e _uivalen_ indicatedby the TL_s
relativeto _ indicatedby _ and shippingdocumm_tsand their
impaCc cn WIPP c_eratiuns and AIARA goals. At present, it appears that the
8806 TLD system will provide an adequate neutrun dcsh_etry system for the
foreseeable future.

..................................... '......................................._--_ ..................._.,............_.,,.........................................1iw..............m, [ II[IHr, _,,,,
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