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SUHHARY

Thts documentdescribes the Hanford Internal Dostmetry Project, as tt ts
administered by Pacific Northwest Laboratory (PNL) in support of the U.S.

• Department of Energy and its Hanford contractors. Project servtces tnclude
administrating the btoassay monitoring program, evaluating and documenting
assessment of potential intakes and tnternal dose, ensuring that analytical
laboratories conform to requirements, selecting and applying appropriate

• models and procedures for evaluating radtonucltde deposttto, and the resulting
dose, and technically guiding and supporting Hanford contractors tn matters
regarding internal dostmetry.

Specific chapters deal with the following subjects:

• practices of the project, including interpretation of applicable DOE
Orders, regulations, and guidance into criteria for assessment,
documentation, and reporting of doses;

• assessment of internal dose, including summaryexplanations of when and
how assessments are performed;

• recording and reporting practices for internal dose;

• selection of workers for b|oassay monitoring and establishment of type
and frequency of bioassay measurements;

• capability and scheduling of btoassay monitoring services;

• recommendeddostmetry response to potential tnternal exposure Incidents;

• quality control and quallty assurance provisions of the program.

In addition, appendixes describe the btoassay measurementscreening levels
used by the program, list fteld codtngs used tn the online computer database,
briefly describe the analyticalprocedures used for measurements, ]nclude
copies of the bioassay sampling kit Instructions, and provide the Hanford
Internal Exposure Inctdent Response Plan.

Thts document was originally developed as a controlled manual with
distribution limited to those Hanford site personnel who routinely use the
project services. Thts uncontrolled documentwas prepared for distribution to
those having an interest tn the servtces offered by the program but who do not
actually use those services. The manual should not be considered applicable
to facilities or circumstances other than Hanford, and reflects the

• operational practices only as they existed as of July 1994. There |s no plan
or intent to update uncontrolled coptes as changes are made in the Hanford
project.
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PREFACE

This manual is a guide to the servicesprovided by the
HanfordInternalDosimetryProject (IDP),which is
operatedfor the U.S. Departmentof Energy - Richland

, OperationsOffice b_ythe PacificNorthwestLabora-
tory._aj The manual describesthe roles of and
relationshipsbetweenthe IDP and the radiation
protectionprogramsof the Hanfordcontractors.
Regardinginternalexposuremonitoring,this manual
also providesrecommendationsand guidancefor con-
siderationin implementingradiationprotection
programs.

The recommendationsof this manual are provided as
guidance,not requirements,to contractororganiza-
tions and personnelresponsiblefor designingand
operatingbioass.aymonitoringprograms. It is assumed
that each contractorwill decidewhether to implement
these recommendationsand assign individualWorkers to
bioassayprograms.

f_

!

(a) PacificNorthwestLaboratoryis operatedby BattelleMemorialInstitutefor
the U.S. Departmentof Energyunder ContractDE-ACO6-76RLO1830.
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1.0 INTRODUCTION

" The Hanford Internal Oostmetry Project (IDP) was
initiated in late 1944. By 1946, a routine program
had been established at Hanford to assess and document
occupational doses to emi)loyees from intakes of
tad i onucl tdes.

1.1 CHARTEROF THE HANFORDINTERNALDOSIMETRYPROJECT

The IDP is a sttewtde service project operated by the
Pacific Northwest Laboratory (PNL) for all Hanford
U.S. Department of Energy (DOE) and DOE-contractor
personnel. Its budget is authorized by the DOE
Richland Operations Office (RL), and is administered
and staffed by the Personnel Dostmetry Section within
the PNLHealth Protection Department. The Hanford
Site SQrvlces Handbook(RL 1993) assigns, by charter,
the following responsibilities to PNL:

• assessing and documenting occupational doses
from intakes of radtonucltdes

• determining compliance with applicable internal
dose standards

• administering the routine bioassay monitoring
program required by site contractors

• providing technical guidance to contractors on
internal dostmetry matters

• establishing models for evaluating internal
radlonucl ide deposition

• performing or initiating actions for prompt
evaluation of the internal exposure of personnel
involved in accidents or emergencies.

" 1.2 BROJECTSERVICES'

The IDP is administeredas specifiedby the Hanford
, contractors. It providesthe followingservicesfor

the benefitof all site employees:

• administeringthe routinebioassaymonitoring
programfor internallydepositedradionuclides
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1.2 PROJECTSERVICES(contd)

• investigating and documenting evaluations of
potential internal exposures for exposure record
ftles and contractor staff

• ensuring that the Analytical Services Laboratory _
conforms to the technical requirements of the
analytical services contract

• selecting and applying appropriate models,
procedures, and practices for evaluating
internal radtonucltde deposition and the
resulting dose

• guiding and supporting Hanford contractors in
technical matters regarding tnternal dostmetry.

The IDP is committed to quality service that meets or
exceeds DOEregulations and guidance, uses methods and
practices recommendedby appropriate nattonal and
international organizations, and acttvely explores
needed improvements tn technology and techniques.

1.3 LIHITATIONS OF SERV|CE

IDP capabilities are limited by the degree to which
contractors use the available services. The IDP
provides consultation and advisory services to
contractors for developing and establishing bioassay
programs. However, it is assumedthat the contractor
bears the direct responsibility for detemining that
workers receive adequate and appropriate btoassay
monitoring. This includes identifying needs for
bioassay monitoring and determining when potential
internal exposures have occurred. The IDP is not
responsible for reviewing air sampling data or other
workplace monitoring data to originally identify
potential intakes. However, review of such data by
the IDP is considered germane to an investigation of a
potential intake once a potential intake has been
identified.

Air sampling, contamination surveys, and other field
monitoring techniques provide the primary means of
identifying evidence of internal exposures at Hanford
facilities. Routine bioassay monitoring is considered
a secondary meansof identifying internal exposures.
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1.3 LIHITATIONS OF SERVICE(contd)

, It is assumedthat each contractor communicates to the
workers the need for bioassay measurements and the
need to address questions regarding measurements. The
IDP staff discuss measurement results with workers on
an Individual basts tf so requested by the contractor,
and also deals wtth spectftc questions tf contacted
dtrectly by workers. It ts the tntent of the IDP that
the contractor dosimetry organization be the focal
potnt for all communication wtth workers regarding
dostmetry needs and concerns.

The IDP provtdes btoassay servtces that, tf properly
used, should be capable of Identifying and evaluating
an intake resulting tn a committed effective dose
equivalent (CEDE) of 100 mrem. However, the
capability for such sensitivity depends, tn some
cases, on prompt Identification of potential tntakes
by the contractor, ustng workplace monttortng and
personnel survey techniques. Pertodic btoassay
monitoring does not necessarily provide adequate
sensitivity to detect intakes resulting tn lO0-mrem
CEDE.

1.4 PROJECTDIRECTION

Direction for the IDP comes from DOEOrders 5480.11
(1988), 5484.1 (1981), and the Hanford Site
Radtoloqtcal Control Hanual (RL 1992). Where DOE
Orders 5480.11 and 5484.1 may confllct wtth the
Hanford Stte Radtoloatcal Control Hanual, the latter
has precedence.

Additional technical gutdance is found primarily in
the recommendationsand standards of the International
Commissionon Radtologtcal Protection (ICRP), the
National Counctl on Radiation Protection and
Heasurements (NCRP), and the American Nattonal
standards Institute (ANSI).

P
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1.5 PROJECTRELATIONSHZPS

The XDPworks closely with Hanford contractor
dostmetry organizations to provtde a comprehensive
tnternal dosimetry servtce. However, the IOP has no
dtrect responsibility to ensure protection of workers,
to monttor or conduct surveillance of work environ-
ments, to operate facilities, or to assure worker
cooperation wtth btoassay measurement requests. Such
ttems are considered to be the responsibility of the
contractor.

The IDP also Interfaces wtth other sttewtde servtce
projects operated by PNL, Including Radtologtcal
Records, Whole Body Counting, Analytical Support
Services, _nd External Dostmetry.

The IDP ts also a memberof the Hanford Personnel
Dostmetry Advisory Committee (HPOAC). The HPDACts
an advisory body consisting of RL, contractor, and
dostmetry project representatives, and ts established
to revtew substantive current tssues and proposed
changes to Hanford personnel dostmetry programs. Its
purpose ts to tdenttfy technical, political, and/or
administrative tssues necessary for ma|ntatntng long-
term continuity of such programs, and to ensure tech-
nical quality and consistency of dostmetry practices.
Decisions and recommendations madeby the HPDACare
not binding on the IDP, but carry significant weight.

1.6 CONTENTSOF TH|S MANUAL

This document, the Hanford _nternal Dostm_t_y p_oJect
Hanua], is one of three programmatic documents of the
IDP. The other two are the Technical Basts for
[nternal Dosimetrv at Hanford (Sula, Carbaugh, and
Bthl 1991), which ts hereafter referred to as the
Technical Basis, and the Hanford [nternal Dostm_trv
Procedures Hanual (PNL-HA-565). The purpose, scope,
and Interrelationship of these three documents ts
described in Chapter 9.0.

Thts manual also describes

• the po]tcies upon whtch the design and operation
of the IDP are based (Chapter 2.0)

• the internal exposure assessment methods and
process and good practtce recommendations for
Hanford contractors to Implement IDP polictes |n
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their radiation protection programs
(Chapter 3.0)

W

• internal dose recording and reporting practices
(Chapter 4.0)

-_

• recommendations for participation in a btoassay
monitoring program, including measurementtypes
and frequencies (Chapter 5.0)

• the available bioassay services and instructions
for obtaining them (Chapter 6.0)

• the IDP response to potential internal exposure
incidents (Chapter 7.0)

• the qualtty assurance and qualtty control
features of the IDP (Chapter 8.0)

• the programmatic and technical assessment
documents and use of Program Change Records to
document any program changes (Chapter 9.0).

In addition, Appendtx A lists screening and follow-up
levels for routine bioassay measurements. Appendix S
contains tables of data fteld codes used in the REX
database. Appendtx C describes the analytical
procedures used by the Analytical Services Laboratory
to analyze samples, and Appendix 0 contains copies of
the instructions for each type of sample bJoassay ktt.
Appendix E contains the Hanford Internal Contamination
Incident ResponsePlan.

1.7 APPLICABILITYOE THE GURRENTREVISION

This revisionof the HartfordInternalDoslmetrv
ProdectManual supersedesall previousversions,and
incorporatesor supersedesall applicableProgram
Change Recordsthroughthe date that this revisionwas
issued.
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2.0 pRACTICESOF THE HANFORDINTERNALDOSIHETRYPROJECT

q

It ts IDP pollcy to comply wtth DOEOrders and the
Hanford Stte Radtoloatcal Control Manual (RL 1992).
Similarly, tt ts IDPpracttce to follow the gutdance
and good practtce recomendattons tssued through the
International Commissionon Radtologtcal Protect|on
(ICRP), Nattonal Counctl on Radiation Protectt_ and
Measurements (NCRF), U.S. Environmental Protection
Agency (EPA), DOE, and American Nattonal Standards
Institute (ANSI) to the extent practical.

Thts chapter describes the conduct of the IDP and
provtdes for Interpretation of applicable regulations
and gutdance for use at Hanford. The Hanford Person-
nel Dostmetry Advtsory Committee (HPDAC)has revtewed
and concurred wtth these practices. Modifications to

. them require advisory review by the HPDAC.

2.1 ASSESSMENTANDDOCUMENTATION._FINTERNALDOSE

This section presents criteria used to assess,
document, and revise internal doses at Hanford.

2.1.1 Criterta for Assesstna Internal Dose

Assessmentof potential tnternal exposure ts conducted i
for

• any potential occupational tntake reported to
PNL Internal Dostmetry staff by slte radiation
protection organizations

• any btoassay measurement that Indicates a
potential occupational tnternal exposure, not
previously evaluated, resulting in a 12-month
annual tnternal effective dose equivalent
greater than 10 mrem

, • any "baseline" btoassay measurement that Indi-
cates any detectable tntake not previously
evaluated and that ts not readtly associated
wtth a nonoccupattonal source

4

• any employee, htred by RL or a DOEcontractor,
who has tncurred an occupational tnternal
exposure.
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2.1.1 Criteria for Assesstna Internal Dose (contd)

The initial assessment generally should include
confirmatory btoassay measurements. To the extent
practicable, confirmatory bioassay measurements should
constst of at least

W

• one bioassay measurement following a workplace
indication of an intake

• two btoassay measurements following a btoassay
indication of an intake.

A potential intake ts considered to be confirmed tf

• a btoassay result exceeding the decision level
and the screening level ts associated wtth a
known incident, or

• a btoassay result exceeding the decision level
and the screening level ts followed by two con-
secuttve btoassay measurements, one of which
exceeds the dect ston level or screentng level.

If confirmatory follow-up measurements are not
obtained following a btoassay result that exceeds the
decision and screening levels, an intake wtl'_ be
assumedto have occurred unless there ts ow_rrtdtng
evidence that one dtd not. In thts ctrcums[ance, the
assumption on an intake is taken as "confirmation" and
any appropriate tnternal doses will be calculated,
recorded, and reported. The overriding evidence must
be discussed tn the evaluation.

Hanford visitors who receive "baseline" btoassay
measurementsthat detect radioactivity and have
"endtng work" measurementsconsistent wtth their
baseline measurementswtll not have their prior
occupational dose assessed by Internal 0ostmetry
unless the stte contractor requesting the measurements
specifically requests Internal Dostmetry to do so.
Instead, the requesting stte contractor and PNL's
Hanford Radtologtcal Records Project (HRRP) staff wtll
be notified by letter of the activity detected.
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2.1.2 Dose Assessment Pract|ces

Where appropr4ate btoassay data are available, they
" const|tute the prtmary bas4s for assessment of

tnternal dose. Workplace mon|tortng data (such as atr
samples) or other means may be used to assess dose tn

, cases where appropriate btoassay data are not
available.

CEDEsLess Than If the available ev4dence suggests that the Com4tted
500mrem Effective Dose [qutvalent (CEDE) from an tntake does

not exceed 500 mrem and spectftc tnfomatton ts not
readlly avallable, generallzed (default) models and
assumptions may be used to assess the dose. These
general assumptions are as follows:

• The tntake ts assumedto occur by Inhalation.

• The tntake ts acute.

• If the actual tntake date(s) ts unknown, the
tntake occurs at the mtdpo|nt to the potentta]
exposure pertod for acute tntakes or through the
potential exposure pertod for chrontc tntakes.

• For monitored workers, the potential exposure
pertod extends back one monitoring pertod unless
knownto be otherwise.

• The radtonucltdes that were observed tn btoassay
measurements or were otherwise known to be
present are tncluded tn the assessment.

• The physiological characteristics of the
Reference Han or Womantn ICRP 23 (1974) are
assumed.

• The btoktnettc models and parameters described
|n the Technical Basts are used for radto-
nuclldes tncluded tn the document; othe_tse,
models and parameters endorsed or prescribed by
the NCRPor [CRP are used.N

• Current gutdance tn the Hanford S|te Radtoloa-
tc_1 Control Haqual (RL 1992) requtres that the
dose to the embryo/fetus be calculated
separately from the dose to the mother. The
recorded internal dose to an embryo/fetus ]s
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2.1.2 DQseAssess_ent Practices (contd)

CEDEsLess Than calf ....lated as the sum of the dose equivalent to
500 mrem (contd) the embryo/fetus from radtonucltdes deposited tn "

the embryo/fetus and the dose equivalent to the
embryo/fetus artstng from radtonucltdes
deposited tn the declared pregnant woman. For ,
most radfonuclldes, the dose to the embryo/fetus
wtll be stmtlar to or less than the dose to the
corresponding maternal ttssues.

CEDEsAbove 500 mrem At projected CEDEsabove 500 mrem, acttons are taken
as follows:

• Btoassay and exposure charactertzatfon data are
obtained to enable adjustments to be made to the
default assumptions and models, as appropriate.

• All radtonucltdes potentially tnvolved tn the
exposure are considered, including those not
specifically Identified tn the tnJttal btoassay
measurementsbut expected to be present.

• Consideration may be gtven to Individual-
spectftc physiological characteristics.

Record/ng Doses Dose equivalents are recorded as calculated for each
assessment, wtth the following spectal provisions:

• Quantified doses of less than 10 mrem are
rounded to the nearest whole number, and doses
of 10 mremor greater may be rounded to two
significant ftgures.

• Organ dose equivalents are recorded for any
organ contributing more than 10% to a CEDE
exceeding 100 mrem or for any organ receiving an
annual dose equivalent of more than 100 mrem.
(For radtonuclldes such as trtttum and radio-
cestum, which provide dose homogeneouslyto all
organs, the dose may be recorded as whole body
dose; however, tt ts understood that the same
dose applies to all organs.)

• The CEDEwtll be asstgned to the year of tntake.
[f the associated organ dose exceeds 100 mrem
committed dose equivalent, the committed organ
dose equ|valent will also be recorded tn the
year of tntake.
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Z.1.3 Documentation of Dose Assessments

Assessments of occupational internal exposures are
" documented. The documentation includes or references

the methods, assumptions, and data used to make the
assessment and lists the assessed dose equivalents. A

. copy of the documented assessment is provided to HRRP
for placement in the worker's radiation exposure ftle.
For each assessment, a letter, summarizing the con-
cluston of the assessment and updating the worker's
current tnternal exposure status, is sent to the
worker's radiation dostmetryorgantzatton.

Assessmentsare documentedwithin 3 months of obtain-
ing all the necessary data. A preliminary assessment
is issued by February 1 for all tnternal exposure
cases initiated the preceding year for which ftnal
assessments have not been completed.

Chronic tnternal exposures are assessed on a calendar-
year basis for continuing exposures.

2.1.4 Dose_ssessment Revisions and Uodates

The dose assessment for an active worker with a prior
intake wtll be reviewed and updated every five years
if the assessed dose from any or all intakes in a year
is greater than 1.0 rem CEDEand if the principal
radtonucltde has an effective half-life in any
assessed organ of greater than one year. After the
first update, a decision on the feasibility of another
five-year update will be made, depending mostly on
whether future btoassay measurements would be expected
to containdetectableactivity.

Assessmentsfor activeworkers are revisedwhen
informationdemonstratesa change in the currently
assessedcommittedeffectivedose equivalentof
0.5 rem or a factor of 1.5 of the previouslyassigned
dose for that intake,whichever is higher.

When the revisioninvolvesa specificexposurecase,
" the contractordoslmetryrepresentativeis notified,

in advance,of the need to issue a revisedassessment.

. When the revision results form general changes in
dostmetry techniques, assumptions, or regulations, and
a numberof exposure cases are affected, then Internal
Dostmetry presents a discussion of the impacts of the
change to the HPDAC.
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2.2 |NTERNALDOSEREPORTS

Internal Dosimetry provides reports of internal dose
to contractor dostMtry organizations and to HRRPas
described in the following subsections.

2.2.1 Regorts provlded CQContractor DosJmetrv Oraantzattons

Ftnal exposure evaluation reports are provided to
contractor dostmetry organizations upon completion of
internal exposure evaluations. Preliminary reports
(verbal or written) are provided upon request. The
reports contain the following information:

• 50-year CEDEfor the assessed exposure

• year of intake

• facility at which intake occurred

• any long-tem follow-up btoassay
recomendattons.

2.2.2 Reoorts Prpvi_ed to the Hanfgrd Radjoloqtc_] Records Pro_ect
i

The IDP wtll provide internal dose information to the
Hanford Radtologtcal Records Project through the
Radiation Exposure System (REX).

2.3 BIOASSAYMONITORINGPROGRAM

Internal Dosimetry provides - to the extent that
Hanford Site contractors and the RL will support and
that technical capabilities will allow - a btoassay
monitoring program capable of detecting an intake
potentially resulting in a CEDEof 100 mrem.

Facility-specific radionuclide mixtures and charac-
teristics are considered in the development of the
bioassay monitoring program. Btoassay capabilities
are optimized, considering sensitivity requirements
and costs.
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2.4 PROJECTDOCUMENTATION

The practices and general recommendationsof the IDP
are documentedtn thts controlled distribution manual.
Copies of the manualandupdates to the manualare
maintained in the Hanford Radiation Protection

. Histori cal Fi l es.

Changest n practices and recommendationspresented t n
the documentare by ProgramChangeRecords. Each
ProgramChangeRecordis distributed to program
c]tents and the RL programmonttor. A copy of the
record ts maintained tn the Historical Ftles.

The following ttems are also documentedor referenced
tn the Historical Files:

• operating procedures

• technical bases

• btoktnettc models

• computercodes

• In Vivo RadioassayandResearchFacility (IVRRF)
Statementof Work

• ExcretaLaboratoryStatementof Work.
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3.0 INTERNALDOSEASSESSHENT

" The process of assessing Internal dose Involves
collecting and analyzing Information concerning a
potential Internal exposure and developing a con-

. clusJon regarding the magnitude of the exposure tn
terms that can be related to radiation protection
standards. In a broad sense, the dose assessment
process consists of three parts:

• Identifying a potential exposure
• collecting exposure Information
• evaluating and documenting dose equivalent.

A successful Internal exposure assessment effort at
Hanford depends on the support of both the contractor
dosJmetry organization (i.e., Field DosJmetry) and the
IDP. Field Dostmetry has the primary responsibility
for Identifying potential internal exposures for
assessment. Internal DosJmetry supports this effort
by providing guidelines and recommendations for
establishing routine btoassay monitoring programs and
for identifying situations that warrant assessment of
internal exposure (see Chapters 5.0, 6.0, and 7.0).
The performance of bJoassay measurements and the col-
lection of other data and information used in the
assessment require the combined efforts and coopera-
tion of Field Dostmetry and Internal Dosimetry.

Evaluating the data, assessing Internal dose, and
documenting the assessment are primarily the responsi-
bility of Internal Dosimetry, as discussed in this
chapter.

3.1 GENERALDESCRIPTIONOF AN INTERNALEXPOSUREASSESSHENT

Determining when and what kind of an assessment of
internal exposure is necessary, and how the assessment
is conducted for various exposure situations, ts key
to the assessment process.

3.1.1 Criteria for Performfnq an Assessment

. Program practice statements in Chapter 2.0 establish
the criteria for determining when an internal exposure
assessment is needed and provide the general guidance
used in performing the assessment.
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3.1.2 TyDes of Assessments

Assessments of potential Internal exposures generally
fall Into one of three categories:

• preliminary evaluation
• final evaluation
• reevaluation.

Prelfmfnary Evaluatfon A preliminary evaluation may be performed before
completing the follow-up Investigation. Its purpose
ts to provide a prompt or intertm assessment of the
potential seriousness of an Intake prior to obtaining
the data required for a final evaluation. Because the
preliminary evaluation Is performed before completing
the Investigation, the assessment of the magnitude of
exposure ts based on relatively conservative assump-
tions. Thus, preliminary evaluations tend to result
In a higher assessed dose than do final evaluations.

In cases where the significance of the potential
exposure ts obviously small, the conclusions of the
preliminary evaluation are reported verbally. For
cases wtth greater significance, Fteld Oostmetry may
request a written preliminary evaluation. A prelimi-
nary evaluation will also be Issued by February 1 for
evaluations Initiated tn the preceding calendar year.

Ffnal Evaluatfon A ftnal evaluation represents the conclusion of the
Internal dose assessment process based on the follow-
up investigation. (See Exhibit 3.1, Internal Dose
Evaluation Report Form, at the end of thts chapter.)
As stated tn Section 2.1.3, a report on the final
evaluation is issued within 3 months of the receipt
of the necessary data. Generally, the ttme period
between identifying an intake and tssuIng a ftna]
report ranges from 1 month, for stmple cases, to
1 year, for complex cases requiring long-term btoassay
data. Final evaluations may be revised by Issuing a
reevaluation report If additional evidence is obtained
affecting the conclusion of the previous final
evaluation.,

Reevaluat'ion A reevaluation ts an updated final evaluation report.
The criterta for determining when a reevaluation
should be performed are provided in Section 2.1.4.
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3.1.3 Qeneral AoDroach

" Internal dose assessments are conducted by Investi-
gating the nature of the exposure and by analyzing
btoassay measurement results and other pertinent data.

. Stoassay measurement data provide Information on the
deposition and retention of rad|onuclldes tn the
involved individual(s) and, therefore, provtde the
best basis for assessing internal dose. However, tn
cases where btoassay data are not available, an inter-
nal dose assessment can be made using other available
tnfomatton, such as a|r sample data, source tems,
contamination surveys, and other relevant sources.

3.1.4 Exposure Assessment Situations

Vartous situations necessitate an assessment of
tnternal dose. Table 3.1 ltsts posstble situations
for which an assessment may be needed and the criteria
used to determine tf an assessment is needed.

3.2 pERFORH[NGTHEASSESSHENT

Whenone of the situations tn Table 3.1 occurs and the
dose assessment criteria are met, an assessment of
internal exposure ts performed. The assessment
process includes investigating the potential exposure,
documenting the results, and reporttn9 conclusions.
Ftgure 3.1 depicts the steps that make up the complete
assessment process.
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:Ti_J,F;_;I_.I. Dose AssessmentSituations

Crtterta for Initiating an
Situation Internal Dose Assessment

Field Dostmetry identifies Field measurement data meet contractor
a potential internal criteria for potential exposure. -
exposure incident. (Recommendationsfor these criteria are

provided in Chapter 7.0.)

Special (nonroutine) Heasurement results indicate internally
btoassay measurement shows deposited radtonuclides.
detectable activity above
natural background.

Routine btoassay Measurement results exceed the screening
measurement shows level of the routine btoassay monitoring
activity, program. (See Appendix A.)

Btoassay result for a Whenrecent and previous known btoassay
worker with a known measurements are compared, tt ts determined
tnternal deposition shows that the recent result exceeds nomally
an unanticipated increase, expected fluctuations.

Btoassay data collected Evidence suggests that the assigned CEDEmay
subsequent to an evaluated be in error by 0.5 rem or a factor of 1.5 of
intake suggest that the the previously assigned dose, whichever is
assigned dose may be higher.
incorrect.

Fteld Dosimetry requests a Request by Fteld Dosimetry.
spectal internal dose
assessment.

Prior work historyor Bloassayor other Infomatlon indicates
basellnebloassay internallydepositedradloactlvltyat the
measurementfor a newly tlme of employment.
hired employee indicatesa
previouslyincurred
occupational exposure.
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FIGURE 3.1. [nternal Dose Assessment Process
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3.2.1 InvestIqation

The Investigation phase of the exposure assessment
process Involves the performance of special bioassay
measurements and the collection of other pertinent
data.

Special btoassay measurements have three purposes:

1. identifying (confirming) that an Intake occurred

2. establishing the material's distribution tn and
clearance from organs tn the body

3. assessing dose equivalent.

Recommendationsfor special bioassay measurements are
madeby Internal Dosimetry on a case-by-case basis,
consistent with stated practices tn Chapter Z.0 and
other guidance provided tn Chapters 6.0 and 7.0, and
with the concurrence of Field Dosimetry. The type and
extent of the measurements depend on the significance
and complexity of the exposure case.

Special measurements for assessing dose are based on
the need to establish the magnitude of the internal
deposition and its clearance rate from the body.
Generally, the frequency for performing special
bioassay measurementscan be decreased with time post-
tntake, unttl, for long-retained nuclides, the
measurementscan be continued on an annual monitoring
frequency. It is recommendedthat special bioassay
measurements continue until the measurementresults
are consistently less than detectable or below the
screening level established for routine bioassay
monitoring. Other Information which may be Important
to the assessment is listed in Table 3.2.

The Investigation determines that either an Intake did
or did not occur. If the conclusion is that an
occupational intake did occur, the magnitude of the
Intake or deposition and the committed effective dose
equivalent (CEDE) are determined and assigned. Annual
doses may also be determined and assigned. If an
occupational Intake ts not confirmed, no dose.Is
ass|gned..
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I_J.F._,3._. Infomatton Supporting the Internal Dose Assessment

IlL I III II I I I III IIIIII I I II III II III I I I
6

Information

Type ................. Examples ..........

- General Location where exposure occurred
Infomation

Description of the exposure event, including time, suspected
modeof intake, duration of intake, and other individuals
involved

Personnel contamination survey results and decontamination
actions

Radtonucltdes involved, including relative abundance tn
mixtures

Phystcal and chemical characteristics of contamination and
host matrix

iiii i i i nnllll mm i i lull Iii1! I I I

Inhalatlon Airborneradlonuclldeconcentrations
Intake Respiratoryprotectionused
Information Observed faclal,nasal, and/or hand contamlnatlon

Breathinghablts (mouth/nosebreather)
i i i ilnlllll • i i ii ii i i iiiiii

Absorption/ Location of wound
Wound Cause and description of wound
Information Woundcontamination survey results

Characteristics of contamination tn and around the wound stte
Medical and health physics actions

i i i i IIIll I II I I i iiim

Materials Analysts of the following materials can also provide useful
for information, and tt ts recommendedthat, to the extent
Potential practical, these materials be identified and retained for one
Analysis month:

- air sample media (filters, canisters)
- contamination smear survey pads

. - nasal swab and irrigationfluid
- respirator filters
- ,ound debrts (blood, tissue, foretgn matter).

i ii ii ii i
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3.2.2 Documentation

Internal Dose Occupational |nternal exposures to radtonuclldes are
Evaluation Report assessed and fomally documented through the Internal "

Dose Evaluation Report. Thts report provtdes the
methods, assumptions, data, and conclusions of the
assessment. All subsequent detailed or summary
accounts of |nternal dose from a particular exposure
event are dertved from the report.

Internal Dose Evaluation Reports are prepared by
Internal Dostmetry, ustng methods and assumptions
described in this manual, tn the Technical Basts
document, and tn other resources, as appropriate.
Before any report |s issued, it ts revtewed Internally
by a peer.

Exhtb|t 3.1 (at the end of thts chapter) shows the
form used to document Internal Dose Evaluat|on
Reports. Thts fom is used to identify the
assessment, organize the content of the report,
summarize the conclusions, and show who prepared and
revtewed the report. Whenan assessment ts complex,
spectal attachments contatn|ng the detatls of the
assessment are included with the form.

Each tnternal dose evaluation ts |dent|f|ed by a
untque tdent|ftcatton number. Prtor to 1987, numbers
were asstgned sequentially. Beginning on January 1,
1987, the numbering system was revtsed to tnclude a
five-digit event number followed by a two-digit person
designator and a one-digit evaluation revtston desig-
nator. The f|rst two digtts of the event number
represent the calendar year durtng whtch the evalua-
tion ts or|gtnally |ntttated, and the next three
dtg|ts are asstgned sequentially to each event durtng
that year. The sequence character after the two-d|gtt
|ndtvtdual worker number indicates that the evaluat|on
report ts e|ther the ortgtnal (A) or a revtston
(B,C,D...). For example, the evaluation number
"8700S-O2A" 1dent|lies the evaluation as the ortgtnal
verston tssued for Individual number 2, who was
tnvolved tn the ftfth potential tnternal exposure
event of 1987.

Evaluation numbers are asstgned by the Internal ,
Dosimetry clerk upon notification that an assessment
wtll be performed. The evaluation number may also be
referred to as the Dose Evaluat|on ManagementSystem
(DEHS) number, which is used to track evaluations.
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3.2.2 0ocumenta_ton (contd)

Internal Dose The foil,wing tnfomatton ts provided tn the
" EvaTuatfon Form evaluation report:

(contd)
• the eval uatt on number

Q

• the worker's name, payroll number, and social
securtty number

• _he date or period of exposure (actual or
assumed)

• the area and butldtng where the exposure
occurred or t s assumedto have occurred

• a summaryof the exposure scenario, tf known

• mode(s) of intake (actual or assumed)

• radtonuclldes addressed by the assessment.

The evaluation report also contatns

• a summaryof data used tn the assessment

• a description of assessment methods and
assumptions

• CEDEs

• the committed dose equivalent to organs meeting
the crtterta in Sectton 2.1.2

• references, as requtred
)

• the author's nameand signature

• the peer revtewer's signature.

" 3.2.3 AssessmentReoor_tna

SummaryLetter A letter summarizing the conclusions of the evaluation
, ts sent to Fteld Dostmetry. The evaluation report and

a copy of the summaryletter are sent to the HRRP
Ltbrary for |ncluston tn the worker's radiation
exposure ftle.
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3.2.3 Assessment Reoorttna (contd)

Summary Letter (contd) The summaryletter contatns the following information:

- the worker's nameand payroll number

- the date or pertod of the exposure(s)

- the area and but ldtng where the exposure
occurred

- the assigned CEDE(s)

- recommendations for further follow-up smpllng.

A copy of the evaluation report wtll be provtded to
F|eld Dostmetry upon request. Currently, Hanford
employees seeking a copy of thetr evaluation reports
should request coptes through Field 9ostmetry.
Requests from former Hanford employees are processed
by the HRRPstaff.

3.3 DOSEASSESSHENTHETHODS

Program practices, discussed in Chapter 2.0, provide
general statements regarding the operation of the [DP.
Technical constderat|ons for the |nternal dose assess-
ment process are covered tn the Technical Basts docu-
ment (see Chapter 9.0) The methods and approaches
used for tnvesttgattngl evaluating, and reporting
internal dose assessments are summarized in thts
section. These "default" methods are used unless
available information potnts to a more appropriate
method or assumption. If methods and techniques other
than those discussed here are used, they are docu-
mented |n the evaluation report.

3.3.1 _eneral ADoroach

Internal exposures are preferably assessed based on
btoassay measurementresults. However, tf btoassay
data are unobtainable, the assessment ts performed
using whatever information ts available.

Direct (in vtvo) measurements of internal content and •
retention patterns are preferred to indirect (excreta)
methods that requtre the use of excretion functions
and btoktnettc models.
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3.3.1 General A0oroach (contd)

Assumptions used tn the dose assessment process should
" be conservative but real|sttc. Caution should be

exercised when multt_le conservative assumptions are
compounded. Assumptions should not be made when

. actual data or Information are available.
I

Whenthe actual intake ttme or period ts not known, tt
ts necessary to attempt to |denttfy the probable
tntake date(s). Thts may be done by cons|dertng
available evidence, such as atr mnttortng results,
contamination surveys, operat|ng periods, previous
btoassay measurement results, and any other pertinent
|nfomatton. After narrow|ng the intake ttme to a
probable ttme pertod, it ts assumxJ that an acute
intake occurred at the mtdpotnt of that period. ]f
the evidence suggests that a chronic exposure ts more
reasonable, ttts assumedthat the chronic exposure
occurred uniformly throughout the duration of the
probable exposure period.

If the mode of intake ts not known, ttts assumedthat
the |ntake was by inhalation.

3.3.2 Evaluattna Luna Dose for Inhali_ton Exposures

Potential lung doses from Inhalation exposures must be
considered even tf dtrect tn vtvo measurements do not
identify the nuclide tn the lung. ]n such cases,
assessments of the lung burden and dose should be
performed using alternative techniques, such as
excreta measurements, atr samples, or other available
Information. However, the assessed acttvtty In the
lung should not exceed the reported mtntmumdetectable
acttvtty (MDA) level of the chest measurement.

3.3.3 Solubility .and Parttcle Stze AssumDttons

]nput terms for btoktnettc models should be based on
fteld data and on btoassay measurementsthat are
spectftc to the exposure event being eva]uated. Z£
model tnput requtres tnfomatton that cannot be
reasonably obtained, appropriate conservative assump-
tions should be used. For particle stze input to the
bioktnettc model of the respiratory tract, the default
parttcle size input is 1.0 _mAMAO (activity median
aerodynamic diameter). For transportability class
input to the model, the transportability char-
acteristics should be determined based on the known or
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3.3.3 Solub41|tv and Pirttcle Stze Assupottolls (contd)

robable chemtcal and phystcal makeup of the material.
he evaluation should tnclude appropriate discussion

of the rationale for choostng tnese parameters.

3.3.4 Radtonucl|des Included tn the_ssossment

The tnternal dose assessment should constder all
radtonucl|des that are Identified by tn vtvo or fteld
measurements, as well as additional radtonucltdes that
are reported by Fteld Dostmetry as betng present or
that are known to be present from prevtous exper4ence.
]f f|eld measurements |ndtcate gross radioactivity
levels only (gross beta, gross alpha), appropriate
radtonucltde representations of these levels should be
used based on a conservative evaluation of radio-
nucltdes potentially present. Reference radtonucltde
mtxtures developed |n the Technical Basts can be
considered applicable tn thts situation.

3.3.5 Assessment of Exposures of Localized Ttssue

For radtonucltde depositions tn localized ttssues,
such as tn regtonal lymph nodes or at wound sttes, the
quanttty of the radtonucltde deposited tn the ttssue
and tts projected half-life are assessed and docu-
mented. Thts assessment becomespart of an Indi-
vidual's radiation exposure ftle, but ts not used for
determining compliance wtth e|ther stochastic or non-
stochastic dose equivalent l|mtts. Thts approach ts
analogous to the approach required by the Hanford $tte
Radtoloatca] Coql;rol Hanual (RL 1992) for Irradiation
of 11mtted areas of the skin. Add|ttonal discussion
ts provtded tn Appendtx B of the Technical Basts.

3.3.6 B:loktnettc Hodels

Stoktnettc models for spectftc applications are
discussed tn the Technical Basts. The standardized
models summarized below are used for tntttal evalua-
tion of tnterna) exposure and are applted to ftnal
evaluations unless a more appropriate model ts deter-
mtned to apply to the spectftc exposure situation.

Respiratory Tract The general model for the respiratory tract presented .
Model tn ICRP 30 (1979) Js used to evaluate retention and

elimination of tnhaled particulates by the respiratory
system.



S_uon 3.0

m,,,,u:12/93 Sup,mU,,:7/89 PNL-MA.552 e,O, 13 of 25
I I I IIIII II II I I I I I II u I ININ I III I I I I

3.3.6 Btoktnetlc Models (contd)

Gastrointestinal The model for the gastrointestinal (GI) tract
" Tract Nodel presented in ICRP 30 (1979) is used to evaluate

retention and absorption of materials by the stomach
and small and large intestines.

Systemic Retention The systemic retention models used are those described
NodeTs in ICRP 30 (1979), except for the updated recommenda-

tions on uptake fractions and retention for trans-
urantc radionucltdes contained tn ICRP 48 (1986).
Retention models are most useful when organ uptake
and retention cannot be determined using in vtvo
measurements.

Systemic Excretion The systemtc excretton functions tn Table 3.3 are
Nodels applied to excreta data unless a more appropriate

model appltes to a specific situation. The models are
discussed further in the Technical Basis.

I_J.[____. Excretion Functions

Element , , System!c Excretion Model

Plutonium Jones function (Jones 1985)

Strontium Alkaltne earth model, as implemented by the
GENHODcomputer code (Johnson and Myers 1981)

Uranium ICRP 30 (1979) retention model

Tritium ICRP 30 (1979)retentionmodel

3.3.7 ComDuter Proqram@Used for Dose Calculations

The computer program codes ltsted in Table 3.4 are
consistent with the retention and/or excretion models
discussed previously. The codes are used in the
assessment process unless another approach is deter-
mined to be more appropriatefor the specific

" situation. Each of the computerprograms is
documentedin the HanfordRadiationProtection
HistoricalFiles.
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I_J._. Computer Programs Used for Dose Calculations

Computer Program
Code Name Purpose

_- GENHOD A genewal-purpose retention, excretion, and dose-
calculation program that ts compatible wtth ICRP 30
(1979) and ICRP 48 (1986).

PUCALC A set of programs for estimating systemic uptake of
plutonium from urtne data.

PLUDO,GENDOS Adaptations of GENMODfor calculating calendar-year
dose equivalents from p]utonium tntakes.

CINDY A dostmetry code specifically developed for Implement-
Ing DOE5480.11 (1989) ]nterna] dose provts|ons.

GENCOMP A code to so]ve first-order differentia] equations for
catenary compartments ustng a _tde variety of input
options for the ftrst compartme,t.

3.3.8 Simplified Do_e Assessments

The simplified dose assessment procedure ts a
standardized approach for assessing interna] doses.
The procedure ts generally employed for

• calcu]ations used in bioassay program design

• initial dose assessmentswhen availab]e bioassay
and other data regarding the exposure are
minimal

• ftnal assessments for which the dose equivalent
is re]atively ]ow.

Genera]ly, the simplified dose assessment procedure ts
used for final assessment of intakes resulting in
CEDEsof less than 100 mrem.

The simplified dose assessment procedure employs the
standardized excretion and retention functions and
assumptions discussed prevtous]y in thts sectton and
other specific assumptions and methods described tn
the Techni ca] Basts.

If the assessed dose, using the simp]ified dose
assessment procedure, exceeds 500 mrem CEDE, then
mode]s, methods, and assumptions are reviewed to
determine their app]icability.

I . , ,r
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3.3.9 Dose Assessment Flowcharts

Flowcharts have been developed to guide the assessment
" process for several situations where doses are usually

small and may be complicated by the fact that sources
might be environmental rather than occupational.

. These flowcharts were developed to allow practical
decisions to be madewithout severely impacting the
worker or the work when the consequencesof a wrong
decision are small. The following flowcharts and
supporting items are provided at the end of this
chapter:

Exhtbtt Title
i i i i

3.2 Determining Occupational and
Nonoccupattonal Intakes

3.3 Baseline Samples - Tritium

3.4 Baseline Samples - Elemental or
Isotopic Uranium

3.5 Assessing Chronic Exposure - (]US

3.6 Detection of Cesium-137 in the Whole
Body Exam

3.7 Cesium-137 Questionnaire

3.3.10 Internal Dose Assessmentto the Embryo/Fet_lS

The internal dose to the embryo/fetu_ considers
contributions from radionuclides deposited in the
embryo/fetus and dose equivalent arising from
radionuclides deposited in the declared pregnant
woman. Until better information is available, the
dose calculation methods described in the U.S. Nuclear
Regulatory Commission (NRC) Regulatory Guide 8.36,
"Radiation Dose to the Embryo/Fetus" (NRC 1992), shall
be used.

. 3.4 GOOD PRACTICERECOMMENDATIONSFOR FIELD DOSIMETRY

Monitoring and assessing internal occupational
exposures at Hanford are accomplished through the

- mutual effort and cooperationof the IDP and Field
Dosimetry. These activitiesare complementary;that
is, both the contractorand InternalDosimetry
responsibilitiesmust be fulfilled. The recommenda-
tions providedbelow are suggestedby Internal
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3.4 GOODPRACTICERECOI_IENDATIONSFOR FIELD DOSIMETRY(contd)

Dosimetry as general guidance for Field Dosimetry
administration of monitoring programs. In addition to
this general guidance, Internal Dosimetry provides
specific guidance and technical support as needed.

3.4.1 Identtfytna Routine Btoassay Monitortnq Needs

The following good practice recommendationscover
activities that are required for a complete internal
dostmetry program:

• Identify the routine bioassay monitoring needs
of individuals and arrange for a routine
bioassay monitoring program that is responsive
to these needs. The btoassay monitoring program
should be radionuclide-spectftc; that is, the
program should be established by radtonucltde
and exposure scenario, rather than by measure-
ment type. General guidance on the needs of the
bioassay monitoring program is provided in
Chapter 5.0 of this manual. Internal Dostmetry
can recommendmeasurement types to ensure the
inclusion of radionuclides of concern.

• Apprise Internal Dosimetry of the radiologtcal
conditions in facilities. Include identifica-
tton and physical and chemical characteristics
of the radtonucltdes and the potential internal
exposure situations that exist.

• Contact Internal Dosimetry as needed for
specific guidance and support in the setup and
operation of the routine bioassay monitoring
program.

)

• In cooperationwith InternalDosimetry,identify
the radlonuclidesfor which bloassaymonitoring
is not performedor is not adequate,and assure
that appropriatemonitoringof these radio-
nuclides (using other techniques) is provided.
This could apply, for example, to short-lived

' radtonuclides that cannot be reltably detected
through routine bioassay monitoring.

• Matntain procedures for collecting workplace and
personnel monitoring data, evaluating the data,
documenting the results, and maintaining
records.
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3.4.2 Xdenttfytna Potential Internal Exoosures

• Identtfy potential tnternal exposure events and report
these promptly to Internal Dostmetry. Assessmentsof
tnternal dose are more accurate and can be performed
wtth less expense tf the tntake ttmets known, tf

- follow-up samples are collected shortly after tntake,
and tf fteld data are available regarding the nature
and characteristics of the exposure. Spectal btoassay
measurementsare requtred tf a worker tncurs a poten-
ttal tntake of 0.02 ALI tn an tnctdent or over a short
pertod of ttme.

3.4.3 Hanaatna Interna] Exoosures

Goodpracttce tn managtng tnternal exposures tncludes
adhertng to the following recommendations:

• Avotd potential tnternal exposures to workers
unttl baseltne btoassay measurements have been
performed and prtor exposure htstory has been
reviewed.

• Constder the tmpact of internal exposures on
allowable external exposure for workers with
tnternal doses.

• Constder a work restriction tf the committed
dose from tnterna] exposure significantly
impacts administrative control levels.

• Consider a temporary work restriction to avotd
exposure to like radtonuc]ides tf such exposures
could adversely affect an ongotng Investigation
of a potential internal exposure.

• Provtde long-term follow-up btoassay measure-
ments for workers wtth current tnterna] deposi-
tions. Thts tracks the retention of the
radtonuc]tde and establishes a base]tne from
which to evaluate possible future exposures.

• Inform the worker of the status of the follow-up
investigation and dose assessment.
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EXHIBIT 3.1. Internal Dose Evaluation Report Fom

OBallelle STn:CTLVPn:VATS •,._ _ _w.. EVALUATIONOF POTENTIALINTERNALEXPOSURE
I I IPIII I , ill I I I I Illl

Name PayrollNo. Soc.Sec. No. Potential Intake No.
m

PotentialIntake Scenario: .... Dote of PotentialInioke:

i i

'DoseEveluotionSummery: ......

i ii

Attachments: Evaluatedby:

Reviewed by:

A.IB_._ NIJe4)
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EXH|BIT3.Z. Detemlntng 0ccupattonal andNonoccupattonalIntakes*

lU i i

" Slnoe last bioasny, has individual Was individualInvolvedIn any
workedwithrsdlom:_vemstmtalor Yes or abnormalredioeollve Yesor

entlred a radlaUonzone (other unknown ¢onlaminallonevent umm/,,___
thenthat produoedby a radiation- (e.g., _ntamination q_resd,
generatingdevtoe)? clothingor ,kin oontminaUm,

or high irbome expoeure)?
ii i i i i ill

No_ No +
, Yelor I_ 'I,,__ _Islno,last bloasmy, hal Indlvldual unlmown I Is there in environmental

I hadworklomktlonIn or spent _ _uroe that edequabI4yaq_alns

I slgnlflr_nttlme In 100, 200, or - I blou_y results?I , 300 Areas?

N°I
Is therean envlronmentaj Conclude

source that adsquatsly explains nonoocupatlonal
bloumy results? source.

Noor unknown

Unknownsource.Wdte up and
placein individual'sfilebutdo not

assigndose. S9112090.6

*Does not apply to 24_m or plutonium because of possible increases over long time periods.
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EXHIBIT3.3. Basellne S_ples - Trtttum

ep

No

Ib

Wu workerexpoesdbefore Wrb letlorto lie. Ctmngo lesue
simplewu taken?(Inveslglm relumno0cloto PFIorCR. Result> 80 _ "nommr

workh_o_.) k_x.
Yes

Noor unknown

Trackaschmnk:,
AssignDEMSnumber. Result> 800dpm/mL Evaluateatyearend
Collecttwofollow-ups, or termlndon.

Yes

Dotoliow-upsconllnn? Evakmtionld_owsno ReportresullstoEE
conllmmtion, forimmedtJto

review.

Nofollow-ups, Yes

Doesinvestigationrevealsouroe Evaluai am
and clmlBof intake? occupdonaldoes.

No

Doesan envim_ source yes Evaluatem
adequatelyexplaintheresults nonoocupidionaJsource,

(e.g.,watersamplesorspouse)? no dose(NON on -,
INTERTRAC)

No,
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EXHTBTT3.4. Basellne Samples- Elemntal or 1sotoptc Urantum

w -

I"°Areruub >o_ _0/ck_ ......

41

Hilli l lll i I I I ill ,i |ll ii i

W"--'--- I _" _i '*--'|0|" _ '............. ,,,_ _,m-,u _. !

i i i i HHill I I

_o. os,sm_. I__._ ,,c,,
Cokd r.of_

i

1
i ii T

Dofollow_ conllrm? w,_

i

Yes _pv

I DOesinv-tj°n re" sourceY'and. of int.? __

No,op

, ,

Do_ an__ source Yes
a(_a_ ,ram mem_s?

(Ted wller _les orepouse )

No _

$9112090.4



S,mlk,,3.0
n,,.ed: 12/93 Sq.,r,.d,,,:7/89 PNL-MA-552 Page 2Z Of 25

L I I I III II III I I I I I

EXHZBZT3.5. Chronic ExposureAssessment- QUS

i

Are any results• 0.2 i,g/day? Noconfirmationof
occupationalintake.

i ill ill I II

yesl

V i i

Conclusion:

Are any results>2 I,g/day? (_:cupational Intakebutannualeffectivedosefrom
Intake Is not• I0 torero.

Ye4_

i i i iii i ii i iiiii i i

Calculate geomatriomean
excretionrate.

Conclusion:

Is the geometricmean _-_-_lb_l OccupationalIntake,but

excretionrate • 2 _Lg/day? i -v i ,v

annualeffectivedose from
Intake is not • 10 torero.

"¥_ I r
i

Indlvidual-speciflcevaluation. _ Issue"normal"letter.Do not J

'_, au.lggn_noccupationaldd_ose_,,,,,,,/

59112090.3
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EXHIBIT3.6. Detection of Cestum-1371n the WholeBodyExm

. S9112090.2
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EXHIBIT3.7. Cesium-137questionnaire
i ,r ,,,,Tn,,,,,,, ,,, ..........................

CESIUM- 137 OUEIiTIONNAIRE

Name: .................. Payroll No.: ..............
i

Contractor: Data of WSC:
ii ii r nlnlllnlll I II ii

Your whole body count (WSC) on the above date detected the _ of I small quantity of emmlum-137. Thll
Isotopecan r_ultfrom envlronmentela# well##occupetlonmlsoumm. Plemm anawer me foUowingqueltlonato
help determine the follow,up rlquinld.

1. Hive you recently (last two years) been to Europe or RuuM? YES NO

If YES, pleue describe:

Locale vtztt_llreskled:
i i ll.i Hi mill I I

When were you there:
i i i i i i . ml. i nl ii i i llv

Any potont_ occupational contact wlffi radioactive mlmlrkd while you were mere:

i ,..|,n

2. Do you eat wild "big game" meat? (e.g., deer, elk, etc.) YES NO

If YES, pleue describe:

Type of Game Where Bagged How often do you eat it? How much do you eat?

ii ill

iH lllll

.l i .

3. Since your lilt whole body exam, have you been involved in any personal contamination or other rsdiologicl!
Incidents? YES NO

If YES, plelme describe:

Type of Incident Isotope(s) Involved (if known) Data(s) (may be approximate)

i i

4. If you wish to make any additional comments that you think might be helpful tn determining source of the
detected cesium-137, pliue note them here:

Please sign and date this form as indicated below. R/turn it to the technician who gave it to you or mail it to Internal
Dosimltr/st MSIN No. A3-60. If you have any questions, contact your dosimltry representative.

Your Signature Date

A-121o-oozloire1
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EXHXBIT3.7. Cesium-137Questionnaire (contd)

i i i i i i i i ill i ,

Intlmll Dolimetry Date

........... A.1=lo_ozq (oz:_
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4.0 RECORDINGAND REPORTINGINTERNALDO__$

" Reports of occupational dose equtvalest are requtred
as spectf|ed In the Itanford Stte Radtolem|cal _ntrol
Manual (RL 1992) and tn DOEOrders 5480.11 (1989) and

, 5484.1 (1981). The occupational dose etlmtva|ent ts
composedof the dose equivalent received from external
sources of radiation and |nternal]y dolPmstted tad|o-
nuclides. Thts chapter provtdos tnforsmtton on the
recording and reporting of the tnterMl dose com-
ponent, as performed by the IDP. Assessed |nternal
doses are provtded to the Hanford Radtologtcal Records
Project (HRRP). After comptl|ng the data, HRRPpre-
pares the occupational dose reports.

4.1 INTERNALDOSERECORDS

Evaluatfon Report The offtctal record of tnternal dose is the Internal
Dose Evaluation Report. Section 3.2.2 ('Documenta-
tion") describes the contents of this report, whtch 1s
tssued for each assessed Internal exposure. Completed
reports are maintained by HRRPtn the tad|at|on
exposure ftles.

i

4.2 INTERNALDOSEDATABASE

INTERTRAC-REX Dose |nformatton from Internal Dose Evaluation Reports
ts matntaJned by the HRRPtn the INTERTRAC(Internal
Dose Tracktng System) subset of the REXcomputer
database. INTERTRACcontains annual and committed
organ and effective dose equivalent tnfomatton from
the Internal Dose Evaluation Report for each assessed
Jntake. Thts Information ts used to generate dose
summaries for tracktn9 and reporting occupational
doses to Individuals. REXprovtdes on]ine access to
recorded tnternal doses for all active Hanford
workers. Each contractor has access to ftles for
thetr own employees.

* INTERTRAC-Paradox A backup of the INTERTRAC-REXdata ts separately
maintained by Internal Dos|metry us|ng the Paradox
database software. INTERTRAC-Paradoxpreceded the REX
system and was the database from which the INTERTRAC-
REXdata were ]oaded. At thts ttme, it serves only as
a backup to the REX system.
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4.2 INTERNALDOSEDATABASE(contd)

INTERTRAC-Paradox Additional lnfomatton on the INTERTRAC-Paradoxsystem
(contd) ts provtded tn "The Hanford internal Dose Accounl:_ng -

and Reporting System - INTERTRAC(Verston 1.0). "zmj

4.3 REPORTSOF INTERNALDOSE

Evaluation Summary Summaryletters of assessed tnternal dose are tssued
to contractor dostmetry representatives upon comple-
tton of the Internal Dose Evaluation Report, as
discussed tn Chapter 3.0. Contractor dostmetry
organizations should communicate the Information tn
the summaryletter to the affected worker.

Dose Sunmar_es Annual occupational dose reports (report cards),
reports of occupational dose for temtnattng
employees, and reports to the DOERadiation Exposure
Infomatton Reporting System (REIRS) are provtded by
HRRP. Spectal requests for internal dostmetry Infor-
mation may be made to the IOP.

Chronic Exposure Several groups of Hanford workers are considered to be
chronically exposed to radtonuclides durtng the course
of their work. Typically, these groups tnclude those
individuals worktng wtth trtttum or urantum of low or
depleted enrichment. Btoassay samples for these
workers are collected throughout the year. A ftna]
internal dose assessment ts |ssued after yearend for
those workers havtng routtne btoassay results that
suggest an annual internal effective dose that could
exceed 10 mrem, or for those workers havtng a baseltne
btoassay result that exceeded the dectston level and
that resulted in ]ntttatton of an evaluation (see the
exhibits in Section 3.0 for flowcharts detailing con-
dtttons requiring Initiation of an evaluation).
Throughout the year, the routtne btoassay measurements
are revtewed and the contractor is advtsed if there ts
an Indication that the committed effective dose
equivalent from chrontc exposures could exceed
100 mrem.

(a) Sula, H. J., K. K. Johnson, and R. A. Hay II. 1989. "The Hanford
Internal Dose Accounting and Reporting System - INTERTRAC(Version 1.0)."
Internal Report dated February 1989. Copy tn the Hanford Radiation
Protection Historical Files, Pactftc Northwest Laboratory, Richland,
Washington.
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4.4 REOUESTSFOR]NTERNALDOSIMETRYRECORDS

Occupational radiation exposurerecords are controlled
- according to the requtremnts and provisions of the

Privacy Act (1979) andANSIN13.6-1966 (ANSI 1966),
Practice for Occupational Radiation ExposureRecords

. Systems. Accessto the records is provided through
HRRP.as follows:

• Current employeesmaycontact thetr company's
radiation protection representative, whowtll
arrange to obtain the requestedrecords.

• Individuals mayrequest their records either in
person or by mail. Verbal requests are not
accepted.

• Employersrequesting records of current or
former Hanford workers should contact HRRP.

• Requestsby the U.S. TransurantumRegistry
should be madeby contacting HRRP.

• If noneof the aboveapply or are practical,
contacttheDOE PrivacyAct Officer,who will
preparethe properpaperworkand submitthe
requestto HRRP.

In the abovecases,the followingitemsare required
beforerecordsare released:

• An individualappearingin personmust providea
driver'slicenseor otherphotographicidentifi-
cationand signa releaseformthatwill be
providedby RadiologicalRecords. This signed
releaseis enteredintothe individual'sREX
record.

• An individualrequestingrecordsby mailmust
providein a notarizedwrittenrequesthis/her
name,socialsecuritynumberand/orpayroll
number,and signature.Thiswrittenrequest
must define exactly which records are neededand
the address to which they should be sent.
Verbal requests are not honored.

• Employer andU.S. TransuraniumRegistry requests
must be accompaniedby a signed radiation
exposure release-of-information form.

. . rl,rl m F
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5.0 BIOASSAYMONITORING

" This chapter discusses whoshouldbe t_cluded tn a
routtne btoassay monitoring program,wlkatmeasurements
shouldbe performed, and at what freqM_mcy.

4b

5.1 CONDITIONSFORHONITORINGWORKERS

The H_,nfQrdStte Radtoloatcal Control Manual, or HSRCH
(RL 1992), requtres workers to participate in a
btoassay programtf they are 11kely to recetve tntakes
tn a year resulting tn a committedeffective dose
equivalent (CEDE)of 100 mremor more. The HSRCH
further specifies particular criterion for par-
tictpatton in periodic, baseline, teminatton (or end
of assignment), andspectal btoassaymonitoring.
Elaboration on the technical basts of someof these
criterta ts provtded tn the following subsections.

Periodic B/oassay Article 521 of the HSRCHrequires workers to par-
ttcipate in pertodtc btoassay monitoring under the
followingconditions:

• Workerusesrespiratoryprotectiondevicefor
radiologicalprotection

• Work in a HighContaminationArea involves
contactwith or disturbanceof contamination

• Workwith unencapsulatedradioactivematerial
exceedingthe valueslistedin TableS.I. If
suchwork is limitedto observing,supervising
froma distance,or enteringthe roomwithout
contactingthe material,thenbioassayis not
requiredunlessworkplacemonitoringindicates
that a lossof materialcontroloccurred.

• Workwithcontaminatedsoilat or exceedingthe
valueslistedin Table5.2

• Exposureto low-levelairborneactivitybelow
postingrequirementsuchthatthe totalexposure
for a yearwouldexceed40 DAC-hours.
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I_J.F_. Amountof Radioactive Matertal Requiring Btoassay Monitoring(a)

Acttvtty Requiring Btoassay (#Ct)

Typea_f( ' ' 'Mater.t b) BenchTop FumeH.ood Glovebox
Pu, Am-241, Pumtxtures 0.1 1.0 10 "
wlthAm

Urantum, very soluble, 300 mg 3E3 mg 3E4 mcj
class D

Uranium, n_derate to 1. 10 100
Insoluble, class Wor Y

Mtxed ft sston/acttvatton 4E2 4E3 4E4
products

Strontium-90. |nsoluble. 80 800 8000
class Y

Radtotodines, half-life > 8E3 8E4 8E5
1 day < 1 year

1-129 2E3 2E4 2E5

Tritium (HTOand HT) 1E4 1E5 1E6
i nucleott de precursors)

(a) Involves actually worktng wtth or contact wtth the material. Not
intended to tnclude occasional observation, unrelated work tn the
sameroom, or other activities involving muchless rtsk of
contam1nat ton.

(b) For other types of radioactive material, other containments, or
unique situations, consult with companyinternal dostmetry
organization for guidance.
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_J,E__._. Criteria for Btoassav Honitortng for Work Involving Exposure
to Contaminated Soil _a)

Soil ContaminAtion (pCi/g) (c)
ii i inl

NuclldetForm (b) Acute(d) Chronic (e)
b

Uranium - Total (r)
class D or W 40,000 1,000
class Y 3,000 70

Pu-a class W 400 20

Th-232 class W 60 2

Th-228 class W 600 20

St-90 class D 1E+06 4E+04

Cs-137 class D 2E+07 4E+05

Co-60 class Y 2E+06 5E+04

Tritium in 5,000 pC|/L 1 000 pCt/L
groundwater(g) . i i1| ii i,i ii i

(a) Criteria are established for two potential scenarios. "Acute" implies
normally not exposed to contamination but potential exists for a
single, heavy exposure. "Chronic" implies frequent exposure to less
dusty conditions. Bioassay would be required if either scenario
applied to a worker.

(b) For other nucltdes or chemical forms, consult with company internal
dostmetry organization for guidance.

(c) Units apply to uniform concentrations representative of the soil being
disturbed, not to small spotty contamination.

(d) Assumesa 360-mg inhalation intake of dust in a single exposure.
(e) Assumesa 48-mcj/day inhalation intake rate for 250 working days/year.
(f) U-natural, U-234, U-235, or U-238 in any combination. Based on

recycled uranium commonat Hanford. Samenumbers apply for uranium in
units of ppmor pg/g soil.

(g) Assumesconsumption of one cup (acute) or one cup per day of
groundwater at indicated contamination.
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5.1 CONDITIONSFORMONITORINGWORKERS(contd)

Periodic Btoassay The HSRCMpermits end-of-assIgment monitoring In lieu
(contd) of periodic monitoring if the work period Is shorter "

than the pertodIc Interval.

Additional consideration for periodic btoassay
programs should be given to the follovtng:

• Knowledge of or prtor experience with the work
performed or the facility Involved.

• Workers who are subjected to a wide range of
potential Internal exposure conditions.

Baseline and The HSRCM(Arttcle 522) also Identifies the
Temination Bioas_.ay following particular circumstances under which

baseline and termination btoassay mnitortng ts
required:

• Baseltne monitoring ts required tf a worker had
previous exposure to radtonucl|des relevant to
future work at Hanford or if the exposure
history is missing or Inconclusive.

• Basel tne monitoring is requtred |f a worker ts
going to work with radioactive matertal that ts
frequently detectable from nonoccupattonal
sources, regardless of prtor exposure.

• Temination or end of assignment btoassay moni-
toring is required for any worker who partici-
pated in or qualified for participation in
bioassay monitoring, unless it is documented in
the worker's radiation exposure ftle that the
worker was not potentially exposed to unencap-
sulated material tn the workplace.

Special Bioassay Special bioassay is required (by HSRCMArticle 522)
under any of the following conditions, unless the
intake was caused by radon daughters (also see q

Table 7.1):

• Facial contamination Indicates a potential for
intake.

• Nasal contamination.

• Air monitoring indicates the potential for
Intakes resulting tn a CEDEexceeding 100 mrem.
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5.1 CONDITIQNSFORHONITORINGWORKERS(contd)

Specfal Bfoassay (contd) • An unplanned tntake ts suspected for any other
" reason.

• Results for pertod|c or end-of-assignment work
o indicate an unexpected intake resu]ttng tn a

CEDEof 100 mrem or more.

Spectal btoassay is also requtred by HSRCMArttcle 541
]f sktn contamination can result in an tntake. The
levels of sktn contamination requiring spectal
btoassay are 11sted tn Table 7.1.

DOE5480.11 Participation tn an tnternal dose evaluation and
routtne btoassay monitoring programs is also required
by Section 9.g.(Z) of DOE5480.11 (1989), which
requires that programs be adequate to demonstrate
compliance with the dose equivalent limits. The
crtterta of DOE5480.11 for part]ctpatton In a
btoassay program have been superseded by the more
spectftc and more conservative requirements of the
HSRCM.

The DOE5480.11 requirement to demonstrate tnternal
dose compliance wtth the dose equivalent limits ts
interpreted to mean that the dostmetry program must be
capable of Identifying and assess|rig CEDEsof
5000 mrem. Because total effective dose equivalent
(TEDE) tncludes external dose as well as the CEDE, the
destgn goal for dose assessment at Hanford ts to be
able to tdenttfy and conftrm an tntake resulting tn
100 mrem CEDE. For somecircumstances (e.g., class Y
forms of plutonium and uranium) this goal can only be
achieved through spectal (nonroutine) btoassay mont-
toting, promptly initiated by workplace Indicators.

General The [DP recommendsplacing workers on a routtne
Recomendat_on btoassay monitoring program tf the 50-year CEDEfrom a
Based on stngle intake or multtple tntakes tn a stngle calendar
Conm_ttedDose year may exceed 100 mrem for all radtonucltdes.

° For btoassay program planntng purposes, a lO0-mrem
committed effective dose equivalent may be considered
to correspond to chrontc exposure for 1 year to 2% of

. a DAC, an acute or chronic tntake equal to 2_ of an
ALI, and a time-integrated exposure to airborne con-
tamtnatton of 40 DAC-hours. Technical]y, thts ts not
comp]etely accurate, because tf the DACor ALI ts
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5.1 CONDITIONSFORHONITORINGWORKERS(contd)

Genera7 based on the nonstochastic 11mtt for a particular
gecormendat_on organ or ttssue, the corresponding committed effective
Based on dose equ|valent w111 be less than 100 mrem. Because
ComfttedDose (contd) of thts conservatism, the use of established DACand

ALI values ts an acceptable practical approach.

The DAC, ALI, and OAt-hour concepts and the nature of
the work and the exposures may be used to detemtne
who should be included tn a btoassay monitoring pro-
gram. The following subsections provtde guidance for
thetr application for btoassay monitoring.

5.1.1 Derived Atr Concentration

Long-Tem A worker should be placed on a routine btoassay
Chronfc Exposures program tf chronic exposure to airborne radtoact|vtty

could exceed an average of 2_of the DAC. For expo-
sures to multtple nuclides, the contribution from each
significant nucltde should be considered. The DACs
referred to in thts manual are those contained tn
Attachment 1 to DOE5480.11 (1989). The DACs for
selected Hanford radionucltde mixtures are given tn
Table 5.3.

Short-Term 'Workers exposed to short-term chronic exposures should
Chronfc Exposures participate tn a routine bioassay monitoring program

for each radtonucltde to which he/she ts exposed when
the average atr concentration exceeds that determined
by the following formula:

Air Concentration Implying Btoassay Honttortng = 0.02 ,DAC (5.1). f.

where DACts the derived atr concentration ltsted in
DOE5480.11 (1989), and f. ts the occupancy factor
detemtned by

4

fw = numberof hours per year tn airborne area (5.2)
2000 working hours per year

J
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_. Oertved Air Concentrations and Annual Limits on Intake
for Comon Radionuclide Mixtures

Radtonucltde
Mixture I') Class DAC(pCJ/ml) ALl (pCJ)i _ i i iii i IN IN II II _ I I

° Urantum (natural, depleted D-chrontc ,.E7§(=,NA'°' 75 _((::and recycled) D - acute 14

Uranium (natural and W 2.E-10 7.E-1
depleted) Y 2.E-11 5.E-2

Urantum (recycled) W 2.E-10 6.E-1
Y Z.E-11 4.E-2

Plutonium (6_ mixture) (e) N 2.E-12 5.E-3
Y 5.E-12 1.E-2

Plutonium (12_; mJxture) (e) W 2.E-12 5.E-3
Y 4.E-12 1.E-2

i i i im

(a) Isotoptc ratios are gtven by Sula, Carbaugh, and BJhl (1989).
(b) The class O chrontc Inhalation and acute inhalation values ape based

on the chemtcal toxtctty discussion by Sula, Carbaugh, and SJhl
(1989).

(c) Units are mg/mL.
(d) Not applicable.
(e) Expressed as total alpha activity.

5.1.2 _llual Ltmtt on Intake

The ALI is a useful concept for bJoassay planntng
purposes when acute intakes are considered or exposure
may be limited to readtly identified quantities or
sources. A routine bioassay program should be con-
sJdered tf an acute or chronic tntake of activity
corresponding to 2_ of the ALI mtght be possible.
Although ALIs are not ]tsted tn DOE5480.11 (1989) or
its attachments, they can be derived by multiplying
the DOE5480.11 DAC(units of pCt/ml) by 2.4E+9
(gtvtng the ALI in untts of mtcrocurtes). The ALIs
for se]ected Hanford radtonuclJde mixtures are given

• Jn Table 5.3.

_: Specific reference is made to DOE5480.11 DACs
as the basis for' ALI calculation. It should not

" be assumed that ALI s calculated based on DOE
5480.11 (1989) are identical to the ALIs con-
tained in [CRP 30 (1979).
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5.1.2 Annual Ltmtt on Intake (contd)

Even if not chronically exposed to airborne radio-
activity, certain workers rtsk incurring an tntake °
because of an unplanned breakdownof a protection
barrier. Potential conditions may be identified by
the amount of material handled in a process, the ,
physical form of the material, and the type of con-
tatnment, or by the determination that the workers
frequently need respiratory protection.

One approach to the consideration of source magnitude
and containment is to use potential intake factors
related to material form and containment. The poten-
tial tntake factors tn Table 5.4 should be considered
for general guidance only. Actual facility experience
should be used when possible.

For example, a worker should be included in a routtne
bioassay monitoring program if the activity of an
unencapsulated radtonuclide that is frequently
handled, processed, or worked with in any way equals
or exceeds the actJvtty calculated by the following
formula:

Activity of Material
Implying Btoassay - 0.02 *ALI (5.3)
Monitoring potential intake fraction

where ALI is the annual limit on intake. Potential
intake fractions are ltsted in Table 5.4 as a function
of the type of containment and phystcal form. The
information in Table 5.4 should be considered for
general guidance only. Actual facility experience
should be used when possible. This approach was used
to derive the amountof radioactive material shown in
Table 5.1 as requiring btoassay monitoring.

If a worker is exposed to more than one radtonucltde,
the result of Equation (5.3) should be weighted, based
on the number of significant nuclides.
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s.i.s

For spectfic Job assignments, |tts useful to consider
" the concept of OAC-hours tn planntng bioassay require-

mints. A worker potentially exposed to an
accumulation of 40 OAC-hours tn a year for tll

. radtonucltdes should participate tn a routine bioassay
program.

_.F,_,__4. Potential Intake Fractions (`) as a Function
of Containment Type and Phystcal Fore

Containment
i ii ilell I i I i

Open-Faced
Form Glovebox Hood Open Area.

ib) ............................TrttJum 1.6E-4 1.6E-3 1.6E-2

Powders 1E-5 1E-4 1E-3

Volattle ltquids, elevated 1E-6 1E-5 1E-4
temperatures, iodines

Nomal ltqutds 1E-7 1E-6 IE-5

Grinding, sawing, polishing, 1E-8 1E-7 1E-6
etc. _ .On soltds ................

(a) Extrapolated from data and discussion tn Hatson and Fisher (1987;
pp. 15-19) and from Brodsky (1980). The purpose of these
potential tntake fractions ts to determine the need for partici-
pation In a btoassay program. The fractions should not be used to
estimate actual expected releases under average conditions.

(b) Data from U.S. Nuclear Regulatory CommissionRegulatory Guide 8.32
(; 988).

5.1.4 Worker GrOUDHonttortnq

Worker group monitoring can be a suttable alternative
to Individual worker monitoring for working situations
wtth very low potential for intakes or where doses

• from any intakes would be quite small. The approach
ts to monitor only a representative portion of the
workers on a rotating basis. Wtth thts program design
ttts assumedthat all workers have the same rtsk for

• exposure tn any period, and that a btoassay result for
one worker can be taken as characteristic for the
entire group.

Worker group monitoring can be used tn one of two
ways. First, it can be used as an expedient method
for verifying that workers do not require being on an
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lndtvtdua]-spectftc btoassay program. Secondly, tt
can be used to provtde data for low-]eve] chrontc
exposure situations where a combtned set of btoassay
data from many workers ts used to asstgn doses to -
Individual workers.

Consistent wtth recomndattons of the NCRP(1987),
the following gutdance ts offered for establishing the °
magnitude of a worker group btoassay monitoring
program:

Worker Population NumberMonitored

>120 10%
1Z to 120 12%

<12 All

If a screentng level appl ted to a worker group t s
exceeded and an tntake ts confirmed, then all members
of the group should be placed on Individual btoassay
programs, unless an Investigation shows that Just the
one worker was exposed due to unusual circumstances.

5.1.5 Envtronmefltal Restoration and Remedtatton Activities

Spectal criterta have been developed for application
to environmental restoration and remedtatton (ER) work
at Hanford. Thts work may tnvolve short-term sotl
sampltng activities, excavation of dtrt, transport of
contaminated sotl, or sample well or monitoring bore-
hole drtlltng operations. The sotl tnvolved may range
from essentially uncontaminated overburden at burtal
grounds to sotl contaminated wtth a wide range and
magnitude of radtonucltdes at liquid effluent dtsposal
sttes such as crtbs or ponds.

Crtterta for two types of exposure conditions were
addressed: the stngle Job Involving acute exposure to
very htgh dust loadtngs tn atr near the worker
tolerance level for dust, and the long-term job
Involving chrontc exposure to moderately htgh dust
loadtngs. The acute exposure assumed a 350-mg Inhala-
tion tntake (e.g., 2 hours of exposure to 150 mg/m°
dust loadtng) of 1-pm-AHADdust. The chronic exposure
assumedan Inhalation tntake rate of 48 mj/day of
1-_m-AHAOdust for 250 working days/year (e.g.,
2 h/day exposure to a 20-mg/m_ dust loadtng.
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5.1.5 EnvtronMpta] Restoration and Remed|att0p Act|vlt|es (contd)

Sotl contm|natton crtterla are shown tn Table 5.2.
" ' As long as the geometric meansotl concentrations do

no exceed those 11sted, worker btoassay measurements
are not required. Use of the arithmetic mean sot]

, concentration (as a convenient substitute for the
geometric mean) |s acceptable, and w|11 result |n
conservative detemtnattons of the need for btoassay.
The sotl concentrat|on values shownare for the most
restrictive Inhalation class cons|dered 11kely to be
encountered.

In addition, based on the htghest measured trtttum
contamination levels tn Hanford groundwater, there ts
no need for workers to be on a trtt|um btoassaypro-
gram. Trtttum btoassay for ER work need not be con-
stdered unless concentrations tn water exceed
1000 _Ct/L.

Exposure to multtple radtonuc]tdes must address the
addtttve tmpact of a11 nuclides. The need for
btoassay can then be established by calculating an
"tndex for btoassay" value as the sum of the rattos of
each nuc]tde to tts respective criterion value, as
shownbelow:

conc. 1 conc. 2
[ndex for Btoassay - .... + ...... +etc.

criteria1 criteria2

If the tndex value exceeds one, then a btoassay pro-
gram should be established. The tssue of what type of
btoassay to perform rematns. Where sources constst of
a stngle contaminant, the chotce ts generally obvtous.
[f multtple contaminants are Involved, the predominant
nucltde may be the best chotce. However, some
btoassay procedures are substantially more sensitive
than others, and tf one nucltde can be used as an
Indicator for another (because of knownsource Inter-
relationships), then a more sensitive btoassay pro-
cedure for a ]ess predominant radtonucltde may be
adequate. [DP staff can be consulted for advtce on
spectftc situations.
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• 5.1.5 Environmental Restoration and Remedtatton Activities (contd)

Further details on.these crtterta are provtded in the
supporting report. _ -

5.1.6 Lopa-TermFollgw-UD of a Prior DeDostttQn

A worker who has been assessed as having a long-term
internal deposition of radioactivity may be recom-
mendedby internal Oostmetry for a spectal|zed follow-
up btoassay monitoring program to verify the accuracy
of the assessment and tdentlfy any potential need for
revision.

This provision results from the need to update long-
term body burdens and associated doses from well-
retained radtonucltdes, and tt applies regardless of
present work assignment or origin of the occupational
exposure.

Setter understanding o¢ the btoktnettc behavtor of
retained mater|al and improved estimates of dose can
be obtatned from long-term follow-up btoassay measure-
ments. For example, a small, very long-term component
of matertal in the lung may be masked for several
years by short-term components unttl the short-term
:omponents are removed. However, the long-term
componentmay add significantly to dose in outyears
and the 50-year committed dose.

Long-term follow-up monitoring is most likely to be
associated wtth depositions of plutonium and
americium, although other nuclldes may also warrant
it.

(a) Letter report to T. J. Kelly (WHC) from Eugene H. Carbaugh (PNL) dated
December3, 1991, "Btoassay Criteria for Environmental Restoration
Workers." Copy maintained in the permanent files of the Hanford
Radtologtcal Records ProJect.
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5.1.7 Basel lne and End-of-Asstanment Bioassav

• Baseline and end-of-assignment samples or measurements
should be obtained for a worker whose work assignments
wtl] requtre or have required routine btoassay moni-
toring (HSRCH1992; NCRP1987; ANSX1978). Such

, samples should provide a better estimate of the time
and nature of an intake, prevent the improper assign-
ment of a prior intake to the present task, and pro-
vide accurate feedback on the effectiveness of radia-
tion protection measures for specific work
assignments.

Baseline and end-of-assignment measurementsmay be a
suitable alternative to the routtne btoassay moni-
toring associated with work assignments of ltmtted
duration. Consult with Xnternal Dostmotry to deter-
mtne whether this option is appropriate.

Ending work measurements may be performed tn lieu of
and at the scheduled time of routine measurements.
This does not apply to visitors and terminating
employees who should have specially scheduled
measurements.

5.1.80ffslte Exoo_ure

Btoassay programs designed for monitoring internal
exposures to materials and situations at Hanford may
not necessarily be adequate for monitoring internal
exposures to m_terials or facilities that may occur
offstte. Internal Dostmetry should be contacted to
determine the appropriate btoassay tf offstte tnternal
exposure ts a possibility.

5.1.9 Vtsttors

The HSRCHdoes not requtre visitor bioassay. Spectal
btoassays will be performed tf conditions encountered
while at Hanford require the_. If baseltne measure-
ments are performed at the beginning or end of visit,
any abnormal results wtll be reported to the respons-
ible Hanford contractor. Internal doses for detect-
able baseline results wtll be assessed only if a
specific request is made by the contractor.

J
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5.1.10 Preanant Womenand Htnors

The HSRCHdose ltmits for declared pregnant womenand
minors are substantially more restrictive than those o
for occupational workers. Special bioassay appro-
priate to work conditions should be obtained at the
time of declaration of pregnancy. If exposure con- J

ttnues, spectal bioassay should also be obtatnad as
soon as possible after birth or termination of
pregnancy.

Routine btoassay monitoring programs may not have the
sensitivity required to verify compliance with the
more restrictive standards. Internal Dostmetry should
be consulted on a specific case basis as the need
arises.

5.2 $[LECTIONOF NUCLIDESFORBIOASSAY

Any radionucltde or mixture of radionuclides that may
contribute more than 25_ to the lO0-mrem CEDE
criterion should be included in the btoassay
monitoring program. Radionucltdes do not require
specific bioassay monitoring if they are adequately
monitored by indicator nuclides for a reference
mixture.

In somecases it is possible to use indicator radtonu-
clides for established mixtures to optimize the number
of bioassay measurements perfor_npo_. For _ample, mix-
Lures containing equal parts of '"'Cs and °"St may be
sufficiently monitored by using whole body measure-
ments of 13rCsas an indicator of exposure.

Once a worker is placed on a routine program, that
program should be reviewed on a regular basis to
assure that potentially significant nuclides are
adequately addressed.

As a rule of thumb, it may be considered that workers
are not likely to be exposed to more than four
reference mixtures of radtonuclides.

A "broad-base" bioassay program involving multiple
analyses may be appropriate for workers who rotate
between facilities on occasional or short-notice
assignments. Such a program is intended to satisfy
current baseline requirements for many facilities,
rather than imply that a worker is likely to incur
intakes individually or collectively totaling lO0-mrem
CEDE.
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5.3 B|OASSAYHEASUREHENTFREOUENCY

. The frequency of bioassay measurements is dictated by
two objectives. The first is to monitor the accumula-
Lion of radioactivematerlal in the body from low-
level chronic intakes. The second is to assure that

" significant acute depositions are detected so that
appropriate corrections can be instituted in the
working conditions (NCRP1987).

In general, significant acute intakes are discovered
by workplace monitoring (e.g., air monitoring, and
clothing and body surveys) and are investigated
according to the protocol discussed in Chapter 7.0.
Nevertheless, a properly chosen btoassay frequency is
important both to account for undetected, acute
intakes and to monitor the effectiveness of workplace
monitoring.

The choice of frequency depends on the following:

• purpose of the measurement, i.e., to monitor for
accumulation from chronic intakes, potential
acute intakes undetected by first-line moni-
toring methods, or acute intakes that occur
simultaneously with a chronic background

• the need to meet the lO0-mrem CEDEobjective
given in Section 2.3

• HDAs for various radionuclides and bioassay
measurements

• likelihood and ratios of combinations of radio-
nuclides associated with an intake for a
particular facilityor task

• cost of bioassay measurements and the cost of
lost productive time while workers are
participating in the btoassay program.

Longest Interval Generally, annual measurements are suggested as a
Between Bfoassays convenient minimum frequency to match annual reporting

requirements for worker doses. Routine bioassay
measurement periods longer than five effective half-

• lives are also generally not recommended,because the
potential deviation of individuals from assumedreten-
Lion or excretion patterns can substantially affect
doses associated with the program design.
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5.3 BIOASSAYMEASUREMENTFREOUENCY(contd)

Longest Interval _[3_rrsSituati°ns involving mixtures of nucl ides (e.g.,Between Bfoassays and 9°Sr) an annual Individual btoassay "
(contd) measurement (e.g., whole body count) may be used in

combination with a less freqg.ent radionuclide-speciftc
measurement (e.g., bienntal °vSr urine sample
analysis).

5.3.1 MinimumDetectable Dose for Bioassay Intervals

Selected minimum detectable doses associated wtth
various nucl|des, b|oassay techniques, and Intervals
are shown in Exhibits 5.1 through 5.5. For acute
tntakes, the analyses assume that an intake occurs on
the day following a bioassay measurementand the
bioassay measurement has fallen below the MDAby the
next scheduled measurement. For chrontc Intakes, a
uniform daily Intake pattern is assumedto exist for
the monitoring interval. Dosimetry methods and
factors are those described in the Technical Bad;is for
Internal Dosimetry at Hanford (Sula, Carbaugh, and
Bihl 1991).

5.3.2 RecommendedBioas£av Measurelnenl;_awldIntervals

A summaryof recommendedcombinations of measurements
for various nuc]ides and situations is given in
Table 5.5 for single nuclides and i'or some typical
Hanford radionuclide combinations. These programs are
recommendedprimari]y based on the abi]ity of routine
measurements to meet first-year effective dose
equivalents of 10 mrem. This criterion constitutes
the basis for routine screening levels (see Appendix
A) to initiate the dose evaluation process. If' the
criterion cannot be met, then any positive result must
be investigated.

Internal Dosimetry can design optimum programs based
on characterized sources and potential intake
patterns.

4
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_U_.[__._. Example Bioassay Programs for SomeTyptcal
Radtonucl ide Combinations

6

Case Description Progra mDescript!on

Reactor corrosion produc_s. Annual whole body counts. If B°Co
" These typically include _Co, is detected, germaniumcounting is done to

58C0, 54_1n,59Fe, and Z34Cs, but quantify the other corrosion products.
S°Copredominates in activity
and dose impact.

Aged fission products. Z37Cs Annual whole body counts. If Z37Csis
and °"St predominate. A 1:1 above the screening level, 9°St urine
ratio is assumed if the site- samples are considered. Biennial S°Sr
specific ratio is not known, samples are also recommendedto check for

an unexpected 9°Sr source.

ZS4Euand ZSSEuat N-Reactor Annual whole body counts.

z3z[ Monthlywhole body count or bimonthly
thyroidcount.

z29I, zzsI Annual thyroid counts.

9°Sr Annual urine sample.

Tritium Monthly urine samplesfor potentialchronic
or multipleacute exposures. If data
indicatepotentialannualdose in excess of
I00 mrem, change to biweeklyfrequency.

Readily transportable uranium. Biweekly or monthly urine samples obtained
Considered a chemical toxicity after Z-day absence from the workplace.
risk only. Both chronic and Quarterly monitoring based on acute
potential acute intakes are exposure for low-risk infrequent entry
considered, workers.

Depleted-to-slightly-enriched No program at present is adequate to detect
, uranium metal and various 100 mrem. A combination of frequent (e.g.,

oxides resulting in a mixture quarterly) urine samples and less frequent
of class D and class Y mate- (annualor semi-annual)chest counts is
rial. Chemicaland radiolog- used. Urinalysisresultsabove the

• ical risks and chronicand screeninglevel triggerspecialchest
potentialacute intakesare counts.
considered.
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Case Description Program Description

_s_tonjpjn mJ_^ures _?ptaJntng No program at present ts adequate to detect
u, _°Pu. ='vPu, _'*Pu, and lO0-mrem CEDE. Annual plutonium urine

possibly _ZAmtn vartous samples and annual chest counts are used.
amounts. Appltes to etther _est counts quanttfy lung burden wheninhalation class W or Y. Am ts detectable.

5.3.3 Uranlum Btoassav

Monitoring for urantum poses spectal problems for the
following reasons:

• Urantum presents both chem]cal and radtologtcal
toxictty risks, the relat|ve Importance of whtch
depends on ]ts transportability from the lung.

• Uranium usually extsts tn mtxed transportabtl|ty
classes.

• Small recent tntakes eastly mask larger older
tntakes because nearly 50% of the uranium gotng
to blood is cleared Immediately through the
urine.

• An intake of _lass Y material potentially
resulting in a CEDEof 100 mrem or a first-year
dose of 10 mremgenerally cannot be detected by
normal routine bioassay monitoring practices.
Monitoring of the workplace to document the
worktng environment and to provtde Immediate
indication of an intake is essential.

• Low-level chrontc tntakes are common,so the
btoassay program must monitor for long-term
buildup as well as for potentially significant
acute intakes.

• [ndividual and temporal variability in the
environmental background of uranium complicates 4

interpretation of urinalysis results.

Consequently, the proper btoassay monitoring program
' for uranium workers is best determined on a •

case-by-case basts in consultation with Internal
Dosimetry.
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5.3.4 Plutonium- Class Y

. An intake of class Y (or worse, JZ_:.' less trans-portable) plutonium with a Z3gPu: r.. ratio greater
than about 1:1 cannot practically be detected at a
potential committed effective dose equivalent of

• 100 mremby pertodic btoassay monitoring. Prompt
detection of an Intake at the workplace ts essential.

5.3.5 SDecial Forms of Nq_;llde_

PCeCtalforms of radtonucltdes (e.g., tritium or
-labeled materials) can behave much differently

than the normal compoundsfor whtch routine btoassay
programs are designed. Case-specific btoassay
monitoring programs for situations such as these
should be established through consultation with
Internal Dostmetry.
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Exhtb4t 5.1

B|oassay Capability for Trtt|um
8

Urtne Btoassav Analysts

Trtttum (H3) HDA: 20 dpm/mL

The trtttum monitoring program ts based on 11qu|d scintillation analys|s for
trtttum oxtde tn urtne. Because only 1 mL ts analyzed, virtually any volume
of sample can be used. For convenience stngle vo|d or simulated 12-hour
samples are generally collected and a small a11quot analyzed. Program
capability ts shownbelow.

Htn4mumDetectable Effective Dose Equivalent (CEDE) for
Acute and Chrontc Exposures to Trtttum Oxtde

Days Post- Acute Exposure, Chrontc Exposure(a)
Intake mrem (365 d/y), mrem

1 0.027 0.64

2 0.029 0.64

7 0.041 0.64

14 0.066 0.64

30 0.20 0.64 !

60 1.6 0.64

90 13 0.64

180 6,500 O.64

365 2.4E+9 0.64
i i iii ii i i i i ii i i iii

(a) Assumed constant equilibrium in body water at 20 dpm/mL.
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Exhlblt 5.2

In V1VOBtoassav Capability for Htoh-Enerov G_mlTti.Emitters

Who]_ Body Counttnq

Btoassay measurements for high-energy gamma-emitting radtonucltdes are
performed using the IVRRF preview counter, or other systems of comparable or
better sensitivity (e.g., coaxial germanium whole body counter, remote whole
body counter). The minimum detectab]e doses for single nuclides or selected
mixtures of mixed fission or activation products based on single nuclide
measurement are shown below for the forms commonlyencountered at Hanford.

i

MinimumDetectableEffectiveDose Equivalents(mrem)for
Single Acute IntakeBased on MDA Detectionin

PreviewCounterat the IndicatedDay Post-Intake(DPI)

Measurement First-
Nuclide Class MDA(a)(nCi) DPI(b) Iqterv_l Year CEDE

6°Co Y 5.7 365 Annual 4.9 13

137Cs D 3.2 365 Annual 1.5 1.6
730 Biennial(c) 15 17

137-- -

Ir_ + D _. 2 (of 365 Annual 3 3 1490S d) 1 "Cs) 730 Biennial (c) 35 150

54Mn W 4.4 365 Annual 26 26

SSFe W 7.5 180 Semiannual 8.9 8.9
365 Annual 190 190

154Eu+ W _ (of 365 Annual 11 44
155Eu(e) Y '°*Eu) 365 Annual 14 51

131I D 3.6 30 Monthly 9.5 9.5

(a) MDA = minimumdetectableactivity.

b) DPI = day post-intake.c) Not recommended.

Id) 9°_E'is 1.15at intake
Assumesthat the activityratio for Z37Cs • .

e) Assumes that tee activityratio for 154Eu:ZSu is 3. :1 at times
of intake,based on 8 years of decay followingoperating
N-Reactorequilibriumconditionof 2:1.
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Exhibit 5.2 (contd)

Thyroid Counttna for Radtotodtne

Thyroid counting lZSI and lzgI tS the recommendedapp,r,oach over urine sample
analysis for those nuclides. Thyroid counting for '_'I is significantly mope
sensitive than whole body counting for that nuclide. Thyroid counts are L
performed with a planar germanium detectors. The program capability for
thyroid counting is shown below:

MinimumDetectable Effective Dose Equivalents (mrem)
for Single Acute Class D Intake Based on
MDADetection in Thyroid Counter at the

Indicated Day Post-Intake (DPI)

Day Post- Measurement First-
Nuclide MDA (nCi) Intake Interval Year CEDE

lzsI 0.01 30 Monthly 0.002 0.002
90 Quarterly <0.006 <0.006

180 SemianDqal O.028 O.028
365 Annualtai 0.72 0.72

lzgI O.O1 30 Monthly O.009 O.010
90 Quarterly 0.013 0.014
180 Semianrjqal 0.022 0.024
365 Annual laj 0.067 0.071

131i O.02 30 Monthly O.053 O.053
60 Bimonthly 0.83 0.83
90 Quarterly 11 11

(a) Recommendedfrequencysupplementedby workplacescreening
using portablesurveymeter with NaI detector.
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Exhibit 5.3

Btoassav CaDabtlttv for_ Strontium

Str0n_lum-gO Btoassav Monttortna
J

Urtne sample analysts ts the preferred method for 9°Sr btoassay monitoring.
For ]ow-rtsk potential exposure situations, it may be convenient to use an
ann_al whole body exam to monitor for Cs as an indicator for the presence
of "VSr. Program capabilities are shown below:

MinimumDetectable Effective Dose Equivalents (torero)
for Single Acute Class D Intake Based on

MDADetection (10 dpm/d) in Urine at
the Indicated Day Post-Intake

Day Post- Measurement
Intake Interval First-Year CEDE

I Special O.003 O.020
2 Special 0.004 0.026
7 Special 0.010 0.065
30 Monthly 0.27 1.8
90 Quarterly 1.1 7.5
180 Semian_qal 1.9 13
365 Annual_al 3.8 26
730 Biennial 9.0 62

(a) Recommendedfrequency.

MinimumDetectableEffectiveDose Equivalents(mrem),,for
Sing_ Acute Class D Intakeof Equal Acti,v,ities of "_'Cs
and "vSr Based on MDA Detection(3.2 nCi:'_'Cs)by Whole
Body Countingat the IndicatedDay Post-Intake(DPI)

Day Post-lntake MeasurementInt_r_l Fir@t-y_ar CEDE

1 Special 0.30 1.3
2 Special 0.32 I.4
7 Special 0.35 1.5
30 Monthly 0.40 1.7
go Quarterly 0.60 2.3
180 Semianoqal 1.0 4.4
365 Annual_aj 3.3 14
730 Biennial 35 150

(a) Recommendedfrequency.
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Exhlblt 5.4

B10assavProaramfor Uranlum
i.

Urtne Btoassav Analyses
It

Elementa_.Uranium (U) MDA: 0.06/_g

Usedfor natural, depleted, or recycled uranium mixtures, tn any
chemical form. Simulated 24-hour samplecollected. A screening level
of 0.2 /Jg/d ts used as an upper range of the normalexpected excretion,
tmplying an occupattonal]y attrtbutab]e excretion of 0.14 IJg/d mayextst
above the geometric meanenvironmenta] level of 0.06/_g/d, estab]tshed
for the Hanford work force. Minimumdetectable dose analyses for
natural uranium mtxtures and various tntake scenarios are shownin
Tab]es IV.1 through IV. 4.

Isotoptc Uranium (IU) HDA: 0.02 dpm

Usedfor stng]e isg,t_opesof uraniumor mixtures enriched to greater than
5_ (by weight) of _+_U. Simulate_+2_:hours_LI1]plecollected. Screening

.)'r :,.1

J3_velsof 0+15 dpmare used for "+ "'U and "+°U, and anythtng Lc for
U, corresponding to 0.2 /_g/d for natural uranium; thus, the mtnimum

detectable dose analyses for uraniummixtures are comparableto those
for the elemental uraniumprocedure.

Quick So]ub]e Uranium(QUS) MDA: 0.5 /_g

Usedprimarily for monitoring exposure to class D or similarly soluble
forms of elemental urantum, where chemtcal toxicity is the princip]e
concern. Simu]ated 12-hour sampleco]]ected, typica]]y after 24 to
48 hours of no exposure. MDAis basedon excretion rate of 1 /_g/d.
Minimumdetectable dose analyses are equivalent to the elemental uranium
urina]yses for c]ass D material (shownin Tables IV.5 and IV.6),
mu]tip]ied by a factor of 4 due to the less sensitive nature of the QUS
ana]ysis.
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In Vlvo Measurements

Chest Count (1200 s)

* Implted Uranium Present
(nCt of urantum,_txturp,_

- Isotooe MOA IiiL1;JLCA__JJDepleted U Recycled U

23SU 0.20 nCt 8.6 13 8.6

Za4Th 2.9 nCt 6.0 3.1 7.8

Detection of uranium in the lungs is _nera11_],used only for relatively
insoluble (class N or Y) forms. The "_°U and "Th measurej13_ntscan be used as
independent checks on potentljllly postttve results. The L=qTh(assumed to be
in secular eq_,tLltbrtumwtth "_"U) Is sltghtly more sensitive in terns of total
urantum than _J_Udetection for most Hanford mixtures, and is the basis for
the minimumdetectable dose analyses.

TABLEIV.1. MtntmumDetectable Effective Dose Equivalents (torero),for Class W
Acute Inhalation Intakes of Natural Uranium Mixture (aj for
Elemental Uranium in Urine or Chest Counting

Day Post- Measurement Elementql U In Urine (b) Z34Thbv Chest Count(c)
Intake Interval F1r_t_Yea_ CEDE F_r_t-Year CEDE

I Special 0.040 0.045 IgO 210
2 Special 0.12 0.13 230 250
7 Special 0.31 0.34 2go 320
14 Special 0.46 0.51 310 340
30 Monthly 0.89 O.9g 400 440
go Quarterly 2.4 2.6 830 920
180 Semiannual 7.1 7.6 2700 3000
365 Annual 59 65 2. gE+4 3.2E+4
730 Biennial 1100 1200 3.6E+6 4.0E+6

(a) Multiply doses by 1.4 for recycleduranium and by 0.50 for depleted
uraniummixtures.

(b) Based on screeninglevel of 0.2 /Jg/durine excretion,implyingan
occupationallyattributed0.14/Jg/dabove the environmentalgeometric
mean level of 0.06 /Jg/d.

, (c) Based on detectionof 2.9 nCi of 234Thby chest counting,implyingthe
presenceof 6.0 nCi naturaluraniummixture in the lungs.
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IABLE IV.2. Mtntmum Detectable Effective Dose Equivalents (mrem).(or Class Y
Acute Inhalation Intakes of Natural Uranium Mixture, (a_ Detected
by Elemental Uranium in Urine or Chest Counting

Day Post- Measurement Elemental U in Urine (b) ZlCThbv Chest Count(c)
_I_ntake Interval Flrst-Year _ First-Year

I

1 Special 3.0 16 680 3,300
2 Special 8.8 48 830 4,000
7 Special 24 130 1,000 4,800

14 Special 38 200 1,000 4,800
30 Monthly 74 400 1,100 5,100
90 Quarter] y 130 680 1,100 5,100

180 Semiannual 130 720 1,200 5,500
365 Annual 130 720 1,500 7,200
730 Biennial 140 760 2,100 9,900

(a) Multiply doses by 1.4 for recycleduraniumand 0.50 for depleted
uranium.

(b) Based on screeninglevel of 0.2 /Jg/durine excretion,implyingan
occupationallyattributed0.14/Jg/dabove the environmentalgeometric
mean Ievel of 0.06/Jg/d.

(c) Based on detectionof 2.9 nCi of Z34Thby chest counting,implyingthe
presence of 6.0 nCi naturaluraniummixturein the lungs.
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TABLE IV.3. MtntmumDetectable Effective Dose Equivalents (mrem) for Class W
Chrontc, lnhalatton Intakes (365 days/yr) of Natural Uranium
Mtxture tal Detected by Elemental Uranium in Urine or Chest

' Counting

Day Post
, Onset of Measurement Elemental U in Urlne (b), 234Thby Chest ,Count(c)

Intake Interval First-Year CEDE First-Year CEDE

30 Monthly 2.I 2.6 3,000 3,800
gO Quarterly 1.6 2.0 1,500 1,800
180 Semiannual 1.5 1.8 1,100 1,400
365 Annual 1.4 1.7 1,000 1,300
730 Biennial 1.4 1.7 1,000 1,300

(a) Multiplydoses by 1.4 for recycleduraniumand by 0.50 for depleted
uranium mixtures.

(b) Based on screeninglevel of 0.2 /Jg/durine excretion,implyingan
occupationallyattributed0.14/Jg/dabove the environmentalgeometric
mean level of 0.06 pg/d.

(c) Based on detectionof 2.g nCi of Z34Thby chest counting,implyingthe
presenceof 6.0 nCi naturaluraniummixture in the lungs.

TABLE IV.4. Minimum DetectableEffectiveDose Equivalents(torero)for Class Y
Chronic.]_nhalationIntakes(365 days/yr)of NaturalUranium
Mixture_ajDetectedby ElementalUraniumin Urine or Chest
Counting

Day Post
Onset of Measurement _lemerltalU in Urine(b) Z34Thbv Chest Courll_(c)
Intake Interval First-Year CEDE Fir_t-Y_ar CEDE

30 Monthly 100 890 6,400 57,000
go Quarterly 79 700 2,300 20,000
180 Semiannual 62 550 1,200 11,000
365 Annual 43 380 640 5,700
730 Biennial 28 250 380 3,400

(a) Multiply doses by 1.4 for recycleduraniumand by 0.50 for depleted
uraniummixtures.

(b) Based on screeninglevel of 0.2 /Jg/durine excretion,implyingan
occupationallyattributed0.14/Jg/dabove the environmentalgeometric
mean level of 0.06 /Jg/d.

(c) Based on detectionof 2.9 nCi of Z34Thby chest counting,implyingthe
presenceof 6.0 nCi naturaluraniummixture in the lungs.
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TABLE IV.5. Minimum DetectableEffectiveDose Equivalents(mrem).forClass D

Acute Inha]ationIntakesof Natural(b_raniumMixture_a_Based onElementalUraniumDetected in Urine

Post- Measurement Intake EffectiveDose Eauivalent(mrem)
Intake Interval (Ua) First,Year CEDE

1 Special 1.4 8.OE-4 2.7E-3
2 Special 3.4 1.9E-3 6.5E-3
7 Special 15 8.5E-3 2.8E-2
14 Special 27 1.6E-2 5.2E-2
30 Monthly(C) 82 4.7E-2 1.6E-1
90 Quarterly 930 5.3E-1 1.8
180 SemiannuaI 16,000 9.4 31
365 Annual 82,000 47 160
730 Biennial 88,000 50 170

For recycled uranium,multiply intakesby 1.3 and doses by 2.0. For
depleted uranium,multiply intakesby 0.53 and doses by 0.26.
Based on screeninglevel of 0.2 IJg/durine excretion,implyingan
occupationallyattributed0.14 IJg/dabove the environmentalgeometric
mean level of 0.06/Jg/d.
Recommendedfrequencybased on potentialchemicaltoxicityof intakes

TABLE IV.6. Minimum DetectableEffectiveDose Equivalents(mrem)for Class D
Chronic (365 d/y) InhalationIntakesof NaturalUranium
Mixture,{ajBased on ElementalUraniumDetectedin Urine(b)

Post- Measurement Intake Rate EffectiveDose Equivalent (mrem)
Intake Interval (ua/d) First-Year CEDE

1 Special 0.74 0.13 0.53
2 Special 0.54 0.097 0.39
7 Special 0.41 0.074 0.30
14 Special.. 0.37 0.066 0.27
30 Monthly _cj 0.33 0.05g 0.23
90 Quarterly 0.30 0.054 0.21

180 Semiannual 0.30 0.054 0.21
365 Annual 0.30 0.054 0.21
730 Biennial 0.30 0.054 0.21

For recycled uranium,multiply intake by 1.3 and doses by 2.0. For
depleted uranium,multiplyintake by 0.53 and doses by 0.26.
Based on screeninglevel of 0.2 IJg/durine excretion,implyingan
occupationallyattributed0.14 IJg/dabove the environmentalgeometric
mean level of 0.06 /Jg/d.
Recommendedfrequencybased on potentialchemicaltoxicityfor acute
intake provides a substantialmargin of safety for the less limiting
chronicexposure condition.
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Exhibit 5.5

Bioassav Proaram for Plutonium
i

In VivQ Lung Countinq MDA: 0.30 nCi for Z41Amfor 1200-s count
w

11utoniumin the lungs can be monitored by measuring the Z41Amdaughter of
Pu using planar germanium-detector chest-counting techniques. This method

is state-of-the-art for in vivo detection in the lungs, _!,t is limited in
usefulness to aged,31utonium mixtures, where sufficient time has elapsed to
allow significant "_'Am ingrowth. Program capabilities for chest counting are
shown in Tables V.1 and V.2. The capability in terms of minimumdetectable
dose assur.pe^sthat material at the time of intake is either an aged 6¢ Z4°Puor
aged 12%"_Pu mixture, as discussed in the Technical Basis for Internal
Dosimetry at Hanford (Sula, Carbaugh, and Bihl 1991). Urine sampling is
generally mope effective than chest counting for routine monitoring of class W
forms of plutonium. Chest counting is primarily of value immediately
following intakes, or as a monitoring technique for class Y (or less soluble)
forms of plutonium.

Urine BioaG@aYAnalyses

Plutoniumin Urine (IPU) MDA = 0.02 dpm/samplez39*Z4°Pu
(assumed0.02 dpm/d)

Isotopicplutoniumis normallyanalyzed in a simulated24-hr urine
sample. The MDA is assumedto apply to a daily excretionrate. The
minimum detectabledoses for fresh and aged plutoniummixtures are shown
in Table V.3.

Low-LevelPlutoniumin Urine (IPUL) MDA = 0.005 dpm Z39pu/sample
(0,0025dpm/d)

This procedurehas been proposedprimarilyfor applicationto class Y
forms of plutoniumwhere the IPU MDA does not provideadequate
capability. The minimumdetectabledoses for fresh and aged plutonium
mixtures are shown in Table V.4.
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TABLE V.1. MinimumDetectable Effective Dose Equivalents (rem) for Acute
takes of Class Y Plutonium Mixtures Based on MDAChest Count of
Am(0.3 nCi) at Indicated Day Post-Intake

8

Day Post- Measurement Aqed _i%Z4°pu Aaed 12%Z4°pu
Intake Interval Fi rst-Ytar CEDE Fi r_it-Year CEDE__

1 Special 0.66 7.4 0.24 3.2 "
2 Special 0.77 8.7 0.28 3.7
7 Special 0.92 10 0.34 4.5

14 Special 0.92 10 0.34 4.5
30 Monthly 0.92 10 0.34 4.5
60 Bimonthly 0.99 11 0.36 4.8
90 Quarterly 0.99 11 0.36 4.8

180 Semiannual 1.1 12 0.39 5.2
365 Annualtaj 1.4 16 0.51 6.7
730 Biennial 1.9 21 0.70 9.2

(a) Recommendedfrequency.

TABLE V.2. Minimum DetectableEffectiveDose Equivalents(rem) for Acute
takes of Class W PlutoniumMixturesBased on MDA Chest Count of
Am at the IndicatedDay Post Intake

Day Post- Measurement Aaed 6% Z4Opu Aqcd 12% Z4°pu

Intake Interval Fir_t-Y_ar CEDE First-Year CEDE

I Special 0.38 9.9 0.14 4.5
2 Special 0.47 12 0.17 5.5
7 Special 0.60 16 0.22 7.0
14 Special 0.65 17 0.24 7.6
30 Monthly O.85 22 O.31 9.8
60 Bimonthly 1.2 31 0.45 14
90 Quarterly 1.8 45 0.65 21
180 Semiannual 5.6 150 2.1 65
365 Annual 60 1,600 22 700
730 Biennial 7,700 2.0E+5 2,800 8.9E+4

4
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TABLI_V.3. MinimumDeteCtable Effective Dose Equivalents (rem) fgT_Aged 6%
Pu Mixtures _al Based on MDADetection (0.02 dpm/d) of _°'Pu in
Urine by Isotopic Plutonium Analysis (IPU)

Day Post- Measurement Class W Class Y
• Intak_ _ntCrval Firlt-Year _ First-Year CEDE

I Special 8.6E-4 2.2E-2 2.6E-2 3.4E-1
2 Special 1.3E-3 3.3E-2 3.8E-2 5.1E-1
7 Special 6.1E-3 1.6E-1 2.0E-1 2.6E+0
14 Special 9.3E-3 2.4E-1 3.0E-1 4.0E+O
30 Monthly 1.2E-2 3.1E-I 3.9E-I 5.1E+0
60 Bimonthly• 1.6E-2 4.0E-1 4.7E-1 6.2E+0
90 Quarterly 1.9E-2 4.8E-1 4.8E-1 6.4E+0
180 Semian_Lqal 2.5E-2 6.4E-1 4.6E-1 6.1E+0
365 Annual_"J 4.3E-2 1.1E+0 4.2E- 1 5.5E+0
730 Biennial 8.6E-2 2.2E+0 3.8E-1 5.0E+0

(a) For other Pu mixtures,multiplyAged 6% Pu effectivedose
equivalentby the applicableconversionfactor below:

First-Year CEDE
Class W Cla@s Y Class W Class Y

Fresh 6% Pu 1.00 1.O0 1.06 1.03
Fresh 12% Pu 1.00 !.00 1.41 1.31
Aged 12% Pu 1.00 1.00 1.22 1.17

(b) Recommendedfrequency.
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TABLEV.4. Minimum Det¢¢table Effective Dose Equivalents (mmem)fo_:,_Aged6%
Pu Mixtures tal Based on MDADetection (0.0025 dlxn/d) of "+'Pu in
Urine by Low-Level Isotopic Plutonium (IPUL Ana]ysis)

Day Post- Measurement Class W Cla_ Y
Intake Interval Fi rst-Y,¢ar CEDE First-Year CEDE

S

2 Special 0.16 4.1 4.8 64
7 Special 0.76 20 25 330

14 Specia1 1.2 30 38 500
30 Monthly 1.5 39 49 640
60 Bimonthly 2.0 50 59 780
90 Quarterly 2.4 60 60 800

180 Semianimal 3.1 80 58 760
365 Annual_"J 5.4 140 53 690
730 Biennial 11 280 48 630

(a) For other plutonium mixtures, multiply Aged 6% Pu effective dose
equivalent by the applicable conversion factor below:

First-year CEDE
Class W Class Y Class W Class Y

Fresh 6% Pu 1.00 1.O0 1.06 1.03
Fresh 12% Pu 1.00 1.00 1.41 1.31
Aged 12% Pu 1.00 1.00 1.22 1.17

(b) Recommendedfrequencyas alterativeprocedureto simulated24-hour
urine sample analysesfor class Y mixtures.
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6.0 BIOASSAYSERVICES

' After a bioassay monitoring need has been identified
and the appropriate types of moasurementshave been
determined, the measurements then need to be scheduled

, and performed. This chapter covers nomal btoassay
services provtded through the IDP, i.e., the available
bioassay services, the scheduling of btoassay samples,
and the generation, reporting, and follow-up of data.
Special services not included here may be obtainable
by contacting Internal Dosimotry.

Frequently used telephone numbers and matl stops for
btoassay services are

• Internal Dostmotry Office, 376-7245, A3-60

• IVRRF, 376-6102, B1-60

• Dosimetry Records, 376-6342, 376-8203, A3-60

• IT Analytical Services, Inc. (ITAS), Richland,
375-3131.

6.1 INDIRECTBIOASSAYMEASUREMENTSERVIC[S

The indirect bioassay ana]yses are performed by the
Analytical Services Laboratory (Lab). Terms
applicable to Lab services are provided in the
Glossary. The Lab is responsible for

• providing sample kits, including kit deltvery
and pickup at designated locations (usua]ly
worker residences) within a 75-mile radius of
Rich]and. (Field Dostmetry is responsible for
kit delivery and pickup outside of this range.)
De]tvery and pickup of routine and priority
samples are usually avai]able on business days
only.

4k

• attempting a second pickup of a "container not
out" sample on a day specified by Field
Dosimetry, within 10 days after the originally

,' scheduled pickup.
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6.1 |NI)|RECT BIOASSAYMEASUREMENTSERVICES(contd)

• analyzing urine and fecal samples in four
processing categories: routine, priority,
expedite, and emergency.

._

• analyzing miscellaneous samples, such as blood, ,
body tissue, cloth, or air ftlters, by emergency
or priority processing. Somechemtcal analyses,
such as that for creattntne, are also available.

Provisions have been made for obtaining btoassay
samples from workers outside the 75-mtle service area
through the use of mat1 and private carrier. Internal
Doslmetry should be contacted if thts method of
bioassay sampling is to be done.

Kit Codes The sample type and collection method are identified
by the sample kit code. Ten kit codes are available.
They are explained in Appendix B, Table B.4, and kit
instructions are provtded tn Appendix D.

Lab Capability The analytical and reporting requirements for the four
processing categories as of FY 1993 are detailed tn
Tables 6.1 through 6.6. Changes in these requirements
may occur from year to year. Therefore, Internal
Dosimetry should be contacted if the most current
information is needed.

Note that the detection levels listed are "contrac-
tual" and are extracted _:romthe contract statement of
work (SOW) for the analytical laborator#. Actual
detection levels, as determined by statistics such as
those in ANSI N13.30-1989, are generally equal to or
lower than the contractual detection levels (CLs).
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TABLE6.). Analytical and Reporting Requirementsfor Routine Processingof Samples I

ConUactual Detection Determination Time Reporting Time Oral _ Level _ I%1

Level (dprrdsample) (business (dpm/semplo) t4D

Individual Analyses days follow)no

(and Codas) Conatituems Reported sample receipt) Ekctmnlo &
Urine Fecal (hll Wdttso N Udne Fecal

Pu( ar ) isotopic (IPUI Pu-238, Pu-239,240 0.02 0.2 20 0.01 2.0

Pulm) isotopic, low level Pu-239,240 0.0015 30 0.003 M
¢

I!PuU + 1=
Am-241 (AM241) Am-241 0.02 20 0.01 •

20 0.01
Cm(m) isotopic (ICM) Cm-242, Cm-243,244, 0.02 E

+ other, u |
Ulm) isotopic (IU) U-233,234, U-235, 0.02 20 (By close of (Within 5 (tl ..

U-238 _sl on business days) "_1

Cm(m) and Am(m) (ICA) Am-241, Cm-242, 0.02 20 day of 0.01 _00
Cm-243,244, + detonninatJcml tO

others _

Tritium (1t3) H-3 20 dpm/mL 6 10 dpm/mL

St-90 (SRgO) N St-90 10 30 6

Pm-147 Pm-147 30 20 16

Gamma spectroscopy K-40, Cs-137, + (see Table 6.5) 20
(ISPEC) others_

Spectromcopy (LEPD) Am-241 6 20

U-natural (U) Elemental U 0.06 POisample 20 0.2 pg/.amCb ,r"

U-natural Elemental U 0.6 pgissmple 4 !/4/ [

IOUS, OUSl, QUS2) nmpb .>O1
01
f_

Sequential Analyses (and Code,)
Pu(m) isotopic and Sr-90 (IPS) (Sam as for (Sin as for Individual 35 (By close of (Within 6

Pu(m) isotopic and Am-241 (lIPS) individual analyses above) 26 business on bualnese days)

Pu(m ) isotopic, U-nat (IUFU) analyses above) 26 day of

Pu(m) Isotopic, U leo (ITPAC) _* 26 da_)

Actirdde Ira) isotopic (ITPAC) N 25

Pu(m) isotopic and H-3 (IPUH) 25

Puma() isotopic, Sr-90, H-3(IPSH) 35 _ _
U- .___wal _--_ H-3 (UH| 25 o

:1

(a) Time allowed fogowino datmminaticn of results to receipt of mstdts by Batteb. f_4 O1

(b) Report Cm-245, Cm-246, and Cm-248 ff the measured activity exceeds the oral reporting level.
(c) ff total strontknn is less than 15 dpm, ytlxtum ingrowth is not required. -h

(d) Report all isotopes present at levels exceeding one-half the appropdato CL listed in Table 6.6. If ordered, mlX_ results for rsdicnuclkles in Table 6.5 PQ
specified in the processing Instructions, regardless of the activity measured. "_1

(el Pu(m) isotopic, Am-241, and Cm(m) isotopic.

(fl Oral repo4t level is 0.01 for U-235; 0.15 for U-233, U-234, and U-238.

(O) Oral report requked only when analyli=al results exceed level specified.
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TABLE6.2. Analytical and Reporting Requirements for Priority Processing of Smples

I--d

Contractual Detection Level _ Determination Time Reporting Tram

(dpmleemple) (bualnec8 CA)
Indi_dual Analysse days following

(and Codes) Constituents Reported sample recalpt) Electronio &
Urine Fecal Oral _ Writtsn b°

Pu(=) i8otopio (IPU) Pu-238, Pu-239,240 0.02 0.2 8 (h "
Cm(a() iso, (ICM) Cm-242, Cm-243,244, 0.02 0.8 8 c1

e
+ °thersN 3

U(=) isotopic (IU) U-233,234, U-235, U-238 0.02 0.3 8 (By close of (Within 5 _.

Re(=) isotopic (IRA) Ra-224, Ra-226 0.03 1.5 8 business I_nen days) .ee.

NP-237 (NP237) Np-237 O.O2 0.1 8 on day of -,4
AM-241 (AM241) Am-241 0.02 0.8 8 determination)

CO
Cm(_) and Am(_) (ICA) Am-241, Crn-242, 0.02 0.6 8

Cm-243,244, + others _
U-natural (U) Elemental U O.06 F0/sample 0.3 FO/sampie 8
U-nat (QUS, QUS1, QUS2) Bemontal U 0.5 /Jglsarnplo -- 4
Tritium (H3) H-3 20 dpmlmL -- 3
C-14 (C14) C-14 10 dpm/mL 200 3
Sr-total (SR) Sr-89, + 90 10 30 7
St-isotopic (ISR) St-89, St-90 30, 30 respectively 45, 30 respectively 15 _
Sr-90 (SRgO) Sr-90 10 10 15 W -u
Pm-147 (PM147) Rnn-147 40 220 8 pZ

Pu-241 (PU241) Pu-241 10 10 9 "E
Gamma spectroscopy (ISPEC) K-40, Cs-137, + others t" (See Table 6.5) (See Table 6.5) 3 ,_
Gamma spectroscopy (LEPD) Am-241 5 5 8 uu¢n

r_
Seuuential Analyses

|andCOd.)
Pu(:) iec and St-90 (IPS) (Same as for individual (Same as for (Sin am for 9 _ (By dose of (Within 5
Pu(() iso, Am-241 (IPA) analyses above) individual individual 9 business bualneee days)
Pu(=) i8o, Arn-241, St-90 analyses above) analyses above) 9 k) on day of

(lISA) determination)

Pu(:) iso, Pu-241 (IPUB) 9 N _ i

Pu(:) iso, Pu-241, Am-241 9 ee
(IPUBA)

Pu(_) iso, U-nat (IUPU) 9 e t
Pu(_) iec and U iec (IPIU) 9 4b m
Pu(_() iec and H-3 (IPUH) 9 O
Pu(_) iso, Sr-90, and H-3 9_ "h

(IPSH) -,4
U-natural and H-3 (UH) 9 e
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TABLE6.2. (contd)

Notes to Table 6.2:

(e) CL is stated in terms of dpmlssmple for fecal samples of 20 to 500 g. ¢m
(b) Oral report is required for all analytioal results.
(c) Time allowed following determination of results to reoeipt of results by Battelle. ";I
(d) In addition, report Cm-245, Cm-246, end Crn-248 if the measured activity exceeds the oral reporting level.
(e) Sr-90 is to be detemdned within 15 business days. Total strontium to be determined within 7 business days end reported orally upon detsmdnation. ._.

If total strontium is less than 15 dpm or St-90 is less than 5 dpm, yttrium ingrowth is not required. -,4
(f) Report all isotopes present at levels exceeding one-half the appropriate CL listed in Table 6.5. If ordered, report remdts for radionuoUdes in Table 6.5 specified

in the processing instruotions, regardless of the aotivity measured, tD
(g) Sr-90 is to be determined within 16 business days. Total strontium is to be determined within 9 business days and reported orally upon detelTnination.

If total strontium is less than 15 dpm or Sr-90 is less then 5 dpm, yttrium ingrowth is not required.
(h) Pu-241 is to be determined within 16 business days.
(i) U-natural is to be determined within 12 business days.
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TABL[ 6.3. Analytical and Reporting Requirements for Expedite Processing of Samples

Contractual (a)Detection Level Rel)orttnq Time
Indi vi dual (dml/smmi e)

Analyses [_nd Codes) Constituents Reported Urine Fec(sl Or@l(b) Elecf;ronic (kVrttten (c) m

Pu(-) isotopic (IPU) Pu-Z38, Pu-239,240 0.08 3
Cm(-) isotopic (ICH} Cm-242, Cm-243,244, + others (d} 1.2 70 x
U(-) isotopic (IU) U-233,234, U-235, U-238 0.12 4 |
Ra(-} isotopic (iRA) Ra-224, Ra-226 0.3 3 (By 9 a.m. (Within 5 ""
Am-241 (AH241) Am-241 0.08 6 on 2nd business business -_
Np-237 (NP237) Np-237 O.12 3 day following days) coMD

sample receipt)
U-natural (U) Elemental U 0.5 _g/sample 5 _j/sample
Tritium (H3) H-3 100 dpm/mL -
C-14 (C14) C-14 20 dpm/mL 2000
Pm-147 (PM147) Pm-147 50 2000
Sr-total (SR) Sr-89.90 50 150
Gammaspectroscopy (ISPEC) K-40. Cs-137. + others (e) (See Table 6.5) (See Table 6.5)
6aromaspectroscopy (LEPD) Am-241 5 5

Sequenti¢l Analyses (and Codes)
¢

Pu(-) iso, /_n-241 (IPA) ,>
(31

Pu(') tso, Sr-total (IPSR) (Sameas for individual analyses (Same as for individual analyses (By 9 a.m. (Vithin 5 on
Pu(m) tso. Sr-total, Am-241 above) above) on 2nd business business r_

( !PSA) day fol lowtng days)
pu(m) tso, U-natural (IUPU) sample receipt)

(a) Detection level tn terms of dpm/300 mLfor urine samples in excess of 300 mL. Detection level is stated tn terms of dpm/samplefor fecal

samples of 20 to 500 g.(b) Oral report required for all analytical results. eL
(c) Time allowed following oral report for delivery of electronic results to the Battelle Technical Administrator. o
(d) Report Cm-245, Qn-246, and Cm-248 if their measured activity exceeds the oral reporting level. =
(e) Report all isotopes present at levels exceeding one-hell the appropriate CL listed in Table 6.5. If ordered by the Battelle Technical o_ o_

Administrator, report results for radtonuclides in Table 6.5 specified in the processing instructions, regardless of the activity measured. 0 C:_
-h

",4
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TABLE6.4. Analytical and Reporting Requirements for EmergencyProcessing of Samples

Reporti_i Tim ¢_

Contractual (a) Oral (hours
Detect ton Level fol] owl rig

Individual (dm/samle) sample rece)Rf_) Electrontg ,
Analyses (and Codes) Constituents Reported Urine Fecal prine/F_ca] _" ,_ _rt.tten &cJ

Pu(-) isotopic (IPU) Pu-238, Pu-239•240 0.5 9 5/8 ¢I=

Ca(-) isotopic (ICN) Ca-242• Q.-243•244• + others (d) 10 240 6/8
U(-) isotopic (IU) U-233•234, U-235, U-238 1 12 5/8
Ra(z) isotopic (IRA) Ra-224• Ra-226 2.0 10 6/8 •
AB-24L (AH241) Am-241 1 20 5/8
Np-237 (NP237) Np-237 1 10 5/6 --4
U-nat (U) Elemental U 7 _g/sample 6 _j/smple 3/6 Oo
Trittwn (1t3) H-3 100 dpm/mL - 3/- (Within 5
C-14 (C14) C-14 100 dpm/mL 10,000 3/8 business days)
Pm-147 (PH147) Pm-147 80 8.000 6/8
St-total (SR) Sr-89.90 80 450 4/8
Gammaspectroscopy (ZSPEC) K-40• Cs-137, + others (el (See Table 6.6) (See Table 6.6) 3/3
Gammaspectroscopy (LEPD) Am-241 20 20 3/3

Sequential Analyses (and Codes)

Pu(-) tso, Am-241 (IRA) 5/8
Pu(-) tso• Sr-total (Same as for Individual (Sameas for (Sameas for 5/8 [ !

(I PSR) anal yses above) t ndt vi dual tndlvidual (Vt tht n 5 ,>
Pu(=) i so• Sr-total analyses analyses 5/8 bustless days) ¢lrl• ¢lq

- Am-24) (]PSA) above) above) r_
Pu(_) Iso. U-natural (IUPU) 5/8

(a) Detection le,-',1 in terms of dpm/300 mL for urine samples in excess of 300 ml. Detection level ts stated in terms of dpm/samplefor
fecal staples o, 20 to 500 g.

(b) Oral report required for ali analytical results. These time requirements apply for up to six samples submitted at any one time, except _ m

for gammaspectroscopy analysis, for which the requirements apply for up to ftve samples submitted at one time, and grams spectroscopy ( oee9
for kn-241 (LEPD). for which the requirements apply to two samples submitted at one time. However, additional samples up to 25 o
(20 for LEPD)at one time must be completed within 24 hours. =

= (c) Time allowed following oral report for deltvery of results to the Battelle Technical Administrator. -,4
(d) Report Cm-245, Cm-24.6, and Cm-248 if their measured activity exceeds the oral reporting level. 0 ¢:_
(el Report a11 isotopes present at levels exceeding one-helf the appropriate CL 1tared in Table 6.5. If ordered by the Battelle Technical -t_

Administrator, report results for radionucltdes in Table 6.5 specified in the processing instructions• regardless of the activity measured, r_
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_._._. Contractual Detection Levels for Routine, Priority, ,and
Expedite Processing of GammaSpectroscopy Analyses tal

CL, Urine CL, Feces
[ sotODe (dDm/samD1e) (b) (dora/samo1• )

a°Co 15 15

SOFe 15 15

54Hn 10 10

Z°SRu 60 75

141Ce 15 20

144Ce 40 50

x3+cs lO lO
;S7Cs 15 15

9SZr 15 ZO

Z4°Ba 35 35

131I 10 20

24Na 15 15

22Na 15 15

SSZn 20 20

239Np 25 30

24ZAm 70 65

(a) The Contractor shall resolve and quantify unknown
mixtures of gamma-emitting radionuclides. The
nuclides and CLs listed shall be Interpreted as
a minimum requirement; the Contractor shall
detect and quantify all other gammaemitters
present at a nominal detection level of 20 dpm
for each unspecified nuclide with E_>IO0 keV asz3_
relative to the energy and photon abundance Cs.

(b) CL is in units of dpm/L, for samples greater than
or equal to 1 L.
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I/_.L__L_. Contractual Detection Levels for Emergency,
Processing of GammaSpectroscopy Analysestaj

j-

CL, Urtne CL, Feces
!sotoDe (dora/same]e_(b) (de_/same] e)

" S°Co 35 35

SaFe 35 55

S4Mn 20 35

ZO6Ru 115 220

141Ce ZO 35

144Ce 75 145

134Cs 20 30

Z37Cs 20 35

9SZr 30 50

14°Ba 60 115

Z311 15 25

24Na 25 25

22Na 25 25

SSZn 40 65

239Np 40 70

241Am 100 180

(a) The Contractor shall resolve and quantify unknown
mixtures of gamma-emitting radionuc]ides. The
nuc]ides and CLs ]isted sha]] be interpreted as
minimumrequirements; the Contractor sha]] detect
and quantify a]] other gammaemitters detectab]e
ustng the sameconditions as for the CLs ]1sLed.

(b) CL is tn units of dpm/L, for samples greater than
or equal to 10 mL.

I
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6.1 INDIRECT BIOASSAYMEASUREMENTSERVICES(contd)

Ninimum Sample Size Minimum volumes for valid samples are specified in
the analytical laboratory SOW. They generally depend
on the same kit code and processing category. Values
are shownbelow:

Routtne Processtna OthQr Proc@_;:;i,a

1 500 mL 20 mL

2 20 mL 20 mL

3 500 mL 20 mL

4 20 mL 20 mL

5 (not applicable) 20 g

6 250 mL 20 mL

7 250 mL 20 mL

8 20 g (not applicable)

9 20 mL 20 mL

A 1000 mL (not applicable)

Tritium is an exception to the above. The minimum
volume for tritium analysis ts 20 mL, regardless of
kit code.

6.2 IN VIVO MEASUREMENTSERVICES

Routine in vivo measurementsare performed at the
747-A Building or at the 200E remote whole-body
counter. In vivo measurement services are summarized

below and detatl_ are provided in the Whole BodyCounttna Manual and the "In Vivo Btoassay Statement
of Work." The type of measurement performed depends
on the radJonuclide(s) being looked for and, for some
radionuclides, the expected location of the
radionuclide(s) in the body.

(a) 1990 internalmanual, PNL-MA-574,PacificNorthwestLaboratory
Richland,Washington.
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6.2.1 Whole Body Counts

Host gamma-emitting radtonucltdes can be eastly
detected by a standard whole body count. This
measurement ts normally scheduled as a pertodlc

. routine measurementor when an ewloyee is newly
htred, terminated, or beginning or endtng a spectal
project. Whole body counts are scheduled by Fteld
0osimetry through the Hanford Health System (HHS). A
limited number of walk-ins can also be accommodated.

The whole body measurement may constst of one or mere
counts using different equipment. Generally, a
screening count wtll be performed on the preview
counter, which ts a stand-up counter that uses ftve
Ha! detectors. If the preview counter indicates the
presence of an occupationally related radtonucllde,
or tf there are interferences that limtt the useful-
ness of Nal spectrometry, the sled counter ts also
used. The sled counter uses four gemantum detectors
to better resolve and quantify radtonucl|des,
especially in the presence of interfering radio-
nuclides, such as radon progeny. Sled count times
are substantially longer than preview count ttmes.

Table 6.7 lists the detection capabilities for
radionuclJdes routinely quantified by the preview
counter. The sled counter provides sensitivity equal
to or better than the preview counter for all listed
radionuclides.

6.2.2 Chest Counts

Chest counting |s also performed when there is
concern about the presence in the lung of
radionuclJdes that emit photons with energies of less
than 200 keY. A chest count must be scheduled in
advance with the IVRRF staff. Whenpossible, annual
chest counts are scheduled to cotncJde with a
worker's whole body measurement and physical
examination. There are two types of chest counts:
a normal count (code C) and an extra-sensitive count
(code C2). They dtffer only tn the length of the
count. Detection capabilities for chest counts are

e listed in Table 6.8.

The remotely operated preview counter, located in the
ZOO-East Area, can be used in place of the 747-A
previewcounter. If activityother than _K is
detected,confirmingmeasurementsare obtained at
747-A.
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.... IA_. Nominal Minimum Detectable Amount (MDA) Values
for Whole Body Exams

Preview Co&mqter Sled Counter
Nucllde MDA(n(_l)! aJ MDA(net) ti)

4°K 11.8 9.1 -
6°Co 5.7 1.1

Z37Cs 3.2 1.2
S4Mn 4.4 1.0

ZS4Eu 12.1 2.6

ZZNa 3.2 0.91
SgFe 7.5 1.9
9SZr 1.9
65Zn 2.1

zOSRh 11

z3zI 3.6 1.5
Z4°La 0.71
Z°aT1 3.5 O.79
Z44pr 16
SZCr 14

24Na 0.53
ZZ°A- 1.4
214By 9.8 2.9
SaCo 1.2

134Cs ' 1.2

(a) The MDAvalues are for routine 200-s measurements with
the preview counter (five cylindrical sodium-iodide
detectors in a vertical array). The corresponding
values for 200-s measurements with the remote counter
(six rectangular sodium-iodide detectors) will be
comparable.

(b) The MDAvalues are for the 1200-s scanning measurements
with the four coaxial germanium detector system
positioned posteriorly to the supine subject. The
corresponding values for 600- or 2400-s measurements
will be increased or decreased, respectively, by a
factor of approximately0.6.
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_J.[_.fz___. Nominal Hinimum Detectable Acttvtty (NDA) Values for Planar
GermaniumDetector In Vivo Measurements

p.

Measurement. _nd Radionqcllde,, MDA ,

Normal Chest Count(a)
" Z4ZAm 0.30 nCi

235U 0.20 nCt
g34Th 2.9 nCt

Extra-Sensitive Chest Count(b)
24ZAm O.18 nCi
Z35U O.12 nCi
Z34Th ' 1.7 nCt

Skeleton Burden by Head Count(c)
Z4ZAm 0.5 nCi

Liver Count(d)
241Am 0.17 nCt

Thyro,_'i_iCount (e) 0.01 nCi
z3zI O.02 nCi

Transuranic WoundCount
(60_)_s count time)

_Z'Am(59.5 keY x-ray) Determined as needed
_°°Pu (17.0 and 20.4 keV x-rays) Determined as needed

(a) Values are for 1200-s measurementswith six detectors. The
values for 1800-s measurementswith four detectors will be
comparable.

(b) Values are for 3000-s measurementswith six detectors.
(c) Value is based on 3000-s measurement with two detectors

positioned on the forehead.
(d) Value is based on 1800-s measurement with three detectors

positioned over the liver.
(e) Values are based on 600-s measurementwith two detectors

positioned over the thyroid.
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6.2.2 Chest Counts (contd)

If activity is detected in a chest count, a
measurement of chest wall thickness and a head count
may also be needed to make appropriate corrections to
the chest count data. These measurementsmay be
performed on the same day or rescheduled for a later
date. Ultrasound measurements are routinely scheduled
on a Z-year interval for workers with long-term
detectable chest count activity. Lung corrections for
liver content are not currently performed, but may be
considered for unusual circumstances.

6.2.3 SPeCtal Counts

Other counts performed by spectal request include
liver counts (for low-energy photons), head counts (to
determine skeletal content for low-energy photons),
thyroid counts (for radJotodJnes), woundcounts, and
selected lymph node counts. These counts are normally
performed as part of special Investigations or as
long-term follow-up of knowndepositions. These
counts are arranged through Internal Dostmetry.

Table 6.8 lists the detection capabilities for
radionuclides emitting low-energy photons, which are
analyzed using germanium detectors, assumtng normal
count times. Slightly lower MDAscan be achteved i6
longer count times can be arranged. The MDAvalues
for woundcounts or other ttssues (e.g., lymph nodes)
are highly variable, depending on the circumstances of:
measurement. Contact Internal Dosimetry if additional
information is required.

6.3 SCHEDULINGANDRECORDK_EP_NG

This section discusses scheduling of bioassay
measurements, reporting of routine results to Field
Dosimetry, and recordkeeping. Follow-up of detected
activity is discussed in Section 6.4. Assessment of
confirmed intakes is covered in Chapter 3.0, and
response to incidents is covered in Chapter 7.0.
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6.3.1 Contacttno the Worker

. All contacts with the worker concerning the scheduling
and results of bioassay measurements are conducted by
Field Dostmetry. (Durtng a response to an Incident,
both Field Dostmetry and Internal Dostmetry usually

- work directly with the worker.) Internal Oostmetry
also consults with a worker at other times at the
request of Field Dostmetry.

6.3.Z $chedullna Indirect Btoassav Measurements

Sueenary Internal Dostmetry coordinates all bioassay measure-
ment requests to the Lab, either through the IDP or
HRRPusing the REXdatabase.

The details of scheduling depend on the reason the
sample is needed. Currently used sample reason codes
are described in Table 6.9, and scheduling detatls
categorized by reason type are discussed below.

Baseline, To schedule a worker for a baseline, termination,
Terlnination, or end-of-assignment sample, Field Dostmetry must
End of' Assignment perform two steps:

1. Field Dostmetry completes an Employee and
Dosimetry Changes form (Exhibit 6.1) and enters
the information into the REXdatabase. This
deletes the old schedule (if there is one) and
establishes the new schedule. The completed
form is submitted to HRRPfor inclusion in the
worker's radiation exposure file. (An Employee
and Dosimetry Changes form is not needed for
beginning and ending work samples for planned
offs i te exposures. )

2. The sample request ts called in by Fteld
Dostmetry to the Internal Dosimetry clerk for
verification of scheduling and transmittal to
the Analytical Lab.

Perfodfc Field Dosimetry initiates the request for a periodic
bioassay measurementschedule by completing the
Employee and Dosimetry Changes form (Exhibit 6.1), and
entering the Information into the REXdatabase. The

" completed form is sent to HRRPfor verification and
filing in the worker's radiation exposure file.

About one month before the scheduled sample time, a
list of scheduled periodic samples is sent to Field
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_t_J.F,____.. Bioassay Measurement Reason Codes for the REXSystem

Name Descrtot;toq ..... -

BL Baseline Heasurement is performed to establish a reference
level agatnst whtch subsequent measurements wtll be
compared. Generally, this may be for new employees,
or for established employees, prtor to Coltnctng work
with radioactive materials, beginning a specific type
of radiation zone work, or making an offstte trip
where potential tnternal exposure could occur.

PR Pertodtc Heasurement is performed at a regularly scheduled
tnterval.

EA End of Heasurement is performed following Colpletton of
Assignment spectflc work assignment, but not end of elployment.

SP Spectal Heasurement ts performed as part of a specific
Investigation of potential tnternal dose. Nay tnclude
response to off-normal work conditions, or follow-up
of abnormal periodic measurements.

CR Contractor Heasurement requested by employer for reasons other
Request than periodic, baseline, end work, or spectal

investigation.

RA Reanalysts A First reanalysis of sample by taking another altquot
and repeating the sameradiochemtcal or chemical
analysis.

RB Reanalysis B Second reanalysts of sample by taking another altquot
and repeating the sameradtochemical or chemical
analysis.

R1 Recount 1 First recount of origtnal excreta sample or repeat
in vtvo exam.

R2 Recount 2 Second recount of original excreta samq)leor repeat
in vivo exam.

OR Quality and Measurement performed as part of qualtty control,
Research qualtty assurance, or research work.

TM Termination Final btoassay at termination of employment.

12 Contract In vivo measurement performed under contract to
Work customers rather than Hanford employees.

20 Source Count In vivo source count made for system calibration or as
a function check, usually using a known check source.

30 Background In vtvo system background measurement performed for
Count system calibration or as a functional check.
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6.3.2 Schedultnq Indlre_;t B!oas_av Measqrements (contd)

Periodic (contd) Dostmetry for review. The reviewed list ts then elec-
" trontcally transmitted to the Lab one week before the

scheduled sample month, and this pattern is repeated
until another Employee 0ostmetry Changes form is

, recetved.

If the periodic sample is not collected, is of
Insufficient volume, or ts "lost tn lab," the Lab
notifies Internal Dostmetry, who then notifies Field
Dostmetry. Fteld Dosimetry reschedules the sample
request through REX. Internal Dostmetry transmits the
request electronically to the Lab.

Contractor Request Contractor-requested measurementsare madeby Fteld
Dostmetry to the exposure evaluator (EE), usually by
telephone.

Special, Spectal measurementrequests, reanalysis, and recount
Reanalysis, requests are madeby an EE after consultation with
Recount Field Dostmetry. During incident response, the EE

often gives sample kits directly to the worker. The
Spectal measurementcode ts used while data are being
collected for an evaluation. After a preliminary or
final evaluation has been made, samples collected for
long-term surveillance of the intake are scheduled as
periodic samples.

6.3.3 Reoorttna Results from Indirect Measurements

Valid Results A result from a routinely processed sample is verbally
reported or faxed to Internal 0osimetry by the Lab tf
the result exceeds the reporting level. Contractual
reporting requirements for indirect bioassay measure-
ments are included tn Tables 6.1 through 6.4. For
most indirect analyses, the reporting level is one-
half the contractual detection level (CL), which is
approximately equal to the decision level (Lc). The
reporting level for uranium analyses are adjusted to
reflecttypicalenvironmentalcontributions. All

_ sample results are transferred electronically from the
Lab to the REXdatabase, as specified contractually,
and listed in Tables 6.1 through 6.4.

- ]nvalid or There are a number of reasons that a sample may not be
No Results obtained or a result not be provided. When such cir-

cumstances occur, the Lab notifies Internal Dosimetry
to take appropriate follow-up action. These circum-
stances and appropriate actions are discussed below.
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6.3.3 ReOOrtinq Results from Indirect Heasurements (contd)

Lost: in Lab (LL) An LL indicates that a valid sample was provided by
the worker; however, due to analytical problems, a
valld analytical result could not be obtained.
Examples of these problems include spillage, cross-
contamination, analytical procedure errors, inadequate
yield, or out-of-specification quality control
samples. For LL results, the Lab notifies Internal
Dosimetry by fax and writes a nonconforming data
report to the contract administrator, wtth a copy to
Internal Dostmetry. Generally, a worker whose result
is lost in the Lab should be rescheduled for the lost
analysis.

Xnsufffcfent If a urtne sample does not meet the mtntmumvolume
Volume Sample (XS) requiremen_ specified for the sample type (see

Section 6.1), the sample is not analyzed and the 1S
code is noted in the REXdatabase. A worker who
provides an insufficient volume sample should be con-
tacted to ensure that the sample kit instructions wt]l
be followed, and then the sample and analysis should
be reschedu] ed.

Kft-Not-Out (KN) If the kit was not out at the ttme oOfthe scheduled
pickup, a KN interim status code is assigned. The Lab
will advise Internal Dostmetry of the attempted pickup
and wt]l make one more attempt to pick it up when
nottfied of a revised pickup date. Samples not
retrieved or scheduled for later retrieval within
10 days of the scheduled pickup are assigned a "lost
kit" designation and should be rescheduled.

Lost Container (LC) The LC code meansthat the Lab delivered a sample ktt
but was unsuccessful in retrieving it. The sample
should be rescheduled.

Not Delivered (NO) The NDcode meansthat a scheduled sample kit was not
delivered by the Lab. The sample should be
reschedu] ed.

No Sample (NS) The NS code means that a sample ktt was delivered to .
the designated residence; however, tt was not used and
remained outside at the residence on the scheduled
pickup date. The Lab notifies Internal Dosimetry of
no samples. Internal Dostmetry then contacts Field
Dosimetry. The worker should be contacted before
pickup Is rescheduled.
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6.3.4 Schedullna In ViVq BtoassavHeasuremnts

Summary All tn vtvo measurementsfor baseline, end of
F

assignment, temtnatton, periodic, and contractor
request reason codes are scheduled in a s|mtlar
manner. The ZVRRFhas allocated to each contractor

. spec|ftc blocks of ttme for counttng workers, and
Fteld Dostmetry schedules thetr workers |nto those
b]ocks. The REXand Hanford Health System (HHS)
databases are used for schedu]tng most tn vtvo exams.
Specta] tn vtvo measurements, performed tn response to
potentta] intakes, are schedu]ed dtrect]y wtth IVRRF
staff and may take precedence over other schedu]ed
measurements.

Typical Neasurements Fteld Dosimetry |ntttates the request for periodtc tn
vtvo measurements by completing the Emp]oyee and
Dostmetr_ Changes form (Exhtbtt 6.1) and entering the
information tnto the REXdatabase and the HHS
database.

The HHS identifies to Fie]d Dostmetry workers who are
specified for apertodic in vivo exam in the coming
month. Nho]e body exams are then schedu]ed for
indtvidua] workers direct]y by Fte]d Dosimetry, using
the contractor a]]ocations of count ttmes provided by
IVRRF. Each ntght HHSsends an e]ectron|c ft]e to
IVRRF containing the namesof workers scheduled for
exams the next day.

Unscheduled workers wt11 a]so be accepted, a]though
some reschedu]tng might be required.

Recounts Recounts are measurements performed the same day as a
postttve count to conftrm the tnitta] measurement.
Measurements performed at a later date as fo]]ow-up or
because a same-day recount cou]d not be performed are
assigned the "specia]" code.

Special Specla] tn vtvo measurements are performed tn response
to Identified potential intake or as follow-up to a

.. periodtc measurementwhich exceeds a screening ]eve].
These measurements may be requested by the Exposure
Evaluator or the event contractor. Timely comp]etion
of special measurements is a htgh priority and may

- preempt a schedu]ed worker.
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6.3.5 Reoorttna Resqlts of j[n Vlvo Heasurem@nts

Valid Results An tn vJvo measurementresult is verbally reported to
Internal Dostmetry tf it exceeds tim reporting level.
The reporting levels for routinely scheduled tn vtvo
measurements are shown tn Appendix A. In addition,
results from special and contractor-requested measure- •
ments are reported verbally to Inter_al Dosimetry,
regardless of the level of the results. Internal
Dostmetry, tn turn, relays the results to Fteld
Oostmetry with recommendations for follow-up, tf
necessary. All results are electr_tcally transmitted
weekly to the REXdatabase.

No Results Invaltd results or no results _ be obtained for an
in vtvo measurement for a variety of reasons, such as
for a preliminary count that was followed by a record
count on the same day, radon daughter Interference,
equipment problems, or interference from radically
administered radioactivity. A comprehensive l tst of
no-result codes is given tn Appendtx E, Table B.16.

6.3.6 Reoortina "No Shows"

Whether or not a worker reported for an in vivo
measurement can be determined from the Hanford Health
System. Following each day's eeasurments, IVRRF
staff send an electronic "show" ftle to HHS, listing
workers who reported to IVRRF for exams, including
unscheduled walk-ins. The actual masurement results
are not part of this ftle.

The HHSgenerates a report upon user commandby
retrieving the "show" ftle and matching it with the
day's schedule file. Hatches and walk-tns appear as
"shows." Workers scheduled but not listed tn the
"show" file are identified as "no-shows."

6.4 FOLLOW-UPHEASUREHENTSANDREPORTS

Follow-up measurementsand their associated
documentation are handled as described in the
following subsections.

6.4.1 Indirect Bioaissay Healsuremerlts

The need for follow-up indirect bioassay measurements
depends on the initial measurementresult and tts
relationship to the screening levels of Appendix A.
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6.4.1 ;ndirect Bioassav Measurements (contd)

Screening Level If the indirect btoassay measurement result is at or
" below the screening levels of Appendix A, no follow-up

is performed by Internal Dostmetry and a computer-
generated letter is sent to Field Dostmetry (see

• Exhibit 6.2).

• $creenfng Level ]f the result is above the screening levels of
Appendix A, different actions are taken, depending on
the reason for the sample, according to the practices
discussed in Chapter 2.0. If the reason code is for a
baseline or special measurement, any result above the
reporting level is investigated. If the reason code
ts for a periodic, contractor request, end of
assignment, or _ermination measurement, then the
result is comparedwith 1) the expected result because
of prior assessed intakes, if applicable, and 2)
level that would possibly indicate an intake resulting
in an annual effective dose equivalent greater thali
10 mrem (see Appendix A, Table A.1). If the result is
greater than expected or implies that an intake
greater than the 10-mrem dose criterion has occurred,
then the result is investigated. Otherwise, the
letter shown in Exhibit 6.2 is sent to Field Dosimetry
and no follow-up is performed by Internal Dosimetry.

Recounts If a routine- or priority-processed urinalysis for
alpha-emitting nuclides exceeds the screening level
(usually equal to the L_) but not the CL, Internal
Dosimetry commonlyrequests recounts. This step
reduces random false positive results that ensue from
counting statistics alone. If both recounts are less
than the screening level, then the letter shown in
Exhibit 6.2 is sent to Field Dostmetry. If one
recount is also at or above the screening level, then
InternalDosimetrynotifiesField Doslmetryand
initiatesa formal assessmentof possible internal
dose. Detailsabout the assessmentof internaldose
are discussedin Chapter3.0.

. Recounts may be ordered under other circumstances at
the discretion of the EE.
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6.4.1 Indirect Btoassay Measurements (contd)

ReanaTysis If a result exceeds a screening level for an analysis
for whtch only an aliquot of the original sample was
required, Internal Dostmetry may request reanalysts of
that sample, provided that sufficient sample remains.
If two reanalyses are below the screening level, the 4

initial result is considered unconfirmed. If one
reanalysts is also at or above the screening level,
then Internal Dostmetry nottftes Field Dostmetry and
initiates a formal assessment of possible tnternal
dose. Detatls about the assessment of internal dose
are discussed in Chapter 3.0.

6.4.2 In Vtvo Measurements

The need for follow-up in vtvo measurements depends on
the measurementresult and its relation to the
screening levels listed in Appendix A. For in vtvo
measurements, the reporting levels are equal to the
dectst on 1evels L_ for the nucltdes measured, except
for naturallyoccurring4°I(. IVRRF staff attemptto
recountall unexpectedpositiveresultson the same
day, if possible. For whole body counts, IVRRF staff
report the final (record)count to InternalDosimetry;
for all other count types, resultsof both initialand
recountmeasurementsare reportedto Internal
Dosimetry. InternalDosimetrythen reviewsthe
reportedresultsagainstthe applicablescreening
levels (seeAppendixA) beforedeterminingfinal
disposition.

PreliminaryReport The worker receivesa preliminaryreport on the
resultsof in vivo measurementsat the end of each
visit to the IVRRF (see Exhibit6.3). The preliminary
report places the resultsof the measurementsinto one
of four categories: 1) less than the screeninglevel,
2) false-positiveinitial indication(for chest counts
only), 3) not immediatelyavailable,e.g., final
calculationsby computerare delayed or calculation/
evaluationby hand is required,and 4) equal to or
exceedingthe reportinglevel.
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6.4.2 [n Vtvo Heasurements (contd)

Ffnal Report Where several screening levels may exist depending
s Screening Level on whether the measurement is a baseline or routine

periodic assay, Internal Dostmetry determines the
applicable screening level for each case. Whena

, result is finalized, and if the result ts at or below
the screening level and is not associated with an
incident, no follow-up is performed by Internal
Dostmetry. If the information in the preliminary
report needs no change, then no further correspondence
is necessary. If the final result differs from the
preliminary report but no evaluation is necessary,
the letter shown in Exhibit 6.4 is sent to Field
Dostmetry.

Final Report If the result is above the screening level, different
Screening Level actions are taken depending on the reason for the

measurement, according to the practices discussed in
Chapter 2.0. If the reason code is for a baseline or
contractor-requested measurement, any result above the
reporting level is investigated. If the reason code
is for a periodic, contractor request, end of
assignment, or termination measurement, the result is
comparedwith 1) the expected result because of prior
assessed intakes, t6 applicable, and 2) a level that
would possibly indicate an intake resulting in an
annual effective dose equivalent greater than 10 mrem
(see Appendix A). If the result is greater than
expected or implies that an intake greater than the
lO-mremdose criterion has occurred, then the result
is investigated. Otherwise, the letter shown in
Exhibit 6.4 is sent to Field Dosimetry and no follow-
up is performed by Internal Dosimetry.

6.5 RAO(ATIONEXPOSURE(REX) DATABASE

The results of all bioassay measurements are
permanently retained in the REXdatabase. Field
Dosimetry, Internal Dostmetry, IVRRF, and Lab staff

. all have access to only those parts of the REX
database that are essential to their task
responsibilities.

- The REXdatabase has superseded the Occupational
Radiation Exposure (ORE) database. Information
contained in OREwas incorporated into REX. questions
concerning the OREdatabase can be addressed to
Internal Dosimetry or the HRRP.
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Exhlblt6.1

Samole Form - Employee and Dostmtrv £haqges

Employer Oitl RADIATION IRtOTIECTIONREOORDI

EMPLOYEE AND DOSIMETHY CHANGES

(List) (First) (MiddleInitili) S_lel 8actlrityNo. Pcyroilet Idlnt. No. " ..... Or_ Code 4

, i i ,,

r-1 Correct social Security No. from to

[] ChangeOrg. Code from to Effective Dim

[] ChangeName from Effective Dam
(Lilt) (First) (MiddleInitlel_

[] Change Employee Status:

[] End of Employment [] [)e_lmd Effective OIm
i , ii i l i,

External Do_in_,..mr Requirement Effective Daw of Change

[] AssignBasic(Annual)

[] Assign Multi-Purpose
[] Annuld [] Monthly [] Quarterly

I-1 ChangeBasicto Multi.Purport
[] Annual [] Monthly [] Ouamrly

[] ChangeMulti-Purpote to:

[] BasicAnnual [] Multipurpou Annual [] Monthly [] Quarterly

[] Discontinue Dosimeter(Not required)

,i i

Internal Dosimetry Requirements

Bioassiy: (1) (2)
Isotope Frequency Month Yea' Isotope Frequency Month Year

(3) (4)
Isotope Frequency Month Year Isotope Frequency Month Year

[] DiscontinueAll Bioassay

In Vivo....._,' [] Discontinue In Viv...._oType FrecMmcy Year

See reverw for Bio Freq and In Vivo Types.
ii

Remarks:

It.

RIdiationProtectionConcurrence

OISTRIBUTION: White. PeraonnelDoetmetryServices,PNL
Yellow- ContractorRadiationProl_:tionOrganization 54-3000-486(8-88)
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Exhlblt 6.2

Sample Letter - Btoassav Urtne SamDle Results
qe

I)

DATE 07/30/92 PR# 99999

NAME AB TEST ORGCODE i i

URINALYSIS EXAMINATIONREPORT

The analysts of your excreta examination on _
has been completed. Results do not exceed the crtteria for
followup measurements. The results of this examination do
not change previous assessments of internal dose or current
btoassay measurement schedules.

Records of this and your other btoassay examinations are
maintained in your personal exposure file. Contact your
company's radiation protection or radiation dostmetry office
on.__tf you have any questions regarding your
occupational radiation exposure status.

This statement was prepared by Hanford Internal Dosimetry.
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Exhibit 6.3

SamDle Letter -Preliminary Analysts of In Vtvo Examination

NAME PAYROLL DATE q

Preliminary analysis of your in vtvo examinations(s) indicates:

_ Your in vtvo measurements are completed, and the results do not
exceed the criteria for follow-up.

_ Your ftrst chest count Indicated the possible presence of tnternal
radioactivity; however, your second count, which was longer and mere
sensitive, dtd not detect radioactivity. Your ftrst count ts considered
a false positive reading; due to the nature of radioactivity counting,
false positive readings are expected to occur about 5%of the time.

_ Analysis of the examination data is not immediately available. The
results of this examination will be provided to your company's radiation
protection organization when available.

_ Your measurement exceeded a screening level.* A further review of
the examination will be performed and your radiation protection
organization will be notified of the results. Follow-up
measurementsmay be required.

* The screening level is used to determine if there is a need for further
evaluation of possible internal radioactivity.

Pleasenote: This report is based on a preliminaryevaluation of your
measurementby computer and is subject to change based upon additional review.
If there is a change from the results reported above, Internal Dostmetry will
notify your company's radiation protection organization.

If you have any questions concerning your in vtvo examination, please contact
the following representative of your company's radiation protection
organization:

Company Name Phone .
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Exhlbtt 6.4

$_mDle Letter - In Vtvo Measurement Results

" STRICTLY PRIVATE

DATE 07/16/92 PR# g99gg

NAME ABTEST ORGCODE

IN VlVO EXAMINATIONREPORT

The analysts of your tn vivo examination on .
has been completed. Results do not exceed the criteria for
followup measurements. The results of this examination do
not changeprevious assessmentsof internal dose or current
bioassay measurementsc,edules.

Records of this andyour other bioassay examinations are
maintained in your persona] exposure file. Contact your
company's radiation protection or radiation dosimetry office
on --if you have any questions regarding your
occupational radiation exposure status.

This statement was prepared by Hanford Internal Dosimetry.
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7.0 INTERNALEXPOSUREINCIDENTRESPONSE

" Thts chapter provtdes gutdance for recommended
dostmetry response to potent|al tnterna| exposure
Incidents. The roles of the contractor, Znternal

• Dostmetry (the Exposure Evaluator, or EEl, and other
support groups tn obtaining dostmetry data and tn
perfomtng early assessments of tnternal exposure are
discussed. Also addressed are some EE tasks that are
performed under the ausptces of the IDP but are not
dtrectly related to Internal Dostmetry.

For the purposes of thts chapter, an tnternal exposure
tnctdent ts deftned as any circumstance Involving loss
of containment or administrative control that may
result tn a worker Incurring an tntake requiring an
tnternal dose assessment. Sectton 2.1.1 requtres that
a dose assessment be performed for any potential
occupat|onal tnternal exposure.

An tnternal contamination fnctdent response plan has
been developed and mutually approved by the Hanford
contractor radiation protection managers. Thts plan
addresses the responsibilities and acttons of the
various groups tn responding to potential intakes.
The plan is included as Appendtx E to this manual.

7.1 XHCIDENTRESPONSEOBJECTIVESOF THE HANFORDINTERNALDOSIHETRYPRO_ECT

In responding to an internal exposure incident, the
IDP's principal objective is to perform tnittal and
follow-up assessments of the seriousness of the
exposure. Such assessments support the contractors'
reporting and Investigating requirements, and address
the medical considerations regarding the effectiveness
of dose-reduction therapy. In addition to the role tn
responding to internal exposure incidents, the EE
provides notificat|on services for other types of
incidents at Hanford.

D

7.2 INCIDENTRESPONSESERVICESpROVIDEDBY THE HANFORDINTERNALDOSIHETRY
PROJECT

4

The IDP provides tncident response by meansOf tts EE
function. The EE is a sitewtde 24-hour on-call
contact for dostmetry and notification assistance.
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7.2 INCIDENT RESPONSESERVICESPROVIDEDBY THE HANFORDINTERNALDOSIMETRY
(contd)

0

The following tnternal exposure assessment servtces
are available through the EE:

• consultation regarding the need for and _rtortty
of special btoassay measurements

• arrangements for btoassay measurements and
samples

• identification of supplemental measurements and
samples to aid tn the performance of internal
exposure evaluations (e.g., measurement of a|r
ft 1ters and smears)

• arrangement with PNL Radiation Protection for
Radiation Protection Technologist (RPT) support
for IVRRF and the Emergency Decontamination
Faclllty (EDF)

• tntttal assessment of the potential severtty of
tntakes based on early data

• discussion wtth workers about the results of
spectftc measurements (done in conjunction wtth
Fteld Oostmetry)

• arrangement for appropriate follow-up btoassay
measurements.

The following services, not related to tnternal dostm-
etry, are also available through the EE:

• dostmetry assistance for unusual external
exposure situations

• activation of PNL Hanford environmental
monitoring teams

• request for assistance from PNLRadiation
Protection for monitoring potentially contami-
nated Hanford pattents who report to Kadlec
Medtcal Center, HEHFfirst-aid stations, the
EDF, or the IVRRF.
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7.3 DETERMININGTHE NEEDFOR INTERNALDOSIMETRYSUPPORT

Internal Dostmetry should be contacted whenever an
tntake of rad|oactJvity |s suspected, or when the
dostmetrJc significance of an observation or event is
In doubt.

The following are examples of circumstances that could
warrant contacting Internal Dostmetry:

• abnomal radioactivity detected on nasal smears

• suspected intake of radioactive material with
the potential for a committed effective dose
equivalent of 100 mrem

• extended or extensive personal skin
contamination

• loss of containment or exposure control, such as
fatlure of a ventilation system or respiratory
protection, resulting in exposure to high
concentrations of radioactivity in the air

• spread of contamination that results in levels
of radtonuclJdes at or exceeding levels given in
Table 7.1

• unplanned releases of radioactive material to
the environment that may have affected workers.

It is also recommendedthat Internal DosJmetry be
tncluded on distribution for radiation occurrence
reports.

Notify HEHF Internal DosJmetry recommendsthat HEHFOccupational
Medicine be promptly alerted to potential Internal
exposures when the criteria of Table 7.2 are exceeded.
The primary purpose of this notification is to alert
HEHFto the possibility that dose reduction therapy
may be warranted. At the request of the contractor,

. the EE may make this notification. The EE may also
informally notify HEHF if there seems to be a
possibility that therapy may be warranted.
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7.3.1 Notifications for Proput Interflal ExDosure Evaluation and
Dose Reduction The_aDv

Nottfy Exposure The EE should be nottfied tmmedtately when prompt "
Evaluator actions may be required to evaluate internal exposure.

The crtterta recommendedfor immediate notification
and request for EE support are showntn Table 7.1. ,
These crtterta are based primarily on Hanford
experience, and may be taken as Indicators that
committed effective dose equivalents (CEOEs) may
exceed 100 mrem.

The EE should be nottfted the sameday that tntakes or
potential tntakes occur or are Identified to assure
that adequate provision ts madeto obtatn btoassay
measurements for dose assessment.

Whenthe crtterta of Table 7.1 are not met, tt ts
unlikely that therapeutic act|ons would be taken based
on early btoassay measurements. Btoassay measurements
are sttll needed for dose assessment purposes. In
some cases the measurements may not need to be
immediate (t.e., sameday), and may be scheduled on a
prtortty basts a few days after the potential tntake.
Under these circumstances, the EE may suggest a
delayed measurement protocol tn consideration of
convenience and cost.

7.3.2 Information to Proytde WhenNottfvt,a the Exposure Evaluator

Exhibit 7.1 provides a summarychecklist of
information that may be useful to the EE for dostmetry
evaluation. The EE Offtce maintains a telephone log
for each separate tnctdent notification, ustng a form
stmtlar to the one shown in Exhibit 7.2.

7.4 CONTACTINGTHE EXPOSUREEVALUATO_

Contacting the on-call EE may be done ustng several
methods described tn the following subsections.
Durtng normal worktng hours, tt should be posstble to
contact the EE wtthtn a few mtnutes by one phone call.
After-hours procedures have been established wtth the
tntent that the maxtmumresponse ttme for obtaining EE
support should not exceed 40 mtnutes.
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:T_J.F___. r ,ltamtnatton Levels for Notifying
Internal Dostmetry, dpm

Indicator Aloha Emitters _ aeta-/Gamma-Emttters

Nasal or mouth smears Above background Above background

Factal contamination 200 4,000

Skin breaks Any sktn break Any detectable acttvtty
while handling around or on a skin break;
alpha-emitters or detectable acttvtty on
other than a blood smear
sealed sources

Head, neck contamination 2,000 40,000

Contamination inside Detectable activity inside respirator after use.
respirator

(a)
Hands, forearms, clothing

Spotty, loose 10,000 200,000

Airborne contamination Acute exposure equivalent to 40 DAC-hours(b)
after incorporating respiratory protection
factor

{a) Clothingcontaminationlevelsapply to exposurewithout respiratory
protection,such as contaminationlevels on inner coverallswhile
undressing.

(b) DAC-hours - time-integrated exposure to airborne contamination. )

_.LZ_. Contamination Levels for Notifying the
Hanford Environmental Health Foundation, dpm

Indicator .. A1Dh_ Emitters Beta-/Gqlma-Emitters

Nasal or mouth smears 1,000 100,000

Facial contamination 25,000 500,000

Skin breaks 100 20,000
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7.4.1 PreferrQd M_thod ....

Call 376-2222 The preferred method of contacting the EE is to call
the EE Office phone number (376-2222). During working *
hours, the Internal Dostmetry clerk usually answers
the phone. After working hours, the phone is for-
warded to the on-call EE's residence. If no answer is
obtained, waft 5 minutes and try again. Make at least
two attempts, waiting at least 5 mtnutes between each
call. If contact cannot be made by this method, use
one of the alternate methods described below.

7.4.2 Alternate Methods

Radio Pager The on-call EE carries a pager that can be activated
Onsite 85-9901 from a Hanford Site telephone by calling 85-9901.
Offsite 376-4190 (9901) From an offsite phone, the pager can be activated by

calling 376-4190, and entertng "9901" at the tone.
At the cue from the recorded message, enter the phone
number for the EE to call. This method is particu-
larly useful after hours if the EE is not at hometo
answer 376-2222. Expect somedelay in response in
order to allow the EE to reach a telephone.

If no response is received within 15 minutes, contact
the Hanford Patrol Operations Center or the PNL Single
Point Contact and request an alternate EE.

Patrol Operations Call one of the following and ask them to contact
Center or PNL-Single the EE:
Point Contact

Patrol Operations Center: 373-3800
PNL Single Point Contact: 375-2400

Both the Hanford Patrol Operations Center (POC) and
the PNL Single Point Contact have emergency procedures
for contacting the EE, including a radio pager and
alternate contacts.

Cellular Phone The cellular telephone is used at the discretion of
(544-8067) the EE when responding to a radio page. The phone is

not normally carried by the EE.

7.5 EXPOSURE[VALUATORRESPONSI[TO INCIDENTS

This section briefly describes the general EE response
to an internal exposure incident. Further details are
provided in the incident response plan (Appendix E).
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7.5.1 Recelvlno |nclden_ Notification

Upon notification of an incident, the EE Initiates an
incident telephone log (similar to Exhibit 7.2).
Based on the Informatlon provlded by the contractor
and the speclflcally requested services, the EE makes
appropriate emergency notifications, arranges for
appropriate btoassay measurements, and Identifies
additional information that might assist in assessing
the significance of the exposure.

The EE Office does not normally report incidents to
DOEor HEHF. The dec|ston to report to DOEor HEHFis
the responsibility of the contractor, unless other
arrangements have been madewith the EE Office.
However, tf the probability of exposure ts considered
serious enough to possibly warrant therapy, HEHFmay
be informally advised by the EE Office.

The previous statements should not be construed as
restricting the EE Office in any way from responding
to requests from DOEor HEHFregarding the dostmetry
Associated with an incident.

The initial priority of the EE is to obtain the ident-
ification of the workers and the circumstances
surrounding the exposure, determine the appropriate
type of bioassay measurements, arrange for the
measurements, and make a preliminary assessment of the
potential effectiveness of therapeutic measures.

7.5.2 Schedulinq and Performinq Bioassay Measurements

A variety of bioassay measurementsmay be requested.
Someof the typical reasons for requesting certain
bioassay measurements are described in Table 7.3.

The EE arranges to obtain suitable btoassay measure-
ments. The EE establishes priorities for measurement
types and, if necessary, for individuals needing
measurements.

In addition to direct in vivo counts that can be
performed within a few hours of the incident, rapid
processing of excreta samples can provide an analyt-

" ical result within a few hours of sample delivery to
the Lab. With rapid sample processing, analytical
sensitivity is sacrificed for quick turnaround time.
The purpose of rapid processing is to obtain immediate
results to assess the potential need for, or effec-
tiveness of, dose reduction therapy. The EE
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_J_J.LZ_,_. Typtcal Incident ResponseBJoassay Measurements
and Their Purposes

MeqSurement purD_Q ......

Whole body counts Measure activity present in a person at ,
and lung counts a specJftc post-intake time. Multiple

measurements are used to establish the
specific retention pattern in the
person.

Head counts Estimate skeleton burden of bone-seeking
radJonuclJdes. This esttmate is used to
confJm skeleton deposition and to convert
chest count results to lung content by

'r_'' correcting for interference from skeleton
activity.

Organ counts or Measure activity present in a specific
wound count organ or tissue at a specific post-intake

time. Used to esttmate the retentto_l
pattern of the individual.

Urtne samples Estimate excretion rate of radtonucltdes
(simulated 12 h) not readtly detectable by direct in vivo
(simulated 24 h) counting. Internal deposition of such
(total) nuclides is estimated based on standard

models. Multiple samples may be required
to determine the individual excretion
patterns and appropriate excretion model.

Urine samples Provide initial order-of-magnitude estim-
(single voidtng ate of exposure based on excretion model.
or "spot") This measurement is also suitable for

routine and nonrouttne tritium dostmetry.

Fecal samplos Confirm intake. Provide isotope identi-
fication and ratio information. Estimate
dose based on early clearance (may require
multiple samples). Differentiatesoluble
from insolublematerials.
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7.5.2 SchedQlinq and PerfQrmina Bioassav H_asurements (contd)

should determine if tradtng analytical sensitivity for
" quick results is appropriate for dostmetry. Circum-

stances may also warrant rapid processing to provtde
the contractor with preliminary information.

I

Based on tntttal measurements, the EE determines the
need for follow-up bioassay measurements and advises
Field Dosimetry of the needed measurements. In some
cases, it may be appropriate for the EE to arrange
follow-up measurementsdirectly with the worker at the
time of the initial measurements. As information
becomesavailable, the EE advises the cont'actor and
discusses results with workers, if requested. The
intent of the EE function is to work through Field
Dostmetry for all but the most presstng worker
communications.

The EE determines measurementprotocols for incidents.
Someexample protocols are included in the Incident
ResponsePlan (Appendix E).

7.5.3 Dose Assessment Capability

The dose assessment and reporting practices are
described in Chapters 3.0 and 4.0 of this manual.
Summarystatements are provided here because they are
related to incident response.

Dose Sensitivity The IDP has the capability to assess a committed
effective dose equivalent of 100 mrem for all
radionuclides of concern at Hanford. However, in some
cases the ability to do so is contingent upon
obtaining appropriate btoassay measurements (fecal
samples, urine samples, in vivo measurements) within
the first few days post-exposure. For most nuclides,
if early data are obtained within the first few days
following exposure, the dose assessment capability
is 10 mrem or less. The Section 5 exhibits, the
Technical Basis for Internal Oosimetry at Hanford

. (PNL-6866), and Appendix E provide more in-depth
discussion of the capability of bioassay measurements
with regard to dose assessment sensitivity.
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7.5.3 Dose Assessment CaoabtlttY (contd)

Prelfmfnary An tntttal assessment of the magnitude of a
Dose Assessment potential tnternal exposure or dose ts made as soon as "

the data perm|t. Because the circumstances of each
tnternal exposure are different, tntttal estimates may
be Inaccurate. In general, when btoassay measurements o
confirm an intake, follow-up measurementsare requtred
to esttmate an tnternal dose accurately. Early
estimates of an exposure should be considered as
order-of-magnitude estimates only.

Initial assessments are normally communicated dtrectly
to Fteld Dosimetry wtthout a formal evaluation and
transmittal letter. A preliminary dose assessment
letter is provided, if requested by the contractor.

Final Dose Ftnal dose assessments are issued when sufficient
Assessment data have been obtained to confidently estimate the

doses required to be reported to 00E. These dose
assessments becomepart of the permanent REX ftles.

7.6 GUIDANCEFOREXPOSUREEVALUATORRESPONSETO INCIDENTS

This section provides general guidance for EE
responses to someanticipated situations. It is
not intended to be an all-encompassing statement of
EE response, nor is it intended to replace other
contractor and EE policies, procedures, or
requirements.

7.6.1 Hanaaina Externally Contaminated Uninjured Workers

The incident contractor is responsible for the
managementof externally contaminated uninjured
workers. Normally, workers should be decontaminated
before being released from the facility. If external
contamination is detected on workers at the [VRRF, the
EE, RPT, contractor, and IVRRF staff must determine
the course of action. The IVRRF is not used as a
decontamination center, and workers with removable
contamination should not be counted until such con-
Lamination has been removed.

Clothing or personal items discovered to be contami-
nated in surveys made at the IVRRF or EDF are bagged
and dispositioned according to the contractor
instructions. Normally, the contractor radiation
protection organization deals with these items.
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7.6.2 Hanaqtno Externally Contaminated Injured Workers

, The primary responsibility for managementof all
injured workers, whether contaminated or not, ltes
wtth HEHFor the responding paramedic team. When
dealing with contaminated workers, the EE supports

" HEHFby providing advice tn matters of dostmetry for
the patients and attending staff. The decontamination
of an injured worker is HEHF's responsibility,
although the EE or RPT may be requested to assist in
the decontamination efforts. HEHFalso determines the
priority of medtcal treatment versus decontamination.

The EDF is the factltty designated to receive contami-
nated injured workers who do not have life-threatening
medtcal conditions. It is HEHF's responsibility to
decide whether to treat a worker at a first-aid
station, the EDF, or to send the worker to a hospital.

Whennotified of EDF activation, the EE _rranges for
PNL Radiation Protection support at the .DF. In
addition, an EE is dispatched to the EF to
participateas part of the treatment!dam. A second
EE may also be sent to assist. In additionto patient
dosimetryevaluation,the EE also provides initial
radiationprotectioncoveragefor the team until RPT
supportarrives. The overallresponsibilityfor all
EDF-relatedactivitieslies with the lead HEHF
physician.

If decontaminationeffortsfail to completelyremove
personalcontamination,it may be appropriateto
release a worker with residualskin contamination.
This decisionmust be made by the contractor
representative. Under such circumstances,the worker
should be advisedof appropriatetechniquesto limit
the potentialspreadof contaminationafter his/her
release. Such techniquesmight includethe use of
shower caps, gloves,bandage,etc., to provide a
barrieragainstcontaminationspread. In addition,it
is suggestedthat the worker be advisedwhen spread of

- contaminationwould not be a significantconcernupon
his/herrelease. In some cases, home surveysmay be
appropriateand are the responsibilityof the event
contractorand the worker'semployer.



•_mtion 7.0

i,,,,d: 12/93 supamdu:7/89 eNL-MA-55Z eqW 12 of 16
II I l I UIH UII I i I IIIIU'II I I I III I I I IIH I

7.6.3 T_klnq TheraDeutic Measures to Reduce Internal Dose

Therapeutic measures to reduce dose are the
responsibility of HEHFOccupational Medicine. These
methods may tnclude the use of vartous drugs (e.g.,
dtethylenetrtamtne pentaacetic acid [DTPA], potassium
iodide, alginates, or diuretics) and surgical
techniques (minor tissue excision, wounddebrtdement).
The EE advises HEHFof the potential effectiveness of
various treatment alternatives to reduce dose, and
informs HEHFof the potential internal dose to
patients as subsequent btoassay data becomeavailable.

7.6.4 Releasina Workers Followlna an In_idenf;

The initial btoassay measurements that are necessary
following an incident should be performed before the
worker is released. The personal comfort of a worker
is considered if extensive hold-over following a
workday has already occurred or if discomfort occurs
because of injury or extensive counting times. Actual
measurements for the initial worker assessment should
not normally require more than about Z hours at the
IVRRF. If more than one worker is involved in an
incident, thts time could be extended, or workers may
be requested to return for additional counts at a
1ater ttme.

Whenworkers involved in an incident are initially
ceunted or treated, a contractor representative should
be present. Thts representative bears the
responsibility for release of the worker and for
dealing with the worker's questions about overtime
compensation, when to return, and other pertinent
questions. The EE addresses, to the extent that the
available data allow, questions about the worker's
potential internal close and arranges for necessary
excreta samples.
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7.6.5 As$1$ttnq tn Externa] Radiation ExDosure Situations

" If the contractor requests spectal assistance
regarding an external radiation exposure tnctdent or
concern, the EE arranges for the Hanford External

, Dosimetry Project to provtde thts assistance.

7.6.60ffs|te Assistance Reauest

[f the EE recetves a request for assistance from a
non-Hanford source, the EE attempts to determine the
nature of the requested assistance and to direct the
inquiry to the appropriate authority. Spectftc
requests for Hanford servtces are dtrected to RL.
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EXHIBIT 7.1

Checklist for Inctdent Data
P

_[NERALINFORMATION
• Description of tnctdent- one or two sentences and date and time of fnctdent
• Locatton of tnctdent (area, building, room) o
• Personnel tnvolved (name, payroll number, Job tttle, and address for each

person).
INTERNALEXPOSURE-RELATEOINFORMATION

• Retatn any object caustng contamination for poss|ble Investigation
• Radionuclldes
• Fom of matertal (wet/dry, chemtcal form, soluble/Insoluble)
• Mode of tntake
• Respiratory protection (type, evtdence of leakage)
• Nasal, mouth, or blood smear results (dpm)
• Factal contamination level (dpm)
• Other sktn contamination (dpm)
• Clothtng contamination (dpm)
• Area contamination (dpm)
• Atrborne activity concentration (_Ct/cc)
• Correlation of contamination levels to potential exposure of worker.

EXTERNALEXPOSURE-RELATEDINFORMATION
• Radtonuclldes (or type and energy of emission)
• Source activity
• Source geometry
• Estimated dose rate (type of instrument and distance)
• Penctl dosimeter reading or pocket alamtng dose Integrator (PADI) dose
• Ouratton of exposure
• Worker posttton relattve to source
• Shielding around worker
• Shielding around source
• Anticipated delivery of dosimeters for processing.

CRITICALITY EXPOSURE-RELATEDINFORHATION
• Howdetected?
• Numberof workers exposed?
• Quick sort performed? Results of gut readings?
• Readings on worker personal effects

- Item, reading
- Instrument used, efficiency and background
- Elapsed time between criticality and readtng

• Orientation and distance of worker to critical assembly
• Any immediate symptoms?(describe)
• Fisstle material
• Shielding material and thickness
• Current status of area; any chance for recurrence?
• Environmental release?
• Have nuclear accident dosimeters (NAOsor "cand]es") been collected?
• Have w6rker dosimeters been collected?
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EXHIBIT 7.2
Inctden_ TeleDhone Leo

" PACIFIC NORTHNESTLABORATORY
RICHLAND,WASHINGTON

- RADIATIONINCIDENT- TELEPHONEREPQRT

Date of Report Unusual Radiation
Exposure Report No.

T4me of Report
Contractor Inctdent No.

Report by .......

Contractor

me_omwol.lmm_m_o,m_

Emolovee PR#/Code - SS# Job Title/Oral1; Addres}

,_ I' ii ii i i : i i:1

_, i_ i i i , i ul:,ll i:11 i ii

._' i | ii IHI,I __ i

5'I_ llllll I I I l I lllllllll II l Ill i ii i fill

ii i , ,H| i i

Inctdent Date Ttme Bldg. Area

Inc4dent Description:

RADIATIONMONITORINGRESULTS

I_LTLEB_, EXTERNAL
. Emttter Isotope Source Emttter

Modeof Intake Type of Radiation
Chemtcal Fom Penct]

Net or Dry Dose Rate
" Skin Contam. Ttme

Dtstance
Nasa] Smears Locatton

Rtght Orientation
Left Shielding

F]oor Contain.
Atrborne Contam.
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EXHIBIT 7.2 (contd)

ACTIONTAKENBY:
iii

t

r. Scheduled Da.te/Ttme
Interllal Date/Ttmq . Results of Results... ,

Chest Countm

HBC
m i i

Other Count
......m.

__ Spot Urtne Sample

Parttcle Stzem

(Analysts)

DTPAAdministered

__ Dosimeter Spectal
Processing

Verbal Notification

Contractor Representattve By:

Ttme Results

Exposure Evaluator Comments

Ntscel 1aneous

Exposure Eva]uator Date
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8.0 OUALITYASSURANCE

The IDP has been designated as an Impact Level IiI
Project tn accordance with the PNL Qualtty Assurance
(QA) manual, t'l By this designation, the project must

, comply wtth the GoodPractices Standard (GPS),
detailed tn PNL's internal QAManual, and is comttted
to meeting the mandatory good practices.

The QAand quality control (QC) features of the
project are briefly summarized in the following
sections.

8.1 OUALITYASSURANCEANDOUALITYCONTROLFORBIOASSAYANALYSES

Quality assurance and QCfor sample analysts are
assured by the Analytical Services Laboratory's QA and
QCprograms, Internal Dostmetry's laboratory QC
oversight program, and the IVRRF.

8.1.1 Analytical Services Laboratory

The Analytical Services Laboratory (Lab) measures
essentially all indirect btoassay samples and is
required by contract to maintain rigorous, extensive,
well-documented QAand QCprograms.

The Lab is required to maintain a QAmanual that
outltnes responsibilities and also provides require-
ments for data control, document control, maintenance/
test equipment calibration and checks, procedures,
training, corrective action in the event of noncom-
pliance, and traceability to standardizing bodies such
as the National Institute of Standards and Technology
(NIST).

The QCprogram involves analyzing blanks and spiked
samples with each batch of real samples, constant
reviewing of data, and publishing quarterly and annual
QC reports. Approximately 10 to 15%of all samples

> processed are blanks and spikes.

i ill

(a) 1990 internal manual, PNL-MA-70, Pacific Northwest Laboratory,
Rtchl and, Washington.
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8.1.1 Analytical Servtces Laboratory (contd)

The QCsamples are used to demonstrate celq)ltance wtth
requirements specified tn the contract between the
Lab and PNL. The requtrmnts |n the contract are
at least as restrictive, and in sam areas more
restrictive, than the recommendations tn ANSI N13.30-
1989 on perfomance crtterta for radtobtoassay
testtng. These requirements detemtne detection
levels (ill)As) for each radtonucltde and mtrtx, as
well as the allowable btas and required precision of
the results. The Lab must demnstrate that actual
RDAsare no greater than the levels specified tn the
contract and that btas and precision are itthtn
specified 1tmtts.

A11 routtne analyses (t.e., not research and procedure
development work) must be done according to wrttten
and approved procedures.

All technicians must be tratned and certified tn each
procedure before they can routinely perfom the
applicable analysts.

8.1.2 Internal Dostmetry Overstohtof the Lab's Oualtty Control p_oar_m

Internal Oostmetry conducts an Independent oversight
program as a check on the valldtty of the Lab's QC
results. The program consists of a combination of
blank and sptked samples, whtch may be submitted for
analysts as knownaudtt samples (stngle b11nd audtts),
masked for analysts as authentic worker samples
(double bltnd audtts), or spltt wtth another labora-
tory for simultaneous analytical tntercompartson
(spllt samples). The results of the audtt samples are
used to track Lab perfomance relattve to the con-
tractual detection levels tn essentially the same
manner as the Lab's own QCprogram. Thts serves as an
add|ttonal check on the Lab's abtltty to meet ANSI
N13.30-1989 recommendations and requirements of the
contract.

The results of Internal Dostmetry's oversight program
are documentedannually by means of a letter report to
Fteld Dostmetry and to the Hanford Radiation
Protection Historical Ftles. Discrepancies between
the results of the Lab's and Internal Oostmetry's QC
data are Investigated, and corrective acttons are
taken as necessary.
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8.1.30ualttv Assurance of Zn Vtvo Measurements

The QAof tn vtvo measuremepts ts detatled tn the
" Whole Body Counttna Hanual, t*; and tn the OA Plan for

at ly
- equipment calibration and background checks ustng

secondary reference sources and pertodtc calibrations
ustng prtmary sources (t.e., NZST-traceable) tn
phantoms. Zn addition, the ZVRRFparticipates
tn labor_tory tntercompartson studtes, tn whtch sptked
phantomsare sent to nattonal and International facil-
Ities and the results are compared.

The results of workers' counts are tracked on computer
by payroll number and nameand are transmitted to the
REXdatabase weekly. The QAdata are kept tn hard-
copy form tn the IVRRF 11brary. Computer codes are
validated and vertfted according to software test
plans.

8.20UALITY ASSURANCEANDOUALITYCONTROLFORDOSEASSE_;_qENTS

The Intention of the IDP ts for tnternal dose assess-
ments to meet the DOE requirements as stipulated in
the Hanford Stte Radtolootcal Control Hanual (RL 1992)
and DOE5480.11 (1989). The methods used to assess
internal dose are described brtefly in Chapter 3.0 of
thts manual and are addressed more completely tn the
Technical Basts. General ly, the methods are const s-
tent with those recommendedby national and inter-
national authorities, such as the ICRP and the NCRP.

All tnternal dose assessments are performed by IDP
technical professional staff members and tnclude or
reference all methods and data used tn the evaluation.
Documentation of the assessment should be sufficient, i
such that a technically qualified health physicist
could reconstruct the assumptions, methods, and
conclusions of the assessment. Computer codes used

. for dose assessment are vertfted and val|dated
according to code-specific software test plans.

iiimlll

(a) 1990 tnternal manual, PNL-HA-574, Pactftc Northwest Laboratory, Rtchland
Washington.

(b) Lynch, T. P., and L. J. Ethrtdge. 1993. OAPlan for Ooeratton of the
In Vtvo Radtoassav and Research Facility. QAPlan LSC-02.1, Pactftc
Northwest Laboratory, Rtchland, Washfngton.
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8.Z OUALXTYASSURANCEANDOUALITYCONTROLFORDOSEASSESSHENTS(contd)

Before an internal dose evaluation ts issued, tt ts
peer revtewed by a second technical professional staff "
memberto verify tts technical accuracy and complete-
ness. In addition, the evaluation and tts summary
letter must both be approved by the Internal Dostmetry
Project manager and tihe Personnel Dostmetry Section
manager before they are issued.

The original evaluation and a copy of the summary
letter are placed tn the worker's radiation exposure
ftle by _adtologtcal Records staff. The ortgtnal
summaryletter is sent to the designated contractor
dostmetry representative.

XDPstaff responsible for dose assessments have,
either through education or training, basic knowledge
of ionizing radiation and XCRPand NCRPguidance on
internal dostmetry. In addition, they have been
trained on methods described tn thts manual and on the
specific computer codes germane to each dose
assessment that they do. Each new dostmetrtst
undergoes a pertod of apprenticeship commensurate wtth
hts/her experience and education and is determined
ready to perform dose assessments by the XDPmanager.

8.3 INTERNALDOSXHETRYPRO_ECTREC_DS

The records generated by the IDP are maintained in
files within the Personnel Dosimetry Section of PNL.
The IDP manager ts responsible for the designation and
maintenance of these records. Additional information
is provided tn Chapter 9.0, Documentsand Records.
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9.0 DOCUMENTSANDRECORDS

" Documentation related to the services and activities
of the IDP is of two general types: program and tech-
nical assessment. These types of documentation, as

, well as the documentation of changes, are briefly
described in the following subsections.

9.1 PROJECTDOCUMENTATION

Project documentation tncludes a variety of reports
and manuals, which provide information related to the
design and operation of the IDP. Project documenta-
tion ts provided primarily by the following three
documents:

• The Technical Ba_ls for [nterna] Do_imetrv at
Hanford (Sula, Carbaugh, and Sthl 1991), which
includes technical methods, supporting evidence,
and reference information used to provide the
technical foundation for the ZDP.

• The Hanford Internal Dostmetry Pro_ect Manual
(i.e., this manual), which includes a guide to
the services and capabilities provided by the
IDP, including policies, recommendations for
good practice, and general guidance to
contractor dostmetry organizations.

• The Han_gC_ Internal Dostmetrv Procedures
tal

Manual , which includes procedures for the
day-to-day operations of the Project, including
records management,communications, data review,
and exposure evaluation documentation.

These documentshelp provide for the long-term consis-
tency, continuity, and qualtty of the IDP. The pur-
poses of each of the documents and their interrela-
tionships are exhibited tn Figure 9.1. In addition to
these documents, there are a number of ancillary

. reports and documentsthat pertain to specific aspects
of IDP operation. These documentprogram plans,
computer codes, Analytical Services Laboratory
activities, measurement laboratory statements of work,

- and QA activities and are tncluded in the summary ltst
of documentation in Table 9.1.

(a) Internal manual, PNL-HA-565, Pacific Northwest Laboratory, Rtchland,
Washington.
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FIGURE9.1. Documentation of the Hanford Internal Dostmetry Project

9.2 TECHNICALASSESSM[NT.DOCUMENTAT[ON

Technical assessment documentation includes reports
and records that provide information related to the
technical products of the IDP, that is, bioassay
measurements and internal dose assessments. These
assessments may be documented in formally issued
topical reports, letter reports, or as database
entries. A summaryof the types of IDP technical
assessment documentation and their disposition is pro-
vided in Table 9.2.

9.3 DOCUMENTATIONOF CHANGES

Changesmay be made to program documents and to tech-
nical assessment records when new methods are
developed and implemented, new requirements are estab-
lished, or as a result of errors or deficiencies in
practices or assessments. The processes for docu-
menting these changes are provided below.

1
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TABLE9.1. Summaryof Program Documentsfor the Hanford Internal Dosimetry Project
f_

Title or Subject Content Form(a) Custodian , .Storaqe Disposition w
Technical Basis for Technical support 1 IDPI°J PNLtCJ-controlled Permanent

Internal Dosimetry for program
at Hanford (PNL-6866,
Sula, Carbaugh and
Bihl 1991) _Q

g

Hanford Internal Policies, services, 1 IDP PNL-controlled Permanent
le

Dosimetry Project capabilities, and ._
Hanual (PNL-HA-552; recommendations
1989)

Hanford Internal Daily operating 1 IDP PNL-controlled Permanent
Dosimetry Procedures procedures
Hanual (PNL-HA-565)

Whole Body Counting Technical support 1 [VRRF(d) PNL-controlled Permanent
Nanual for the IVRRF Z

Including policies, ¢
services, and
capabi ltties u,

Quality Assurance Goodpractices and 1 PNL PNL-controlled Permanent
Hanual standards for

program operations

Vendor Procedures Excreta analysis and 2 HRRPL(e) Historical Permanent w
Hanual other procedures Files L'I _

o

Vendor contract - Requirements for 1 PNL PNLSubcontracts Permanent oo
statement of work services provided o •

by the Analytical -, o
Services Laboratory
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TABLE9.1. (contd)
I,-i

Title or Subject Content Form(a) Cqstodiao storaqe OiSDosition _

Hanford Dosimetry Committee minutes 1,2 HRRPL Historical Files Permanent
AdvisoryCommittee

Program change record Program change 1,2 HRRPL Historical Files Permanent
documentation and

support i
IeQ

Vendor quality Vendor's quality 1,2 HRRPL Historical Files Permanent ._
Assurance Hanual assurance program GO

tO

Program computer Design and user's 1,2 HRRPL Historical Files Permanent
codes guide to software

implemented by the
• IDP. Also valida-

tion and verification
results.

Quality assurance Audit of Internal 1,2 HRRPL Historical Files Permanent
audits Dosimetry Project ,_(.n

(,/1
I%)

(a) I = hardcopyreport;Z - microfilm
(b) IDP - InternalDosimetryProject
(c) PNL = PacificNorthwest Laboratory

(d) IVRRF = In Vivo Radioassay and Research Facility ((e) HRRPL=Hanford Radtologtcal Records Project Library
(f) Historical Files = Hanford Radiation Protection Historical Files =

411,
S,£)

O •

OD
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TABLE9.2. Summaryof Technical AssessmentDocumentsfor the Hanford Internal Dosimetry Project

i.-i

Fomla) r_Tt tl • or Sub.tect Content Custodl@n S_:oraae Dtsoosit ton

Internal dose Documentation of worker 2 HRRPL(b) Vorker radiation 75 years
assessments dose assessment exposure ftles

Bioassay data Excreta and In vivo 3 HRRPL REXpersonnel file 75 years

measurement results w
c

Excreta labora- Annual letter report of 1,2 HRRPL HIstoF]_al Permanent

tory( |es) annual excreta laboratory Ftles"' I
qua1t ty control tnternal qua1t ty I
for FY 19XXtcJ control samples --

-d

Results of the PNL Annual letter report of 1,2 HRRPL HIstort ca1 FtI es Permanent _0o
QCoversight summaryof IDP qualtty to
program for control audtt sample
FY 19XX program

Vendor laboratory Records and documents 1 Vendor, TIrary storage 75 years
records supporting excreta DOE by vendor; peman-

sample analyses ent storage as raw
records by DOE

I/hole body count- Records and documents 1,2,3 IVRRF(e) Temporary storage 75 years

tng records supporting tn vtvo HRRPL by IVRRF; perman-measurements ent storage by ae
HRRPLas Hi stort c81

l

Ftles _n
u1

(a) 1 = herdcopy report
2 - microfilm and/or optical dtsk storage media
3 = magnetic storage media

(b) HRRPL-Hanford Radtologtcal Records Project Library
(c) Not applicable June 1990 through November1991. Seven laboratories were used during thts period.

Thetr QAsample results were sunmarized in the PNLaudit program letter reports.

(d) Historical Files - Itanford Radiation Protection Historical Files _(e) IVRRF- In Vivo Radtoassay and Research Factltty 0
:J

uI
to

o •
-h c_

Go
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9.3.1 Prooram Chanoe Record

Changes and additions to the IDP are recorded vta the P

Program Change Record. The purpose of the record ts
to documentprogram changes, to assure proper review
of changes, and to help assure that appropriate
notification of the changes are made. The Program
Change Record conststs of the record form shown as
Exhtbtt 9.1 and any attachments Identified on the
form. The change record tncludes a description of the
change and 1is effective date. The records are main-
tatned In the project ftles and by the HRRPtn the
Hanford Radiation Protection Htstortca] Ft]es by year,
according to a sequentially asstgned number. For
example, the ftrst change recorded tn calendar year
1989 ts numbered89-1. Change records are approved by
the IDP manager.

A Program Change Record is used to document changes to
policies, practices, assumptions, analytical and
computational methods, technical assessment
techniques, and recording and reporting practices.
Types of changes for whtch the record ts used |nclude
those that

• affect the qualtty, meantng, accuracy, or tnter-
pretatton of btoassay measurements or dose
assessments

• alter procedures used to perform btoassay
measurements

• affect the cost or scheduling of internal dost-
merry servtces provided by PNL

• alter generic practices, techn]ques, or
assumptions

• affect the manner tn whtch tnternal dostmetry
information is recorded or reported

• supersede Information previously documented.

9.3.2 Revtston/UDdate of Pgcuments and Hanuals

Changesmay be made to Information tn documents and
manuals at any ttme. Before the change can become
effective, however, tt must be documented via etther a
Program Change Record, or by revtston of the document
or manual. It ts often most efficient to Initially
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9.3.2 Revtslon/Uodate of Documentsand Manuals (contd)

, document the change via a ProgramChange Record and
reserve the optton to revtse the document after
several changes have accumulated.

• 9.3.3 Revtslon of Technical Assessments

Modifications to technical assessments are documented
as follows:

• Dose Assessment- A revtsed Evaluation Report ts
prepared wtth a copy to the contractor dostmetry
representative and a copy to the worker's
radiation exposure file. The revtsed evaluation
ts Identified ustng the Evaluation Number
sequence described tn Sectton 3.2.2.

• In Vtvo Measurement - A nottce of correction to
an in vtvo record ts tssued by the IVRRF staff
in the form of a letter to HRRP. The correction
letter describes the reason for the change and
the new result. The ortgtnal correction letter
is filed in the worker's radiation exposure
ftle.

• Excreta Measurement - A notice of correction to
an excreta REX record is issued by the
generating laboratory to Internal Dosimetry.
The correction is reported verbally and tn
writing. Internal Dostmetry submits the
correction to Dosimetry Records data processing
personnel, and the origtnal notice is ftled tn
the worker's radiation exposure ftle.
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Exhlblt 9.1

Chang_ Record Number:
Issue Date:

PRO6RANCHANGERECORD
HANFORDINTERNALDOSIMETRYPROJECT

Category: WBC Btoassay Lab Other 2

Change t t tl e: [ffect t ve date:
(descriptive phrase)

Description:
(State the reason for and describe the change. Try to
keep the description brief by referencing manuals,
reports, letters, etc., when possible. Include as
attachments any supporting information not referenced.)

(use attachments or additional pages if necessary)

Impact:
(Briefly state the effect the change will have on pro-
gram qualtty, operation, cost, etc.)

(Use attachments or additional pages if necessary.)

Supersedes (tf manual, provide page and section):

Originated by: Date:
Project Manager:
Technical Group Le'ader:

Notification (copies sent to):

OREhistorical file Responsible Proj. Mgr. Internal Dostmetry file
Int.Dos.Staff (route) IVRRF Staff (route)

(List namesand affiliation of others not covered by the above distribution
list who shou]d receive a copy of this change record.)
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APPENOXXA

,p

ORALREPORTINGAND SCREENINGLEVELSFORB]OASSAYMEASUREMENTS

" This appendix lists the levels of routine bJoassay
measurementresults that initiate response by ]nternal
Dostmetry, according to practices discussed fn
Chapter 2.0. The bioassay measurement laboratories
provide prompt verbal notification to [nternal
Oosimetry for any results that exceed the oral
report|ng level. Results reported to [nternal
Dosimetry are compared wtth the screenfng levels tn
Tables A.1 through A.4 to detemJne Jf additional n
investigation or initiation of the dose assessment
process Js required.

Oral reporting levels are specified Jn the bJoassay
laboratory statements of work (SOWs). Excreta samples
processed using routine processing codes have numeri-
cal values specified for the oral reporting level.
Al1 excreta samples processed using priority, expedite
or emergency processing codes are verbally reported to
Internal DosJmetry. The oral reporting level for any
Jn vJvo measurement ts the detection of any radio-
nuclide other than 4°K.

Screening levels for bJoassay measurements are listed
as follows:

Table A.I. Transurantcs and 9°Sr Urinalysis
Table A.2. TrttJum Urinalysis
Table A.3. Uranium Urinalysis
Table A.4. In Vtvo Heasurements



season Appendix A
,reed, 12/93 s,pe,._,,,. 7/89 mL-MA-552 Page 2 of 5

...................... II II I ....... II I I I I I ._ I I

I_).F;_A_. Transurantc and S°Sr Urinalysis Oral Reporting and
Screening Levels and Their Basis

t

Oral Reportt ng Screentng Basts for
Btoassav Measurement Level _.JJUIJLl_ Screening Level

w

Routine urine analyses results (per simulated 24-h sample unless noted)

ZaSpu (IFU) 0.01 dpm >Lc Detected acttvtty (')

z39+Z4°pu (IFU) 0.01 dpm >Lc Detected acttvtty (a)

zsg+Z4°pu (IPUL) 0.003 dpm >Lc Detected acttvtty (a)

Z41AIll 0.01 dpm >Lc Detected acttvtty (')

242Cm 0.01 dpm >Lc Detected acttvtty (a)

z4s+Z44Cm 0.01 dpm >Lc Detected acttvtty (a)

SOsr
Easeltne 5 dpm >Lc Detected acttvtty (a)

Biennial 5 dpm 11 dpm 10 mrem/y
(31 mrem CEDE)

Annual 5 dpm 26 dpm 10 mrem/y
(68 mrem CEDE)

(a) Any result >Lc potentially indicates that a first-year effective dose
equivalent could exceed 10 mrem.

o
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_. Tritium Urintlysts Oral Reporting and Screening Levels
and Their Bastst=_

Oral Reporting Screening Basis for
Tritium Measurement Level Level Screentno Level

Baseltne 10 dpm/mL >Lo Detected acttvtty (b)

400 Area basel tne 10 dpm/mL 40 dpm/mL Elevated 400 Area
background

Multtple acute scenario
Biweekly routtne 10 dpm/mL 110 dpm/mL 10 mrem/v(=)
Monthly routine 10 dpm/mL 80 dpm/mL 10 mree_/y(d) ,
Supplemental monthly 10 dpm/mL 800 dpm/mL 100 mrem/yL'J

Chronic equilibrium 310 dpm/mL 10 mrem/y

Single acute scenario 10 mru/intake
Days post- intake

1 10 dpm/mL 7,400 dpm/mL
2 10 dpm/mL 6,900 dpm/mL
3 10 dpm/mL 6,400 dpm/mL
7 10 dpm/mL 4,900 dpm/mL

14 10 dpm/mL 3,000 dpm/mL
30 10 dpm/mL 990 dpm/mL

Single acute, in addition 20 mremtotal
to a lO-mrem chrontc average

Days post acute intake
1 10 dpm/mL 7,700 dpm/mL
2 10 dpm/mL 7,200 dpm/mL
3 10 dpm/mL 6,700 dpm/mL
7 I0 dpm/mL 5,200 dpm/mL

14 10 dpm/mL 3,300 dpm/mL
30 10 dpm/mL 1,300 dpm/mL

ii i

(a) Annual and committed effective doses are identical for tritium.
• (b) Indicates past tritium exposure. The potential source and dose need to

be considered for possible inclusion in lifetime dose estimate.
(c) Assumes26 equally spaced intakes per year to give 10 mrem dose. No

consideration given to buildup of tritium levels in urine.
, (d) Assumes12 equally spaced intakes per year to give 10 mrem dose. No

consideration given to buildup of tritium levels in urine.
(e) First-year dose could potentially exceed 100 mrem; therefore, a change to

biweekly sampling is recommendedfor closer monitoring until results fall
below the biweekly screening level.
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I/_.LA_. Uranium Urinalysis 0rai Reporting and Screening Levels
and Thetr Bast s

0ral Reporttng Screentng Basts for
Urantum Measurement Level _.[JLYJLI__ Screenlna Level

b

Isotoptc uranium (IU),
st

-"'"1123s_+,z,ted 24-h sample 0.15 dpm 0.15 dpm Background level
S4U O.15 dpm O.15 dpm Background level

ZlSu 0.01 dpm >Lc Detected acttvtty (a)

Insoluble uranium
Elemental mass analysts, (U)

Simulated 24-h 0.2 .g 0.2 .g Background level
Simulated 12-h 0.2 .g 0.2 .g Oral reporting

1eve1_"'
Stngle votd Any result 0.14 pg/L (Q) Background level

Soluble uranium
Chronic or multtple acute

exposure, QUSanalyst_
simulated 12-h sample (e)

Monthly 4 ,g 4 ,g Chemical toxicity..
Btweekly 4 ._lf_ 11 .g Chemtcal toxtctty lel
Annual Revtew N/A'' 1 ,g(g) 10 mrem/y (CEDE)

Infrequent (stngle acute)
exposure potential,
simulated 24-h sample

Quarterly 0.2 .g 0.5 .g 10 mrem CEDE
Quarterly

Supplemental 0.2 .g 2.5 .g Chemtcal toxtctty (e)

(a) Any result >Lc potentially indicates a first-year effective dose
equivalent could exceed 10 torero.

(b) Oral reporting level ts contractually the same as for simulated 24-hour
samples. Screening level for 12-hour samples is numerically the same as
for 24-hour samples, but extrapolation to a daily excretion tmpltes a
less sensitive datly screening level of 0.4 ,g/day.

(c) Based on background level of 0.2 ,g/day divided by reference man daily
urine excretion rate of 1.4 L/day.

(d) Assumes36 hours of absence from exposure potential prior to sampling. *
(e) Levels shown indicate a potential acute intake at one-third of the

assumedthreshold for acute chemical toxicity.
(f) Not applicable.
(g) Geometric mean value for all routine samples related to chronic exposure

in a year.
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_J,[_A,__. Oral Reporting and Screening Levels for Routtne In Vtvo Btoassay
Measurements and Thetr Basts

" Oral Report tng Screen1ng Basts for
I_JoassavMeasurement ...... L_vel _ Screening Level

P

Ba_oellnewhole body exam 200 net 200 nCt Environmental (a)
Other radlonuclldes >Lc >Lc Unknownsource

An_oUKalwhole body exam 200 nCt 200 nCt Environmental (a)

a°Co >Lc 12 nCt 10 torero/y!b)
(28 mrem_I_DE)

Z37Cs(wtth 9°Sp) >Lc 9 nCt 10 mrem/ylaJ
(42 mremCEDE)

Z37Cs(only) >Lc 20 nCt 10 mrem/y
(10 mrem CEDE)

ZS4Eu >Lc 8 nCt I0 mrem/y(d)
(35 mrem CEDE)

ZSSEu >Lc 4 nCi 10 mrem/y (d)
(35 mrem CEDE)

)

Other radionuclides >Lc >Lc Unknownsource

Ch)_t count
Eu >Lc 8 nCi 10 mrem/y(d)

(35 mrem CEDE)

;SSEu >Lc 4 nCt 10 mrem/y(d)
(35 mremCEDE)

Other radtonuclides >Lc >Lc Unknownsource

Thyroid count (quarterly frequency using germanium detector)>Lc 4 nCi 10 mrem/y(e)JL

(10 mrem CEDE)

Potassium-40 in th)n general public ranges up to about 200 nCi.
I_)I Assumesaclass Y"_Co Intake.

. (c) Assumesa class D intake mtxture of equal activities of Z37Csand 9°St.
Tf the subject is on a routtne monitoring program for 90St, or iS not
subject to "°St exposure, then the screening level for 137Cs. JS more
approprt ate.

(d) Assumesan acttvtty ratio of 2:1 for ZS4Eu:ZSSEuat tntake.
(e) Based on potential exposure each quarter with a possible dose of 2.5 mrem

each quarter.
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APPENDIXB

" KEY TO SELECTEDFIELD CODESUSEDIN THE

RADIATIONEXPOSURECOHPUTERDATABASE(REX) k

This appendix provides an explanation of selected data
field codes used in the Radiation Exposure (REX)
database that are pertinent to the Hanford Internal
Dosimetry Project. The REXdatabase includes online
helps which provide an interpretive key to the fields.
The listings In this appendix are not necessarily
complete or current; they are provided as helps for
use when computer access may not be readily available,
such as when reviewing hardcopy printouts or reports.
The most current ltstings can be obtatned directly
from REX, or by contacting the Hanford Radiologtcal
Records Project database administrator.

Information concerning codes used in the Former
Occupational Radiation Exposure (ORE) database system
may be obtained from the Hanford Radiological Records
Project.

r

Table Title

B.I ContractorCodes
B.2 Sample Type Codes
B.3 BioassayReason Codes
B.4 ExcretaSampleKit Codes
B.5 ExcretaProcessingand No-SampleCodes
B.6 Unit Codes
B.7 IsotopeCodes
B.8 AnalysisType and Multiple Result Codes
B.9 Btoassay Frequency Codes
B.IO In Vivo Body-Location Codes
B.11 In Vivo Detector Codes
B.12 In Vivo Schedule-Type Codes

. B.13 In Vivo No-Result Codes
B. 14 INTERTRACMode-of- Intake Codes
B.15 INTERTRACEvaluation Reason Codes
B.16 INTERTRACSource-of-Intake Codes

- B.17 INTERTRACMiscellaneous Codes
B.18 Person Codes
B.19 Excreta Laboratory Codes
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TABLEB.1. Contractor Codes

Code _Qn)r_ctor, .

AA DuPont, General Electric, ITT Support Services

BB Isochem, Atlantic Richfield, and Rockwell Hanford Operations

BC BCSRtchland, Inc.

CM Environmental ManagementOperation (PNL)

CO Corps of Engineers

DE AEC, ERDA, DOE(Early service crew, FBI, Army, BPA, etc.)

FF Computer Sciences Corporation

GT General Telephon_ Company

HF Hanford Environmental Health Foundation

HH Douglas United Nuclear, United Nuclear Industries, UNCNuclear
Industries

KE Kaiser Engineers Hanford

KK AII-Vitro Engineering Division, Braun Hanford Company
PN Battelle - PNL

PP Washington Publtc Power Supply System (visiting UNC)

SS Shippingport and Shippingport subcontractors

TT JA Jones Construction, George A. Grant, Combustion Engineering,
subcontractors

US US West

VV Westinghouse Hanford Company(WADCO/HEDL)

WC Westinghouse Hanford Company



s,,D_on Appendtx B
I,.u_: 12/93 supe.._.,: 7/89 PNL-MA-S52 P,_, 3 of 24

I I II I I

_. Sample Type Codes

- Code , Sample Tvoe

B Blood

. F Feces

S Sputum

T Ttssue

U Urtne
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_J_;_L._. Btoassay Reason Codes

Code Name DescrtDtioq .

BL Baseltne Measurement is performed to establish a reference
level against which subsequent measurements will be
compared. Generally, this may be for new employees,
or for established employees, prior to commencingwork
with radioactive materials, beginning a specific type
of radiation zone work, or making an offstte trip
where potential internal exposure could occur.

PR Periodic Measurement is performed at a regularly scheduled
Interval.

EA End of Measurement is performed following completion of
Assignment specific work assignment, but not end of employment.

SP Special Measurement is perfomed as part of a specific
investigation of potential internal dose. May include
response to off-normal work conditions, or follow-up
of abnormal periodic measurements.

CR Contractor Measurement requested by employer for reasons other
Request than periodic, baseline, end work, or special

investigation.

RA Reanalysis A First reanalysis of sample by taking another aliquot
and repeating the same radtochemical or chemical
analysts.

RB Reanalysis B Second reanalysis of sample by taking another aliquot
and repeating the same radiochemical or chemical
analysts.

R1 Recount 1 First recount of original excreta sample or repeat
in vivo exam.

RE Recount 2 Second recount of ortginal excreta sample or repeat
in vivo exam.

QR Quality and Measurementperformedas part of qualitycontrol,
Research qualityassurance,or researchwork.

TM Termination Final bioassay at terminationof employment.

12 Contract In vivo measurementperformedunder contract to
Work customersrather than Hanfordemployees.

20 Source Count In vivo source count made for system calibrationor as
a function check, usually using a known check source.

30 Background In vivo system background measurement performed for
Count system calibration or as a functional check.
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I_J.L___. Excreta Sample Ktt Codes

* Kit (;:;ode SamDle Medtum Sample DescrtDttoq

1 Urtne Simulated 24-hour urtne collection. Collected
at home over a 2-day pertod. Used for routtne

" sampling and when a larger volume sample ts
destred. Designated sample date ts the day
after ktt deltvery to the employee.

2 Urine A 12-hour urtne collection for termination
sampling only. Collected at homeovernight.
Designated sample date ts the date of scheduled
kit ptckup from the employee. Scheduled deltvery
is the day before the sample date.

3 Urtne Total 24-hour urtne collection. Collected at
homeand at work (if necessary) to collect ALL
urine voided during a 24-hour pertod. Generally
used for sampltng Immediately following an
occurrence or for work restriction sampling.
Designated sample date is the day after deltvery
or the date on whtch the sample collection began.

4 Urine Single void (spot urtne) collection. Collection
in a single bottle, used for inittal indications
of an intake. Designated sample date ts the date
of voiding.

5 Feces Collection of a single fecal voidtng usually for
investigation of a potential tntake. Rapid or
priority processing. Sample date is the date
on which the samp]e is co]]ected. Schedu]ed
delivery is the day before the samp]e date.

6 Urtne Partia] day or simu]ated 12-hour co]]ection.
Usua]ly col]ected at homeovernight. Used for
co]]ection fo]]owing an occurrence or when a
]arge vo]ume urtne samp]ets not necessary,
such as for tritium or uranium determination.
Designated sample date is the date of de]tvery
to the emp]oyee.

. 7 Urine Simu]ated 12-hour co]lection Sunday-Mondaysample
(Friday de]ivery only). Genera]ly used for
uranium workers. Designated samp]e date is the
Sunday in the samp]ing period.

J

8 Feces Co]lection of a single feca] voiding used for a
specia] program for plutonium oxide workers.
Designated samp]e date for shift workers is the
Tuesday of ]ong shift change, and for day workers
is the appropriate Sunday.
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K4t Code SamDle Hed4um Sample Descr4Dt4on

9 Urtne Ktt destgned for collection of urtne outstde the
local servtce area. Transportation ts handled by
private carrter. Generally used for temtnatton
samples not collected locally.

A Urtne Simulated 48-hour urtne collection. Collected at "
homeover a 4-day pertod (ktt usual]y de]tvered
Honda),and ptcked up Frtday). Used for large-
volume, low-level tsotoptc plutonium analysts
(IPUL). Designated sample date ts the mtdpotnt
of the collection pertod (usual]y Hednesday).
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_J.[__._f. Excreta Processing Codes and I1o-Smple Codes

• Processing
CodQ Description

R Routtne processing

P Prtortty processing

X Expedtte processing

E Emergencyprocessing

No Sample
Cod_ DescrtDtton

NS Ktt retrieved but no sample provtded by worker
("no sample")

LL Sample lost during laboratory analyses ('lost-In-
lab")

IS Sample provided by worker but volume insufficient to
meet contractual requirements ('Insufficient volume")

LC Sample kit not retrieved ("lost container')

CT Sample lost due to bioassay analysis contract
termination

C5 Sample/analysi s cancelled

KN Sample ktt not out at ttme of scheduled pickup

ND Sample scheduled but kit never delivered
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____.. Untt Codes

Computer o
l_ode Unlts ....

1 dpm/sample

2 dpm/volumeanalyzed "

3 /_cj/L untt1 07-01-82
_j/smple after 07-01-82

4 /_g/grw untt1 07-01-82
/_cj/smple after 07-01-82

5 _ClIL

6 _Cl/L

7 nCt (nanocurtes)

8 _CI (mlcrocurles)
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_j,_.J._. Isotope Codes

• Hulttple Hulttple
Result Code ]sot;oDe Result Code

AM241
- C 14 NP237

CE144 P8210
CNZ4Z PM147
CH244 P0210
CS137 PU
CO 60 PUZ38
EU154 PU239
EU155 PU240
EU156 PU241
GS PU242
H 3 QUS H
I 131 RA224
IAH A RA226
IBK B RAZZ8
ICF C RUI06
ICN O SR r
IES E S 35
IEU F
IPA J
IPS P
IPSA L SR 89
IPSR N SR 90
IPU Q TAC
IPUB N TC 99
IPUBA Z TH228
IRA R TH230
IR192 TH232
ISCP S TH234
ISPEC W U
ISR Y U DEF
ITH T U 233
ITPAC K U 235
IU U U 238
IUPA V US
IUPU 0 ZN 65

. K 40
LEPD *
MFP
MN S4

" HA 24



Appendlx B

Ira.d: 1Z/93 s_.,._,.: 7/89 mC4JA-552 _ 10 of 24

I_J, LL.a. Analysts Type and Nult|ple Result Codes for Excreta Samples

Nulttple
Result Computer

Oescrtotton Code Code Results Renorted .....

Pu tsotoptc Q IPU Z3SPu z39'Z4°put o

Gammaspectroscopy W ISPEC 4°K, Z37Cs,and others

Gammaspectroscopy * LEPO Z41Am

Seq. Pu isotopic, K ITPAC Z3SPu,z3s'Z4°pu,z4XAm,Z44Cm,Z4ZCm
AmIsotopic, Cm

Seq. S°Sr, Ce, Pm S ISCP 90St, 144Ce, 147pIII

Seq. St-total, I SCP St, Z44C,14Zpm
Ce, Pm

Cm isotopic D ICM Z44Ca,Z4ZCm,and others

Eu isotopic F IEU ZSZEu,154Eu, lSSEu

U isotopic U IU 233'Z34pu,Z3Su,Z3SU

Seq. Pu, 9°Sr P IPS Z3SPu, 239'24°pu, 9°Sr

_4_ Pu Isotopic, J IPA Z3Spu, z39"?'4°pu, z41AIg

Seq. Pu isotopic, H IPSR Z38pu, Z39'24°pu, Sr
St-total

Seq. Pu isotopic, L IPSA Z3epu, Z39'Z40pu, St, z41_UII
Sr-total, Z41Am

Sr tsotoptc Y ISR 89Sr, 9°Sr

Pu isotopic, Z41pu N IPUBA Z3Spu,z3s'Z4°Pu,Z41pu

t_ iSOtOpiC, 241pu, Z IPUBA Z38pu, z39'Z4°pu,241pu, z41Anl
Am °

Pu Isotopic/U-natural 0 IUPU Z3Spu,z3s'Z4°Pu,U

U-natural (soluble) H QUS U
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:T_J_JJ. (contd)

lqultlple
Result Computer

Descrtot|on _ _._oJ;LL_ Results Reoorted ....

• Th |sotop|c T OTH ZZeTh,ZS°Th,ZSZTh

Ra tsotopJc R ]RA ZZ4Ra,ZZSRa

Seq. Amand Cm ACH 241AIIl, 242Cln, 243'244Cm

Jsotoptc

Seq. Amand Cm 1CA Z41Am,Z4ZCm,z4s'Z44Cm
tsotop|c (used from 6090 to 10-91)

Low-level tsotopJc Pu ]PUL z34'Z4°pu
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1_d_._B_. Btoassay FrequencyCodes

Computer
Freauencvof Btoassav

A Annual
6

B Btenntal (every 2 years)

0 Spectal day

F Ftve years

Q Quarterly

S Semtannual

M Monthly

W Weekly

X BIweekly (every 2 weeks)
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TABLEB.IO. In Vtvo Body-Location Codes

" Computer
(;:ode......... Body [ocatton

CH1 Chest result
O

CH2 Chest result corrected by ultrasound masureRnt
of chest wall thickness

LG1 Lung result. (Chest result corrected for
skeleton burden Interference.)

LG2 Lung result. (Chest result corrected for
skeleton and 11vet burden Interference.)

ABD Alxlomen

KNE Knee

TRT Throat

HND Hand

SPL Spectal

THX Thorax

SK1 Skeleton result based on a head count

SK2 Skeleton result based on something other than a
head count

WBD Whole body

WND Wound
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TABLEB.11. In Vtvo Detector Codes(`)

• Type of DeteG_g_
w

New LC System Effective 1-1-92

UA One 4" x 11" and four 4" x 9" NaI detectors

VA IG(b) lung count 6 PGTs0.25 keV/ch Iron Room
VB IG lung count 4 PGTs0.25 keV/ch iron Room

WA !G lung count 6 CIs 0.25 keV/ch stainless
WE !G lung count 4 CIs 0.25 keV/ch stainless

OA One 4" x 4" x 8" and ftve 4" x 4" x 16" Hal detectors
IA Four coaxial GE detector scan tn Utah Room

JA Stngle planar IG detector wound count

QA Two planar IG detector head count

RA Ltver count using three planar !G detectors

JA Thyrotd count using two planar IG detectors

Codes Used Prtor to 1-1-92

U2 Stand-up whole body count keeptng the spectra
from the five detectors separate (four 4" x 9"
and one 4" x 11")

V5 IG lung count 4 PGTsat 0.25 keV/ch

V6 IG lung count 6 PGTsat 0.25 keV/ch

V7 IG lung count 4 CIs at 0.25 keV/ch

I3 Three coaxial - 60%, 69_, 66.3% detector
scan tn Utah Roomat 1.5 keV/ch

I4 Four coaxial - 59.4%, 69%, 66.3%, 77.1% detector
WBCscan tn Utah Roomat 1.5 keV/ch

Q

02 Remote counter 4" x 4" x 16" and a 4" x 4" x 8"
NaZ

I4 Four coaxial - 59.4%, 69_, 66.3%, 77.1% stationary
lung count in Utah Roomat 1.5 keV/ch

01 4" x 4" x 16" collimated scan 2" slit UTAH
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TABLEB.11. (contd) ....

Code Type of Detector
P

C_de_ U_ed prior to 1-1-92 (contd)

- 32 Woundcount using one IG detector at 0.25 keV/ch

11 Woundcount using one coaxta] detector

Q1 Head count using two IGs on forehead at 0.25 keV/ch

31 Woundcount using one IG detector at 0.5 keV/ch

V4 IG lung count 6 PGTsat 0.25 keV/ch
Pre 9/89 ca]

$1 Shadowshield scan count 6" x 11" NaI

G2 Mobile shadow shield 4" x 11" NaI detector

$1 Shadowshield counter used as clothing counter
6" x 11"

I2 GeLi detectors 24% and 34% used for lung counting
for high-energyemitters

Vl IG lung count 6 PGTs at 0.50 keV/ch

V2 IG lung count 6 PGTsat 0.25 keV/ch

E1 Phoswich thyroid count for I125

Q2 Thyroidcount with two IGs at 0.25 keV/ch

J1 Thyroidcount with one PGT IG (at Sequim) at
0.5 keV/ch

UI Stand-upwhole body count using sum of five detectors
(four4" x 9" and one 4" x 11")

• 02 Head count using three IGs from one side

QI Head count using two IGs on foreheadat 0.5 keV/ch

• DI Wound count using thin Nal detector



seouon Appendix B
I,.u_: 12/93 sup,m_: 7/89 PN_MA-552 eq, 16 of 24

i i i

TABLEB.11. (contd)

Cod_ Type of pete_tQr
4

Codes Used Prior to 1-1-9_ (contd)

al Lymphnode count using one IG detector 0.5 keV/ch ,

a3 Lymphnode count using one IG detector 0.5 keV/ch

R1 Liver count using three IG detectors 0.5 keV/ch

R3 Liver count using three PGT IG detectors 0.25 keV/ch

R2 Liver count using three CI IG detectors 0.25 keV/ch

(a) The current and historical listtng of in vtvo detector codes
is maintained by the Hanford Whole Body Counttng Project.
The listing provided in this manual is not necessarily current
or complete. For the most current information, contact the
Whole Body Counting Project Hanager.

(b) IG - intrinsic germanium.



s_don Append1x B
i,,u_: 12/g3 super,_e,:7/89 PNL-MA-552 P,oe 17 of 24

I II I II II I II I I t I

TABLEB,1Z. In Vtvo Schedule-Type Codes

Type of Heasurement

C Chest count

. C2 Extended chest count

HC Head and chest count

HD Head count

HZ Head and extended chest count

LC Ltver and chest count

LV Liver count

LY Lymphnode count

TC Thyroid count

TH Thyroid

WB Whole body count

WN Woundcount
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TABLEB.13. In Vtvo No-Result Codes

Code Descrtot|on

C External contamination other than radon detected on
the subject. Measurement invaltd; no results
obtained.

F Failure of equipment or faulty setup of equipment.
Heasurement invalid; no results obtained.

I Interference from ]ocaltzed activtty in another part
of the subject's body. Heasurement invalid; no
results obtained.

L Locatton of internal or external activity was
qualitatively determined by mapping, masking, or
collimating. Hay include one or more measurement
counts. These measurements are qualitative for
identifying the location of activtty and do not yield
quantifiable estimates of activity.

H Hedtcally administered radioactivity interfered wtth
measurement. Heasurement invaltd; no results
obtained.

P Preliminary count, when followed by a more quan-
titative record count. Used to tndicate measurement
taken, but not a record count.

R Radon Interference from subject's clothing, hair, or
skin. Heasurement invalid; no results obtained.

S The subject's actions interrupted completion of the
count. Heasurement invalid; no results obtained.

X Heasurement invalid; no results obtained. Other no-
result codes do not apply. See commentfield for a
brief description.

Notes

1) For invalid results, the REXdatabase shows "XXO00" a
in the nuclide field and "00000" in the amount and
detection level fields. A zero for detection level
i s presented as "<HDA>'. •

2) The comment field may have a brief explanation tn
addition to the codes listed above.
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TABLEB.14. INTERTRACHode-of-Intake Codes

Code Modeof Intake

ABS Absorption

ING Ingestion

INH Inhalation

NON None (no intake)

UNK Unknown

WND Wound
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TABLE B.15. INTERTRACEvaluation Reason Codes

Code pescrlptlon
A Annual chronic-intake evaluation

C Contractor-requested evaluation

H Htgh routtne-btoassay evaluation

I Incident eva] uatton

N New-htre measurementor prevtous employment record
indicated exposure prior to Hanford employment

R Reevaluatton
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TABLEB.16. INTERTRACSource-of-Intake Codes

• Code DesCrtDtton .......

DHE Intake at DOEsite while employed at Hanford

. Han Intake at Hanford

NHE Intake at non-DOEsite while employed at Hanford

NOC Nonoccupattonal intake

PTH Intake occurred prior to Hanford employment
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TABLEB.17. INTERTRACHtscellaneous Codes

Intake Confirmed Code

Y - Yes
N o No

Nature of Intake Code

A - Acute
C - Chronic

Recorded Dose Code

Y - Yes
N o No
0 - Yes, old evaluation
Z - Recorded dose ts zero mrem

Source KnownCode

Y - Yes
N - No

Type of Evaluation Code

P - Preliminary
F - Final
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TABLE B.18. Person Codes

, _ De#¢rl0tton

E Employee

. F Fetus

N Non-resident

S Subcontractor

V Visttor



set,on Appendtx B
m,,,ed:12/93 Supmede,:7/89 PNL-MA.552 P,me 24 Of 24

I I I I I I lie II I I I I I I II III I I I I I I II

TABLE B.19. Excreta Laboratory Codes

Code , DescrlDtIQn .

IT IT Analytical Services - Rtchland

Los Alamos Nattonal Laboratory

OR Oak Rtdge Nattonal Laboratory

PL PNLAnalytical Chemistry Laboratory

RE REECO(Reynolds Electrtc Company, Nevada Test Site)

TA Tt4A/Norcal, Richmond, California

WH Westinghouse Hanford Company, 222-S Lab
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APPENDIXC

" ANALYTICALPROCEDURES

Thts appendtx summarizes the procedures that the
Analytical Servtces Laboratory (Lab) uses to analyze
tndtrect btoassay samples, and that the In Vtvo
Radtobtoassay and Research Factllty (IVRRF) uses to
perform dtrect btoassay measurements. !

C.1 ,|NDIRECTBIOASSAYSAMPLES

All tndtrect btoassay samples are analyzed to
determine thetr content of vartous radtonucltdes,
according to detailed, wrttten procedures. A brtef
description of the procedure for each radtonucltde
follows.

C.1.1 Tritium tn Urine

A 1-mL sample aliquot Is mixed with scintillator
solution and counted directly tn a liquid
scintillation spectrometer.

C.1.2 Urtne - Emeraeqcyand Expedite Processina

Total Radfostront_um Up to 100 mL of the sample is precipitated as a carbo-
nate, dissolved and reprecipitated as a nitrate,
scavengedwtth barium chromate, converted to
carbonate, and counted in a low-background gas-flow
proportional counter.

Plutonium Plutonium is converted to (+IV) valence state using
sodium nitrite and adsorbed on an anion exchange
column. ]ton and thorium are removed by nitric and
hydrochloric acid. The plutonium ts desorbed from the
column, using ammoniumiodide, and electrodeposited on
a planchet. Alpha-emitting tsotopes are then counted,
using alpha spectrometry. Plutonium-241 activity ts
determined by dissolving the material from the
planchet with nitric and hydrochloric acid and then
counting the beta emissions in a liquid scintillation
spectrometer.
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C.l.Z Urine- Emeraencvand Exoedtte processtnq (contd)

AmerYcYu: and Curium The sample is wet-ashed using nttrtc acid and mtxed
wtth anton exchange rest n to remove pl utont um and
other heavy metals. The restdual solutlon t s
coprectpttated with czlctum oxzlate and redtssolved
wtth nitric acid. The americium and curium are
concentrated wtth dtdentate organophosphorus solvent
(DDCP), electrodeposited on a planchet, and counted
using alpha spectrometry.

Uranium A 10-mL aliquot of the sample is wet-ashed with actd
and passed through an ion exchange column. The
uranium ts eluted with a weak actd and brought to a
fixed volume with acid. The ftna] sample is submitted
for ] aser-tnduced phosphorescence uranium analyst s.

C.1.3 Feces- Emer=_ncv and EXDedtte Processtnq

Tota? Radtostrontium The sample is wet- and dry-ashed. Strontium is
precipitated as the nitrate, scavenged with barium
chromate, converted to carbonate, and counted in a
low-background gas-flow proportional counter.

PlutonYum The sample is wet- and dry-ashed. Enhancedoxidation
steps using hydrofluoric acid and hydrogen peroxide
can be requested. Then the procedure is the same as
that for urine (see Section C.1.2).

Americium and Curium The procedure is the same as that for urine (see Sec-
tion C,I.2).

Uranium The sample is wet-ashed only. Then the procedure is
the same as that for urine (see Section C.1.2).

C.1.4 Urine and Fece_- Priority and Routine PrQces_;lnq
!

For all analyses except tritium, the samples are first
wet- and dry-ashed. Entire samples are used except
for the low-sensitivity uranium analysis. Additional
wet- and dry-ashtng, sometimes using perchlortc and
hydrofluoric acids, may be needed on fecal samples.

Tritium analysis and the low-sensitivity uranium
analysis are not available for fecal samples.

4
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C.1.4 Urine and Feces - Priority and Routine Processtna (contd)

Strontium-90 Strontium ts precipitated as the carbonate and then as
" the sulfate. The redtssolved metertal ts scavenged

wtth hydroxide, followed by two barium chromate
precipitations. Thts ts followed by carbonate,

- nitrate, and a final carbonate precipitation. The
carbonate ts mounted on a planchet and counted wtth a
low-background gas-flow proportional counter. If thts
count is less than 1 dpm, the procedure ts._en, tnated.
If the first count ts greater than I dpm, ::Y is
allowed to grow into equilibrium with the °"St, then
tt ts separated by hydroxide and oxalate precipita-
tions, ignited to yttrium oxide, and the beta
emissions are counted. The first count gives the
total strontium j_cttvtty, and the second (yttrium)
count gives the ""St activity.

Plutonium Two methods are used to process plutonium. These
methods are essentially the sameas the procedure for
emergency and expedite processing, except that
counting times are increased to achieve the desired
sensitivity.

Americium and Curium The ash is dissolved in nitric acid and sodium nitrite
, and mixed with anion exchange resin to remove

plutonium and other heavy metals. Americium and
curium in the restdual solutton are precipitated with
calcium oxalate, redtssolved with nitric acid,
reprectpttated with oxalate, dissolved again with
nitric acid, and precipitated with fuming nttrtc acid.
The americium and curium are then concentrated with
didentate organophyosphorus (DDCP), stripped with
hydrochloric acid, and adsorbed on a cation exchange
column using ammoniumthtocyanate as a complextng
agent to remove iron and thorium. The americium and
curium are removedfrom the column,electrodeposited i
on a planchet,and countedby alpha spectrometry.

Uranium A 50-mL aliquotof the sample is wet-ashedwith acid
and passed throughan ion exchangecolumn. The
uraniumis eluted with a weak acid and broughtto a
fixed volumewith acid. The final sample is submitted
for laser-inducedphosphorescenceuranium analysis.

Analyses for other radlonuclidesare availableas
indicatedin Tables 6.2 through6.6.
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6.1.5 Combinations

Usuallymorethanone procedurecan be performedon
one sample. For instance, 1 mL of a urine samplecan
be extracted for tritium analysis before proceeding
wtth any of the other analyses. Other possible
combinationsare

• plutonium and strontium
• plutonium and americium/curium
• plutonium and uranium
• plutonium, strontium, and americium/curium.

C.Z DIRECTBIOASSAYMEASUREMENTS

Details concerning procedures, equipment, and data
processing for direct bioassay measurements.are
provided in the WholeBodvCountina Manual.z_
Pertinentinformationis providedas follows.

C.2.1 WholeBodyCQunts

Initialwholebodycountsareperformedusingthe
previewcounter,whichis a stand-upcounterusing
fiveNaldetectors.The counttime is typically
200 seconds. By identifyingthe detectorwiththe
most counts,radioactivitycan be spatiallyidentified
as emanatingfromthegeneralareasof the head,
chest,abdomen,or legs. Mostradlonuclldeswith

gamma-rayenergiesfrom))c)Ut200 to 3000 keV can bequantified,e.g.,Z_Cs, o.

If a radlonuclldeotherthan4°Kis detected,the
personis askedto shower,changeintoclean
coveralls,and is countedusinga shadow-shield,
moving-bedcounterwith two intrinsicgermanium
detectors.The germaniumdetectorshavemuch better
photopeakresolution,whichgenerallyeliminates
interferencesfrom severalradlonuclides.

If skincontaminationis detected,FieldDoslmetryis
contacted. *

(a) 1990 internal manual, PNL-HA-574,Pacific Northwest Laboratory,
Rtchl and, Washington.
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C.2.2 Chest Counts

, The presence of high-energy gamma-emitting radio-
nuclides in the chest is determined by whole body
counting. The presence in the chest of gamma-or
x-ray-emitting radtonucltdes with energies in the

- range of a few tens of keY to 200 keY is determined by

_eAsmt' _sunttng. 234TT_echest counter rout t _]y reports(as Indicator of "°°U). A peakU, and an
search program is used to identify the presence of
other significant photon energies.

The chest counter is an array of up to six germanium
planar detectors placed uniformly over both lungs.
The person being counted is seated in a chatr in a
slightly reclined position. Typical counts are
1200 seconds long, but counts up to 4000 seconds can
be arranged if higher sensitivity in required.

If material is detected in the chest, then an
ultrasound measurementof the thickness of the chest
wall is made, and the calculated activity in the lung
is corrected for the absorption of the low-energy rays
in the chest wall.

Whenactivity such as 24ZAmcan exist in both the lung
and bone, a head count is also performed, and the
apparent activity from the chest count is corrected
for the contribution from the bones in the chest
region. The corrected activity represents the
activity actually in the lung.

C.2.3 He_d Counts

Head counts are performed to quantify the skeletal
activity of low-energy x- or gamma-ray-emitting radio-
nuclides, such as ""Am. The head counter consists of
two germanium planar detectors placed high on the
forehead. The typical count time is 3000 seconds.
The results of the head count are converted to
activityin the total skeletonbased on the
distributionof _ZAm observedin the skeletonof a
total body donationto the U.S. TransuraniumRegistry.

C.2.4 Thyroid Counts

Thyroidcounts are performed,_singa single 3-inchx
3-inch NaI(Tl)detectp_for _°_Iand two germanium
planar detectorsfor '_°Ior "°I. The typicalcount
time is 2000 seconds.

C,2.5 Liver counts
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Liver counts are performed using an array of three
germanium planar detectors The typical count time is
2000 seconds. This count is calibrated for z41Am
only. The result is corrected for skeletal inter- r
ference, but it is not corrected for thickness of

' overlying tissue.

C.2.6 WoqqdCounts

Woundcounts may be performed at either the EDFor at
the 747-A Building, depending on the circumstances.
For low-energy x- or gammarays, a single germanium
detector is used. For contamination emitting higher-
energy gammarays, the count is usually performed at
the 747-A Building with a large-volume germanium
detector. The typical count time is 10 minutes. The
activity of isotopes of plutonium should be considered
approximate, unless the depth of the activity in the
tissue and relative abundance of each plutonium
isotope are known.
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APPENDIXD

" SAMPLEKIT INSTRUCTIONS

User instructions for each of the Analytical Services Laboratory's ntne
sampltng ktts are reproduced in thts appendix. Each of the instruction
cards is prtnted on a different color of card stock for easy visual
discrimination. The color ts noted parenthetically under the title.
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Instrqcttons for Ktt Code 1

(Orange)

Kit Code 1

INSTRUCTIONS
FOR ROUTINE BIOASSAY AT-HOME SAMPLING

PLEASE READ AND FOLLOW CAREFULLY

• Check the kit for your correct name,address,and payroll
numberBEFOREcollectinga sample. DO NOT USE thiskit if it
is not addressedto you. PleasenotifyIT ANALYTICAL
SERVICES,BloasseySection,of any errorsby phoning(509)
375-3131,collect, between7:30A.M. and 5:00 P.M.

• PleasecollectALL udneexcretedwithinthe pedodsone-half
hourbefore retiringand one-halfhourafterdsingfor two
consecutivedays.

If kit was Start End collection Kit will be
delivered on: col on: on morning of: picked up:
Monday Monday Wednesday Wednesday
Tuesday Tuesday Thursday Thursday
Wednesday Wednesday Friday Friday
Thursday Saturday Monday Monday
Friday Saturday Monday Monday

• Urine passedonly duringthe specifiedpedodsshouldbe
collected.

• Keepthe bottlescappedwhen not in use.

• Four bottlesare providedinthe kit. Beginwith any bottleand
use as many as necessary. Eachbottle may be filleduntil
approxlmately3/4 full.

• Afterfinal samplinghas been completed,tighteneach cap,
replacethe bottlesinthe cardboardboxand retumthe kit to the
same place you received it. It will be picked up on the pickup
date indicatedabove.

IT ANALYTICALSERVICES
BIOASSAYSECTION
2800 George WashingtonWay
Richland,Washington99352
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Instructions for Kit Code 2

. (Go'Id)

Kit Code 2

INSTRUCTIONS

FOR TERMINATION
BIOASSAY SAMPUNG

PLEASE READ AND FOLLOW CAREFULLY

• Check the kit for your correct name, address, and payroll
numberBEFOREcollectinga sample. DO NOT USE thiskit if it
is not addressed to you. Please notify IT ANALYTICAL
SERVICES, BloassaySection, of any errors by phoning (509)
375-3131,collect,between7:30A.M. and 5:00 P.M.

• Your employerhas requesteda final urinespecimenfromyou to
completeyour Individualradiationexposurehistoryrecord. This
is part of youremloyer'sterminationprocedure.

• Keepthe bottlescapped when not in use.

• Four boffiesare provided in the kiL Beginwith any bottle and
use as many as necessary. Each bottle may be filled until
approximately3/4 full.

• After final sampling has been completed, tighten each cap,
replacethe bottlesin the cardboard box and retumthe kit to the
same place youreceivedit.

• The bioaseaysamplingkit willbe picked up at the same place it
was droppedoffon the pickupdate Indicatedabove.

IT ANALYTICALSERVICES
" BIOA$SAYSECTION

2800 GeorgeWashingtonWay
Richland,Washington99352
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Instructions fop Ktt Code 3

(Light Yellow)
p

K]tCode 3

FOR 24 HOUR TOTAL URINE SAMPLING
HOME FRACTION

PLEASE READ AND FOLLOW CAREFULLY

• Check the kit for your correct name and payroll number
BEFORE collectinga sample. DO NOT USE this kit If It is not
addressedto you. Please notify IT ANALYTICALSERVICES,
Bloassay Section, of any errors by phoning (509) 375-3131,
collect,between7:30A.M. and 5:00 P.M.

• Unless you have been Instructedotherwise, please collect a
singleNORMAL voidingof urinein oneof the bottlesprovided.

• Cap the bottletightly. Replace the bottlein the kit and retum It
to the same place you received it.

• The kit will be picked-upat the same place it was dropped off
either todayor tomorrow.

IT ANALYTICALSERVICES
BIOASSAYSECTION
2800 GeorgeWashingtonWay
Richland,Washington99352



Seotlon Appendtx D

I,,u,d: 12/93 Supor,,du: 7/89 PNL-MA-552 Pqe 5 of 12
I II IIIIIlU I 1 II IIIIIII I II

Instructions for Kit Code 4

(Dark Green)
q

IQtCode 4

INSTRUCTIONS

FOR SINGLE-VOID URINE SAMPUNG

PLEASE READ AND FOLLOW CAREFULLY

• Check the kit for your correct name and payroll number
BEFORE collecting a sample. DO NOT USE this kit if it is not
addressedto you. Please notify IT ANALYTICALSERVICES,
Bioassay Section, of any errors by |_honing(509) 375-3131,
collect,between7:30 A.M. and 5:00 P.I__.

• Unless you have been instructedotnenNIsa,please collect a
singleNORMAL voidingof urinein one of the bottlesprovided.

• Cap the bottletightly. Replacethe bottlein the kit and retum it
to the same place you receivedit.

• The kit will be picked-upat the same place it was dropped off
eithertodayor tomorrow.

IT ANALYTICALSERVICES
, BIOASSAYSECTION

2800 GeorgeWashingtonWay
Richland,Washington99352

P
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Instrucl;lon for Kit Code _;

(Blue) ,-

Kit Code 5

SampleDate

DeliveryDate PickupDate

INSTRUCTIONS

FOR COLLECTING A FECAL SAMPLE

PLEASE READ AND FOLLOW CAREFULLY

• Check the kit for your correct name, address, and payroll
numberBEFORE collectinga sample. DO NOT USE thiskit if it
is not addressedto you. Please notify IT Analytical,Bloassay
Section,of any problemsor discrepanciesin the informationon
the label. Phone Richland (509) 375-3131, collect, between
7:30 A.M. and 5:00 P.M.

• Please collect a stool specimen (fecal sample) on the above
date. If them is not voidingon the sample date, collectthe next
voidingand put the correctsample date on the label.

• Placethe kiton your porchaftersampling has been completed.

• Kit will be recovered on the pickupdate Indicatedabove.

IT ANALYTICALSERVICES
BIOASSAYSECTION
2800 George WashingtonWay
Richland,Washington99352

ADDITIONALINSTRUCTIONSO BACKOF CARD
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Kit 5 - Back of Card ......

. (Blue)

Directions for use:

1. Removecontainerand holderfrom samplekit, and remove lid.

2. Pull up toilet seat, place unit on bowl in center toward rear of
bowl.

3. Put toilet seat on frame to holdunit in place. CAUTION: Stool
specimenmustnot containurine.

4. After stool specimen has been collected, remove plastic bag
from rim of the container and fold over the stool sample.
Replacecoverand returnto samplebox.
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In_ruotionsfor Kit Code 8 .....

(Red)

_ Codee

INSTRUCTION8
FORSINGLE-VOIDURINESAMPUNG

PLEASE READ AND FOLLOW CAREFULLY

• Check the box for yourcorrectname,address,and payroll
numberBEFOREcollectinga sample. DO NOT USE thiskit if
It Is not addressedto you. PleasenotifyIT ANALYTICAL
SERVICES,BloassaySectlon,of any errorsby phoning
(509) 375-3131collect, between7 A.M. and 6 P.M.

• UNLESS YOU HAVE BEEN INSTRUCTED OTHERWISE,
please collectALL urinepassedstartingone-halfhourbefore
retlrlngon the above sampledate and endingone-halfhour
after rlslng.

• Keep the bottlescappedwhen not in use.

• Four bottlesare providedinthe kIt. Beginwith any bottleand
use as manyas necessary. Eachbottlemay befilleduntil
approximately3/4 full.

• Afterfinalsamplinghas been completed, tighteneach cap,
replace the bottles inthe cardboardboxand returnthe kIt to the
same placeyou received it.

• The bioaesaysamplingkIt will be picked up at the same place it
was droppedoffon the pickupdate Indicted above.

IT ANALYTICALSERVICES
BIOASSAYSECTION '_
2800 GeorgeWashingtonWay
Richland,Washington99352
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[nstructJons for Kit Code 7

. (L t ght Green)

KitCode 7

INSTRUCTIONS

FOR SOLUBLE URANIUM
IN URINE SAMPLING

PLEASE READ AND FOLLOW CAREFULLY

Routinecollectionand analysisof udne samplesis an Impmlantpart of
the radlatlon doslmetry program for Individuals worldngwllh soluble
uranlum. Therefore, It Is requestedthat you read and camluly follow
the Instructlonsbelow.

• Check the kit for your correct name, address, and payroll
numberBEFOREcollectinga sample. DO NOT USE this kit if it
is not addressed to you. Please notify IT ANALYTICAL,
BloaseaySectlon, of any errors by phoning (509) 375-3131,
collect,between7:30A.M. and 5:00 P.M.

• Please collect ALL udne excreted within one.half hour before
retiringon Sunday evening and one-half hour alter rising on
Mondayrooming.

• Keepthe bottlescappedwhen not in use.

• Four bottlesare provided in the kit. Beginwithany bottle and
use as many as necessary. Each bottle may be filled until
approximately3/4 full.

• After final sampling has been completed, please place all
bottles, whether used or not, into the cardboard carder and
refoldthe handleto close the box.

" • Your kit will be pickedup on Monday roomingfrom the same
place where it was delivered. Be sure to leave yourkit outside
where it can be pickedup on Mondaymorning.

IT ANALYTICALsERvICES
BIOASSAYSECTION
2800 GeorgeWashingtonWay
Rlchland,Washington99352
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|pstructtons for Ktt (;ode 8

(Turquoise) ._

K# Code 8

INSTRUCTIONS

FOR COLLECTING A FECAL SAMPLE

IMPORTANT: IF POSSIBLE. DO NOT USE UNTIL
24 HOURS AFTER LEAVING WORK PLACE.

• Check the kit for your correct name, address, and payroll
numberBEFORE collectinga sample. DO NOT USE this kit if It
is not addressed to you. Please notify IT ANALYTICAL
SERVICES,BioassaySection,of any problemsor discrepancies
In the Informationon the container. Phone Richland(509) 375-
3131, collect,between7:30 A.M.and 5:00 P.M.

• Please collect specimen (fecal sample), following the
Instructionsgivenbelow.

• Place the kit on your porch after final sampling has been
completed.

• Kit willbe recoveredon the pickupdate.

CHECK TIME OUT OF ZONE:

O Lessthan 1 day ,_

O 1-3 days

O Morethan 3 days

ADDITIONALINSTRUCTIONSON BACKOF CARD
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Ktt 8 - Back of Card

.. (Turquo|se)

Directionsfor use:

1. RemovecontainerandholderfromsampleIdt,andremovelid.

2. Pullup toiletseat,placeuniton bowlIn centertowardrearof
bowl.

3. Puttoiletseaton frameto holdunit In place. CAUTION: Stool
specimenmustnotcontainurine.

4. Afterstoolspecimenhas beencollected,removeplastlcbag
from rlm of the containerand fold over the stool sample.
Replacecoverandreturnto samplebox.
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Znstructtons for Ktt Code 9

(Ptnk) ,_

Kit Code 9

INSTRUCTIONS
FOR COLLECTING A URINE SAMPLE FOR MAIUNG

PLEASE READ AND FOLLOW CAREFULLY

1. Discard the outer box. Write the start date here:

2. Please collect ALL urinewhileat homeuntilallb(Xlbs are used.

3. Three bottlesare provided in the kiL Beginwithany bottle and
fill each bottle at least to the fill line but not higher than the
bottleneck.

4. Keepthe bottlescapped when not in use.

5. Alter final samplinghas been completed,recheck each cap for
tightness. Replace the bottles in the cardboard box with the
Instruction card. Seal the box by moistening the gummed
surfaceof the tape providedand centeringoverthe boxclosure.

6. Retumthe packageto IT ANALYTICALSERVICESby calling

7. If you have any questions please call IT ANALYTICAL
SERVICES, Bloassay Section, at (509) 375-3131, collect,
between7:30 A.M. and 5:00 P.M.

IT ANALYTICALSERVICES
BIOASSAYSECTION *
2800 GeorgeWashingtonWay
Richland,Washington99352

"I.
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ACRONYMLIST

ALl annual limit on intake
I

CAM continuousair monitor

CEC Commissionof the EuropeanCommunities

CEDE committedeffectivedose equivalent

classes D, W, Y ICRP 30 inhalationclassescategorizingthe quicknessby
which variouselementalmaterialsare removed from the lung

CP Cutie-pie (ionizationchamber)

DAC derived air concentration

DOE U.S. Departmentof Energy

dpm disintegrationsper minute

DTPA diethylenetriaminepenta acetate;used to bind and remove
plutoniumand americiumfrom the blood.

EDF EmergencyDecontaminationFacility

GI gastrointestinal

GM Geiger-MOllerradiationchamber

HEHF Hanford EnvironmentalHealth Foundation

ICRP InternationalCommissionon RadiologicalProtection

IPA isotopicplutoniumand 24ZAmvia alpha spectrometry

IVRRF In Vivo Radioassay& ResearchFacility

KEH Kaiser EngineeringHanfordCompany

LEPD Code for lab analysis,referringto non-destructivelow-
energy photon spectrometry;measuresx-rays from 241Am.

MDA minimumdetectableactivityor, for uranium,minimum
detectableamount

MDD minimumdetectabledose

NCRP NationalCouncilon RadiationProtection

E.iii



PNL PacificNorthwestLaboratory

REAC/TS RadiationEmergencyAssistanceCenter/Training Site

RCT radiologicalcontroltechnician

RL U.S. Departmentof Energy,RichlandOperatlensOffice

WHC WestinghouseHanfordCompany
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1.0 INTRODUCTION

This document discussesactionstaken by variousgroups at the HanfordSite
, in responseto an incidentwith potentialfor an intake of radioactive

material. The scope of such an incidentcan range from somethingrequiring
specialbioassaysamplestaken within a few days of the incidentto something
requiringimmediatemedicaltreatment. The documentdiscussesresponseat the

" fullestlevel to ensure that all responsesare covered,but the extent of any
given response is tailoredaccordingto the suspectedseverityand the time
lag betweentime of the incidentand the recognitionthat an intakemay have
occurred.

BecauseHanford is a multi-contractorsite managedby the U.S. Department
of Energy (DOE) and because responseto a suspectedintake involvesvarious
contractorsand groups within contractororganizations,specificsof
implementationat the contractorlevel are usuallycontainedin various
contractormanuals. This document providesan overviewof how responseat
Hanfordworks and guides the reader to the appropriatecontractormanuals for
specifics.

This documentdoes not addressaccidentswith potentialfor abnormalexternal
radiationexposure,criticality,or skin contamination(exceptwhen the
circumstancesof the skin contaminationimply a potentialfor an intake).

E.I.1



2.0 CONTRACTORRESPONSIBILITIESAT HANFORD

Proper responseto an incidentwith potentialfor an intakeof radioactive
, material at Hanford involvescoordinatedaction by many contractorsand

subgroupswithin the contractororganizations. This section lists the
responsibilitiesof these groups for identification,response,and management
of a worker or workerswho may have recently incurredan unexpectedintake.

2.1 FACILITY RADIATIONMONITORINGAND SURVEYING

The facility radiologicalcontrolorganizationis responsiblefor monitoring
radiologicalconditionsof the workplaceand for surveyingpersonneland
equipmentwithin and upon leavingradiologicalcontrolledareas. This
function is performedby

• WestinghouseHanfordCompany (WHC) Health PhysicsSupport for facilities
and outdoorareas within its control

• PacificNorthwestLaboratory(PNL) LaboratorySafety for facilitiesand
areas within its control.

Duties includeair monitoring,surfacecontaminationsurveying,personnel
surveying,obtainingand counting nasal and mouth swabs, personnel
decontamination(exceptfor seriouswounds that requirepromptmedical
attention),and initialnotificationsof a potentialintake. The radiological
controlorganizationis also responsiblefor collectingspecialsamplesthat
may provide informationabout the source of an intake,such as smears of the
contaminationat the source,or smears from the worker's clothing,equipment,
or person. Dependingon the nature of the sample or the countingequipment
available,the radiologicalcontrol organizationmay count these special
samplesor may make arrangementsfor havingthe samplescountedat a
laboratory.

The facilityradiologicalcontrolorganizationis also responsiblefor
ensuring that workerswith contaminationon their skin, hair, or clothing are
decontaminatedbefore leavingthe facility. In the event that a worker has to
be transportedto the EmergencyDecontaminationFacility (EDF) or to the
hospitalfor decontaminationand/ormedicaltreatment,the facility
radiologicalcontrolorganization(with the concurrenceof the Hanford Fire
Department)is responsiblefor preparingthe contaminatedworker and/or
appropriateambulanceareas for transportationto minimizecontamination

• spread. They are also responsiblefor accompanyingthe contaminatedworker to
the EDF and surveyingthe ambulanceand potentiallycontaminatedareas outside
of the EDF after the worker has been safelybrought inside.
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2.2 CONTRACTORDOSIMETRY

Each contractorand U.S. Departmentof Energy, RichlandOperationsOffice (RL)
has a representativeor organizationthat specializesin dosimetryissues.
Subcontractorsof these are coveredthrough the principalcontractor
organization. Within WHC, that organizationis Health Physics/Dosimetry,and
within PNL the representativeis designatedstaff within the LaboratorySafety
Department. The dosimetryorganizationor representativeis the contact for
the worker concerninghis/herinternaldose evaluationand dose management.
The contractordosimetryrepresentativeusually accompaniesthe worker during
the first in vivo counts or first stages of treatment. The contractor
dosimetryorganizationhas overallresponsibilityfor intake case management
and interfacewith the worker.

The contractordosimetryorganizationis responsiblefor:

• obtainingworker identificationand informationabout particularsof the
intake from the monitoringorganization

• recommendingadditionalworkplacemeasurements,such as time-delayed
counts on nasal swabs,counts of smearsof the contamination,blood
smears,clothing,and air samples

• notifyingthe PNL exposureevaluatorand the RL radiationprotection
programsmonitor that an potentialintake has occurredand providing
informationabout the intake scenarioas it becomes available

• notifyingother organizationsif necessary,such as the Hanford
EnvironmentalHealth Foundation(HEHF)nurse, and assistingwith
recommendationsfor treatment_especiallywith the decision to
administerdiethylenetriaminepenta-acetate(DTPA)

• representingthe company in discussionswith the worker about various
issues resultingfrom the intake,such as bioassaymeasurementsor
sampling,nature of treatment,estimatesof intake or dose, and work
restrictions

• servingas the contactfor the exposureevaluatorfor arrangingbioassay
samples,and obtainingsource term informationvia analysisof workplace
samplesor interviewingknowledgeablestaff

• establishingwork restrictionsfor workerswith suspectedor confirmed
intakeswhile the intake is being investigated.
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2.3 PACIFICNORTHWgSTLABORATORYWHOLE BOOY COUNTINGAND INTERNALDOSIMETRY

PacificNorthwestLaboratoryis charteredthroughthe HanfordSite Services
Handbook (RL 1991) to provide in vivo radiologicalmeasurements,providefor
excretabioassaymeasurements,and performand document internalexposure
evaluations. These functionsare providedas servicesto the contractor
dosimetryorganizationswho retainthe overallresponsibilityfor the worker's
radiationprotectionand dose management. The functionsare performedthrough

" the Whole Body Counting and InternalDosimetryPrograms.

2.3.1 PBcificNQrthwestLaboratorvWhole Body Countino ProAect

The Whole Body Counting Projectlocatedat the In Vivo Radioassayand Research
Facility (IVRRF)is responsiblefor providingin vivo counts appropriatefor
the type of radioactivematerial involvedin the intake. This includesthe
capabilityto quantifyhigh-energygamma-emittersin the whole body and low-
energy gamma- or x-ray-emittersin lungs,wounds and excisedtissue at EDF
Measurementsof beta-emitterssuch as °vSrcan also be made through associated
radiationsemitted from the skull.

The project is capableof performingimmediatemeasurementsof radionuclides
after an accidentalintake and is usuallythe first indicationof the extent
and quantityof the intake. This serviceworks with the InternalDosimetry
Programfor the early evaluationof worker intakes.

2.3.2 PacificNorthwestLaborator_InternalDosimetryProject

The InternalDosimetryProject is responsiblefor providinga 24-hour single
point-of-contactfor responseto a potentialintake. The staff member on call
is referred to as the exposureevaluator. The exposureevaluatoris
responsiblefor:

• notifyingthe HEHF physician-on-call,the PNL radiationcontrol
technician,the Whole Body Counterstaff, the excreta laboratory,and,
if necessary,the contractordosimetryrepresentative

• meetingthe worker when he/she arrivesat the EDF or IVRRF and
discussingwith the worker what in vivo measurementsand excreta
samplingwill be conducted;

• interpretingthe resultsof in vivo measurements,making initial
assessmentof the potentialseverityof the intakebased on the data at
hand, and discussingimplicationsof the resultsof the in vivo

, measurementswith the worker, the HEHF doctor (if one is involved),and
the contractordosimetryrepresentative

, • recommendingthe type, frequency,and analysispriority for bioassay
samplesand/or additionalin vivo measurements,as well as indicating
the consequencesof missed samplesor samplesanalyzedat other-than-
recommendedprioritiesfor the accuracyor responsivenessof dose
assessment
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• advisingthe HEHF physicianconcerningthe need for treatment

• arrangingfor excretasamplingaccordingto agreementwith the
contractordosimetryrepresentativeand worker

• identifyingsupplementalmeasurementsand samplesto aid in the dose
assessment (e.g.,measurementof air filters, smears,etc.)

• providingradiationmonitoring supportat EDF if a contaminatedworker
arrives at EDF before a PNL radiologicalcontroltechnicianarrives.

2.4 HANFORD ENVIRONMENTALHEALTHFOUNDATION

HanfordEnvironmentalHealth Foundationprovidesperiodichealth evaluations,
health information,primarycare for acute injuriesand illnesses,and follow-
up care for injuries (RL 1991). In the event of a potentialintakenot
involvinglife-threateningtrauma or seriousinjury,HEHF is responsiblefor
directingtreatmentwith respectto the internaldeposition(Good 1992). In
the event of serious injuriesor trauma,HEHF cooperateswith the Hanford Fire
DepartmentEmergencyParamedicorganizationfor appropriateremediationof any
internaldepositionof radioactivematerial. The HEHF maintainsa physician-
on-call at all times, and at least one nursingstationis staffedat all
times.

Hanford EnvironmentalHealth Foundationis responsiblefor

• deciding when to treat and how to treat workers to amelioratethe
effectsof intakes

• maintainingmedical suppliesappropriatefor treatingworkers for
intakesof radionuclidesapplicableat the HanfordSite

• obtainingworker consent for administeringDTPA

• administeringappropriatepharmaceuticalsor medicinesfor treatmentof
intakes

• notifyingthe exposure evaluatorif the contractorhas not alreadydone
SO

• arrangingfor medical specialists,as appropriate.

If the potentialintake involvesa contaminatedwound, HEHF is responsiblefor

• decidingwhen to activatethe EDF and being in charge of operationswhen o
the EDF has been activated
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• providingnursing assistanceat or near the workplace,unless the injury
is severe, in which case, the Hanford Fire Departmentparamedicsare
responsiblefor first-responsemedical assistance

. • maintainingcontactwith the Kadlec MedicalCenter and notifyingthe
exposureevaluatorif the decision is made to transportthe worker to
Kadlec.

2.5 pN_ LABORATORYSAFETY RADIOLOGICAL.pROTECTIONTECHNICIANS

In additiontoproviding workplacemonitoringfor facilitieswithin its
jurisdiction,PNL providesradiationmonitoringsupportfor activities
conductedat EDF. In this regard, PNL LaboratorySafety is responsiblefor

• estBblishingpotentialcontaminationareas and step-offpads within EDF

• assistingthe medical staff with locatingand surveyingexternal
contaminationon the injuredworker

• monitoringthe radiationfield resultingfrom the injuredworker and
advisingthe medical staff and the exposureevaluatorof the strengthof
the field (Note:The physician-in-chargemay overrulenormal radiation
protectionexposureguidelinesif deemed necessaryto protect the health
of the injuredworker.)

• surveyingall personneland equipmentleavingthe contaminationarea

• operatingthe air samplingsystem

• surveyingthe contaminationareas and other areas with potentialfor
contaminationspread at the end of the work and removingthe
contaminationarea designationas soon as applicable i

• ensuringthat all the radioactivewaste is placed in proper receptacles
and arrangingfor disposal.

If the potentiallyexposedworker is taken to IVRRF insteadof EDF, PNL
LaboratorySafety Departmentis also responsiblefor monitoringthe worker for
surfacecontaminationbefore the worker is allowed into the countingarea.

2.6 HANFORD FIRE DEPARTMENT
6

The Hanford Fire Departmentprovidesambulanceresponsefor the Hanford
Site (RL Iggl} throughthe EmergencyMedical ServicesProgram. The program
maintainsregisteredand certifiedparamedicswho provideon-the-scene
emergencymedical treatmentand transportationto the hospitalor EDF.
During a medical emergency,paramedics(or emergencymedicaltechnicians)take
directionfrom the Medical ProgramDirectorof the Mid-ColumbiaEmergency
Medical Service. If known or suspectedinternalradionuclidedepositionis
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involvedand injury is not life-threatening,then HEHF is responsiblefor
directingtreatment. Otherwise,the paramedicsor emergencymedical
technicianswill manage the immediatemedical care under directionof the
Kadlec emergencyroom physician(Good 1992) althoughan HEHF doctor may take
charge of medical care if the doctor is presentwith the patient. In such a
situation,the HEHF doctor will inform the Kadlec emergencyroom physicianof
the intent to take over medical care so that clear responsibilityfor patient
care is establishedand so that clear directionis given to the paramedicsand W

emergencymedical technicians.

With known or suspectedradiologicalintakes,the Hanford Fire Department
dispatcher is responsiblefor promptlynotifyingthe nearestHealth Service
Center and the HEHF physician-on-call. If EDF is activated,the Hanford Fire
Departmentdispatcheris responsiblefor contactingthe bus dispatcherto
requestthat t_e emergencygeneratorbe put in place at EDF (Good Ig92).

The ambulancewill either pick up the HEHF nurse while respondingto the scene
or bring the patient to the nearestavailableHealth Service Center as
determinedby the medicaland logisticalrequirementsof the incident.
Patientsmay be releasedfrom the HEHF nurse to a paramedicf}r transportation
to EDF or Kadlec (Good 1992).

2.7 DEPARTMENTOF ENERGY,RICHLANDOPERATIONSOFFICE

The U.S. Departmentof Energy,RichlandOperationsOffice, Health Physics
staff monitor the statusof an incidentwith potentialfor intake. One of
the staff is contactedby the worker'sdosimetryorganization. The staff at
RL in turn keeps the RL Office of the Manager and Office of Communications
informedof the statusof the incident,if warranted. In the event that the
UnifiedDose AssessmentCenter,the EmergencyAction CoordinatingTeam, and
the EDF are all activatedbecauseof the same event, RL provides a liaison
betweenthe EDF and the EmergencyAction CoordinatingTeam.
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3.0 INITIATION ANDWORKPLACEACTIONS

The initiationof responseto an incidentwlth potentialfor an intake of
. radioactive materials requires prompt actions in several areas. As discussed

in the previous section, coordination between the various Hanford contractors
and response personnel has to occur, and prompt estimates of intake and the
proper level of response must be determined. This section discusses the

" variousimmediateactionsthat should be taken in the event of a suspectedor
known intakeof radionuclidesat the job site.

3.1 {VACUATIONAND SAFETY OF PERSONNEL

The initiationof responseto a suspectedintakemay occur from one of many
indicators. Continuousair monitor (CAM) alarms,unexpectedlyhigh monitoring
survey results,loss of containment,or other seriousaccidentconditions
such as fire or explosionmay occur. Prompt responsefor an incident/event
conditionis paramount,and should be in direct relationto the incident
conditions. Both WHC and PNL have documentedinstructionson accident/
emergencyresponseand potentialinternalradioactivematerial intakes. The
Hanford Fire DepartmentEmeroencyMedicalServicesProoram Plan, WHC-EP-0575
(Good 1992),details accidentresponsesby paramedicsand ambulanceservices.
The westinqhouseHanford{meraencvPlan, WHC-CM-4-1,describesthe contractor
interfaceand responseduring Hanfordemergenciesand other incidents(WHC
1990).

At Nanford intakesof radioactivematerialmost often occur without a formal
activationof the site emergencypreparednessresponse function. If
contaminatedwounds or intakesoccur as part of a larger event requiring
activationof the site emergencypreparednessfunctions,the responseto the
intakeswould proceed simultaneouslyand mostly independentlyof the response
to the site emergency.

Generally,the followingsteps should be consideredin the initialactions for
a suspectedintakeor contaminationevent; the steps are listed in their order
of priority:

I. Providefor emergencymedicalcare immediatelyfor serious injuries,if
safe to do so. The HanfordSite RadCon Manual (RL Igg2) lists dose
limits for lifesavingas 25 rem where a lower dose limit is not
practicableand allows for >25 rem only on a voluntarybasis.

Alert medicalpersonnel(HanfordFire Departmentparamedicteam and HEHF
physician-on-call)for injuriesrequiringimmediateattention.

2. Remove injured/contaminatedindividualsfirst, then all individualsfrom
contaminatedradiationareas. Control/segregate a) the injured,b) the
contaminated,and c) the suspectedinternallycontaminated.
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3. Surveyworker(s) for contamination,include (wherefeasible)nasal
swabs, nose blows, sputum samples,blood smears,and mouth and facial
surveys as well as general contaminationlevels. Section3.4.1 of
Manaqementof PersonsAccidentally_ont_minatedwith Ra_ionuclides,NCRP
65 (NCRP1980) contains detailed information on special surveys for
initial radionuclide intake estimates.

Recount samples with detectable alpha contamination at a later time to
account for radon progeny interference.

4. If intakes of radtonuclides are suspected or confirmed, make notifica-
tions according to the notification levels (Table 1 of this document or
tables in WHC-CM-4-16).

5. Removecontaminated clothing, provide clean replacement coveralls, and
perform minor decontaminations of skin and outer surfaces of the body.

Control and separate personal dosimetry for evaluation of radiation
dose.

6. If a decision has been made to administer DTPA, ensure that the nurse
has proper information for prompt arrival at the designated location,
i.e., exact room in the facility.

Provide radiation monitoring support to the worker and nurse.

7. If the contaminated worker is to be transported via ambulance, prepare
the ambulance for control of contamination and provide radiation
monitoring support for the ambulance and for staff in the ambulance.

8. Assist in identifying radtonuclides involved in the exposure, their
chemical form, particle size information, and solubility by obtaining
workplace samples and/or communicating knowledge about the nature of the
contamination.

3.2 WESTINGHOUSEHANFORD COMPANYACTIONS

These WHC manuals specifysteps to be taken.forsuspectedintakesof
radioactivematerials:

• Dosimetryand Medical ServicesManual,WHC-CM-4-16

• Health PhysicsPractice_Manual,WHC-CM-4-12 J

• Health PhysicsProcedures,WHC-IP-0718.

Care of injuredor contaminatedpersonnelis the first priority,and
notificationof the PNL exposureevaluatorwill occur after initialmedical
response steps have been initiated. Initialresponse is handledby WHC
radiologicalcontroltechnicians(RCTs)and their supervisorsupon discovery
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of a potentialintakeof radioactivematerials. The WHC InternalDosimetry
Advisor is notified,who in turn coordinatesthe appropriatetechnicalsupport
contacts. If notificationlevelsof contaminationare exceeded,as specified
in WHC-CM-4-16,then WHC will notify the exposureevaluatorto be prepared for

, bioassaymonitoringand additionalrecoveryefforts.

If decontaminationof individualsis required,then a WestinghouseRCT will
perform initialdecontaminationin the field, by procedureWHC-IP-0718,
SectionER-03. If field indicatorsfor radioactivecontaminationexceed
stated levels in WHC-IP-0718,then the RCT or supervisornotifiesHEHF
Health ServicesCenter for considerationof administrationof DTPA or other
appropriatemedical intervention. Upon completionof decontamination,the
individualis transportedto the IVRRF for monitoring. If decontamination
is not successfulthe individualis transportedto the EDF for further
decontamination(with the concurrenceof the HEHF physician-on-call).
Subcontractorsto WHC follow the WHC proceduresdiscussedabove.

3.3 PACIFICNORTHWESTLABORATORYACTIONS

Pollcv and Proceduresfor RadiationProtectionTechnicianSupervisors,PNL-MA-
506, Sections4 ("Off-NormalEvents")and 8 ("AirSampling Program")contain
PNL proceduresfor determiningthat intakeshave occurred from air samplingor
other surveyresults and proceduresfor operatingthe EDF. Proceduresfor
RadiationProtec_iQnTechnicians,PNL-MA-507,Vol. 2, also addressesinitial
responseto potentialintakesin ProcedureRP 3.4.01,"Job Coverage."

In the event of an incidentin which a suspectedinternaldepositionof
radioactivematerialmay have occurred,the radiationprotectiontechnician
(RPT) supervisorwill take the followingactions (see PNL-MA-6Radiation
Protection,Article 543):

I. Identifypersonnelpotentiallyexposed.

2. Obtain nasal, sputum,blood, or surfacecontaminationsurveyswhere
appropriate,for the qualitativecharacterizationof the intake.

3. Obtain air samplesor CAM monitoringresultsto determinethe airborne
concentrationand integratedexposurewhere appropriate.

Note any use of respiratoryprotection,and whether or not it was
compromisedin any fashion.

4. Determinethe duration of the exposure.

5. Notify the PNL exposure evaluatorand providethe above information.

6. Assist in other notifications,such as the HEHF Health ServiceCenter or
the physician-on-call.
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7. Obtain special bioassay samples as req,ested by the exposure evaluator
or HEHFphysician-on-call.

Subcontractors performing work under the direction or by subcontract to PNL
follow PNLprocedures as described above, ustng the radiation protection o
organization of PNL.
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4.0 NOTIFICATIONOF AUTHORITIES

4.1 ONSITE NOTIFICATIONS
Q

Some requirementsfor prompt investigationof a possibleintake are provided
in the HanfQrdsite RadCon Manual (RL 1992),Article 522.5. A set of
proceduresfor prompt notificationof the PNL exposureevaluatorand the HEHF

z physician-on-callare found in the Hanford InternalDosimetryProoramManual,
Section7.

Notificationlevels based on workplaceindicatorsare shown in Tables 4.1
and 4.2. These are consideredgeneralguidancetothe contractorswho
incorporatethe guidance in their internalmanualsor proceduresgoverningthe
actionsof radiationcontroltechniciansand dosimetrystaff. Generally,the
intakeof alpha-emitterssuch as plutoniumor americiumcause the most dose
commitmentfor the activityingested. For this reason,and becauseof the
detectiondifficultiesin measuringquantitiesof alpha-emittersinternally
or with bioassay procedures,the action levels for these are the most
restrictive. Fissionor activationproductradionuclides,beta-gamma
emitters,and pure beta-emittersare less difficultto detect, and usually
have a lower committedeffectivedose equivalent(CEDE)per unit of intake.

4.1.1 westinqhouseHanfordCompanyNotifications

The WHC InternalDosimetrYEmerqencYProcedure,WHC-CM-4-16,Section 5.1,
containsa flow chart for the initialnotificationsto be made for a potential
intake. The notificationsincludeWHC Health Physics/Dosimetry,the HEHF
physician-on-call,line management,the exposureevaluator,and the RL health
ph)sicsrepresentative. Criteria for making the decisionto notify these
personsare based on the level of contaminationfound at the scene, the
airborneradiologicalconditions,or suspectedcontaminatedwounds.
Tables 5.1.1 and 5.1.2 of WHC-CM-4-16,section5.1, containthese criteria
levels. They are also found in "PersonnelDecontamination,"Section ER-03 of
WHC-IP-0718.

4.1.2 PacificNorthwestLaboratoryNotifications

The PNL LaboratorySafety dosimetryrepresentativeis notifiedwhenever an
acute intakeof >40 DAC-hoursis suspected. The LaboratorySafetydosimetry
representative,in turn, notifiesthe exposureevaluatorand the RL health
physicsrepresentative. More restrictivereportablelimitson single air
contaminationresultsof 3.3E-12_Ci/mL gross alpha or 6.0E-I0pCi/mL _,y
(correctedfor radon and background)on a 24-hoursample are found in Policy
and Proceduresfor RPT Suoervisors(PNLMA-506). This level requiresan
investigationreport to be completedand the dosimetryengineer to be
informed. Normally,the PNL countingroom technicianwill report the result

" to a radiationmonitoringsupervisor. RadiationProtection,PNL-MA-6,states
that personscurrentlyparticipatingin the broad scope bioassayprogram shall
participatein specialbioassaymonitoringwhenever their routinebioassay
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TABLE4.1. Contamination Levels for Exposure Evaluator Notificationr, ,i , ,,,.,, i I i ,,,i ,ll.

, Indicator AIpha-emltters p or P,T Emitters

Nasal or mouth smears Detectable acttvtty Detectable acttvtt_ .

Facial contamination 200 dpm 4,000 dpm
(direct measurement)

Skin breaks or blood Any skin break while Any detectableactivity
smears handlingalpha-emitters around or on skin break,

other than sealed or detectableactivity
sources on blood smear

i i i

Head, neck 2,000 dpm 40,000 dpm
contamination

i i . i i

Contaminationin Detectableactivity insiderespiratorafter use
respirator

Hands, forearms 10 000 dpm 200,000dpm
clothing_) ' ' {10 mrad/hp,yw/CP)(b)

Airborne Acute intake equivalentto 40 DAC-hoursafter
protectionfactorradioactivit_ accountin_ for respirator_ • Xc)I ! ,I_ ....... , ,

(a) Clothingcontaminationlevels apply to exposurewithout respiratory
protection,such as on inner coverallsor personalclothing.

(b) If the Geiger-MOller(GM)detector approachesoperationallimits, use
Cutie-Pie(CP) meter and exposurerate as guideline. This value is
based on 10% operationalefficiencyand a conversionfactor of
2000 cpm/mrad/h.

(c)
airborneconcentration

DAC-hours= x hours of intake
DAC

'" " I'I , , I

TABLE4.2. Contamination Levels for Notification of HEXFPhysician-On-Call
II I ,

Indicator Alpha-emitters _ or je, y Emitters

.....Nasal or mouth smears 1,000 dpm 100,000 dpm

Facialcontamination 25,000 dpm 500,00.0dpm ,

Skin breaks or wounds 100 dpm 20,000dpm

E.4.2



monitoringresults indicatean unexpectedintake of radioactivematerial
resultingin a CEDE of 100 mrem or more.

When so indicated,the notificationof the HEHF physician-on-callcan be
• accomplishedby either the radiationmonitoringsupervisor,the Laboratory

Safety dosimetryengineer,or the exposureevaluator.

4.1.3 Other Hanford$i_e Notifications

The activationof the EDF, for contaminatedwounds notsevere enough to
requirehospitalizationor decontaminationnot readilyperformedin the
workplace,is accomplishedby decisionof the HEHF physician-on-call.The
physicianarrangesfor medicalstaff as necessary. The exposureevaluator
arrangesfor the in vivo counting staff and PNL radiationmonitoringsupport.

When a determinationhas been made that same-dayin vivo counts are necessary,
the exposureevaluatornotifiesthe in vivo counting staff and, for incidents
not occurringin PNL facilities,notifiesPNL radiationmonitoring.

4.20FFSIT{ NOTIFICATION_

The notificationof offsitepersonnelor agencies is usuallyrestrictedto
major contaminationevents or if additionalmedical assistanceis required in
the event of injuriesor severe contamination. Note: An exceptionto this
is that RL shall be notified in accordancewith the followingsectionon
occurrencereporting.

4.2.1 Medical SUDDort

In the event that an internalcontaminationevent requires additionalmedical
treatmentbeyond that of the HEHF staff, the physician-on-callcan arrangefor
medical specialistsat one of severalTri-Cityhospitals. Treatmentcan be
either at the EDF or at one of the local hospitals,at the discretionof the
HEHF physician. Notificationof the hospitalshould be completedby medical
personnel,who are familiarwith the medicalaspects of the case.

When necessary,medicalcaretakes precedenceover treatmentfor an intake.
Usually,the paramedicsare in charge; however,an HEHF doctor may take charge
of medicalcare if the doctor is presentwith the patient. The paramedicsare
in contactwith and take directionfrom a doctor associatedwith the Mld-
Columbia EmergencyMedical Service. Most likely the worker will be
transportedto Kadlec Medical Center. At that point, involvementof Hanford
dosimetryor radiationmonitoringpersonnelis determinedby discussion
betweenthe HEHF physician-on-calland the Kadlec doctor. If such support
were requested,HEHF would notifythe exposureevaluator,who would in turn
arrangefor in vivo countingstaff or radiationmonitoringstaff as necessary.

Additionalmedical interventionsupportfor serious accidentsor intakeswith
high dose consequencecan be obtainedthroughconsultationwith the Radiation
EmergencyAssistanceCenter/TrainingSite (REAC/TS)operatedthroughDOE by
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the Oak Ridge Institutefor Science and Education. A 24-houremergency
assistancenumber is (615) 481-1000.

4.2.2 Occurrence RepQrtino
P

Notificationof RL by the occurrencefacility is requiredduring the course of
a suspectedintake of radioactivematerials. Notificationto the Hanford
FacilityManager at RL shall be undertakenaccordingto the "Categorizationof
ReportableOccurrences"found in AttachmentI of DOE Order 5000.3B (DOE 1993).
Confirmationof an uptake of radioactivematerialfor compliancewith DOE
Order 5000.3B requiresthat the assesseddose be quantified. For the purpose
of formal reporting,an intakeof radioactivematerial is confirmedonce there
is a final dose assessment.

Briefly,the categoriesof reportableoccurrencesare as follows:

• Emergency

- Any confirmedintakeof radioactivematerialby a worker, student,
or minor (onsite),or member of the public (onsite),which in
conjunctionwith any externalexposures,results in a dose in
excess of five times the DOE annual limits specifiedin Table 2-I
of the DOE RadCon Manual;or for membersof the public (offsite)in
excess of ParagraphI of DOE Order 5400.5,Chapter II (DOE 1990).

• Unusual Occurrence

- Any confirmed intake of radioactive material by a worker, student,
minor, or memberof the public, which in conjunction with any
external exposures results in a dose in excess of the DOEannual
limtts as specified in Table 2-1 of the DOERadConManual; or for
members of the public (off-site) in excess of Paragraph 1 of DOE
Order 5400.5, Chapter II.

- Any occurrence requiring offsite medical assistance for
contaminated personnel.

• Off-Normal Occurrence

- Any confirmed intake of radioactive material by a worker that would
result in a committed effective dose equivalent from all intakes
equal to or greater than 0.1 rem.

- Any confirmedintakeof radioactivematerial by a minor or student
(onsite)or member of the public that would result in a committed
effectivedose equivalentequal to or greater than 10 percentof
the annual limit specifiedin Table 2-I of the DOE RadCQn Manual.
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5.0 ASSESSMENTOF DOSEFROMINTAKEORDEPOSITION

Early estimates of the severity of an intake are provided by the PNL exposure
, evaluator based on results of btoassay measurements. The documentation of the

bioktnettc models and dose conversion factors used to determine the intake,
deposition, or dose is contained in The Technical Basis for Internal Dostmetrv
at Hanfgrd, PNL-6866.R1 (Sula et al. 1991). Generally, the models used are

' from International Commission on Radtologtcal Protection (TCRP) Publica-
tions 30 (ICRP 1979) or 48 (ICRP 1986). The Jones urinary excretion model is
used for transuranics (Jones 1985).

The initial priority of the exposure evaluator is

• to obtain the identification of the workers and the circumstances
surrounding the exposure

• to determine the appropriate type of bloassay measurements

• to arrange for the measurements

• to provide information and guidance to the physician concerning the need
for or effectiveness of treatment (for more severe intakes)

. to make an early estimate of dose (or of the minimumdetectable dose if
bioassay measurements do not detect contamination).

There is a large range of bioassay measurements and usually a choice of three
laboratory analysis times available for each excreta measurement. The
exposure evaluator recommendsto the worker's dosimetry repre;;entative the mix
of bioassay measurements and analysis times based on the type of intake,
radtonuclides involved, probable severity of intake, and information needs of
the physician and the worker's management. Bioassay measurements available
include:

• whole body counts For high-energy gama-emitters (such as Z37Cs)

. chest counts, head counts, woundcounts other organ counts for low-
' 241Am)energy gamma- or x-ray-emitters(such as

• single voiding,overnight,and 24-hoururine samples

• fecal samples.

The excretasamplescan be analyzedfor all radionuclidesof interestat
Hanford. Three laboratoryanalysistimes are availablefor excretasamples:

. emergency(analysistimes of a few hours),expedite (about2 days), and
priority (I to 2 weeks). (Themuch slowerroutine analysisoption is also
available,but it is not recommendedfor incidentinvestigation.)
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Note: All parties have to recognize that there is a trade-off between the
promptness by which estimates of intake or dose can be made and the accuracy
of those estimates.

Responseprotocolsvary accordingto the radionuclldeslikely involvedin the
potentialintake and the likely severityof the intake,as indicatedby
resultsfrom workplacemonitoringof the individualand the environment.
Specificresponsesfor most probableradlonuclidesand scenariosat Hanford
follow. The discussionalso providesestimatesof minimum detectableintakes
(in terms of the resulting CEDE) that can be determined at various stages of
response.

5.1 TRITIUM EXPOSUREASSESSMENT

Single-voidurine samplingis the recommendedbioassaymethod for an unplanned
intakeof tritium. The first sample should be obtainedabout 2 hours after
the intake and should be the second voidingafter the intake. It is unlikely
that an intakeof tritiumcould occur at Hanfordthat would requireemergency
processingof urine samplesfor purposesof treatment,but emergency
processingmight be importantfor reportingpurposes. Priorityprocessing
(3-dayanalysis time) is usuallyadequate. This decisioncan best be made at
the time the sample is collected.

Followingthe first spot sample,an overnightsample or next-morningspot
sample should also be collected. Usually, dose assessment can be made based
on just these two samples, with a minimum detectable dose of about 1 mrem.
However, if the dose estimated at that time is greater than lO0-mrem CEDE,
then additional samples collected over the next 2 weeks should be collected to
improve the precision of the dose assessment.

5.2 MIXED FISSIONAND ACTIVATIONPRODUCTEXPOSUREASSESSMENT

Mixed fissionand activationproductsemittinggamma-rayswith energies
>300 keV are easily measured by whole body counting. A whole body, wound, or
thyroidcount (if radiolodlneIs suspected)within the first week after intake
is sufficientlysensitiveto confirman intake resultingin a few mrem CEDE.
Counts taken on the same day as the intakeshould generallynot be used for
dose assessmentbecauseof the possible interferencefrom external contamina-
tion and becauseof the rapidlychangingbiokineticsof the material. If a
same-daycount results in an estimateddose >10-mremCEDE, then an additional
count should be obtainedduring the next 7 days. If the estimateddose is
>100 mrem, severalmore counts shouldbe obtainedover a period approximately
the same as the effectiveretentionhalf-timein the body (or 6 months,
whicheveris shorter)to quantifythe dose.

Within this category,excludingspecialresearchprojects,only 137Cs, 60C0
and 1_/1_Euare of concernnow at the Hanford Site. Other mixed fissionor
activationproductshave either decayedaway or are mixed with and produce
much less dose than the three principalradionuclides.
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If '37Cs ts detected and the estimated dose from the 137Csis >lO-mrem CEDE,
then a urine sample should be analyzed for g°Sr.

e 5.3 STRONTIUM-90EXPOSUREASo£SSMENT

There are some01aces onstte where workers may be exposed to 9°St wtthout
-- accompanying _TCs or other gama,emttttng radtonucl_des. Generally, a

1Z-hour urine sample analyzed by expedite processing is sufficient to give a
prompt indication of the severity of the tntake down to a few mrem. Actual
dose assessment should be based on at least one 24-hour (or 24-hour simulated)
urine sample taken a few days after the intake and analyzed by priority
processing. If the preliminary dose estimate is >100 torero, then several urine
samples should be obtatned during the next couple of months.

I6 workplace monitoring indicates a potential for a vew large |ntake, then
same-day and next-day in vlvo counts should be made and a second-void urine
sample should be obtained and analyzed by emergency processing. In vtvo
counting should be able to detect an intake down to 1-rem CEDEwithin a few
hours after intake, and the urine sample should be able to detect an intake
around lO-mrem CEDEwithin 12 to 24 hours after intake. Therefore, a decision
to begtn or end treatment can easily be madewithin a few hours after intake.

5.4 URAN_UHEXPOSUR_ASSESSMENT,SOLUBLEFORM5

Because _anium at Hanford is natural, depleted, or just slightly enriched (up
to 1.2% <°°U), soluble forms of uranium (e.g. UO_and uranylnttrate) pose a
chemical as opposed to a radtologlcal hazard. If a major intake is suspected,
early response is focussed on the kidney burden relative to the threshold for
toxicity (Sula et al. 1991). A same-day chest count should be made as quickly
as possible, and a second-void urtne sample should be obtained and analyzed by
emergency processing. The second-void urine sample should be followed by an
overnight or 12-hour sample. Twenty-four-hour samples would follow if the
worker was betng treated. The chest count should be able to detect an intake
of about 14-21 mgdepending on how soon after intake the measurement is made,
and the spot urine sample should be able to detect an intake of about 1 mg.
If anything ts detected In a chest count, or tf the spot urine and 12-hour
urine samples exceed 0.1 mgor 0.5 9, respectively, then HEHFshould be
notified. Monitoring of kidney function is recommended.

If workplace monitoring or prompt urine results indicate that the threshold
for toxicity was not approached, then actual dose assessment should be based
on at least one 24-hour (or 24-hour simulated) urine sample taken at least
3 days after the intake and analyzed by priority processing. The 3-day delay
allows for elimination from the body of the unabsorbed fraction of the intake,
which can introduce a large error in the dose calculation. Doses down to
fractions of a mremcan be detected at that time.
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5.5 URANIUMI_XpOSUREASSESSMENT,INSOLUBLEFORMS

Urantum that is more slowly transferred from the lung or wound site can also
be encountered at the 303-M, 333, and 306-W Buildings and may posstbly be
contained tn 11qutd effluent ptpes or dtsposal sites associated with the
buildings.

An Inhalation of urantum associated wtth the 303-M butldtng ts considered the
most difficult to detect because it is mostly class Y material, specifically t
10%class D and 90% class Y. Consequently, the dose calculations were based
on 303-M uranium as a worse case. Details of the response protocol are gtven
in Table 5.1. Because of the 10%class D component, early urine samples
provtde adequate sensitivity to an Intake. But the urine samples should not
be relied on entirely; for potentially large Intakes, early fecal samples are
essential. This is because virtually all of the dose is contributed by the
class Y component, and fecal samples give the best esttmate of the quantity of
class Y matertal in the intake. If dose calculations are based on urine
samples alone, a small uncertainty in the percentage of class D matertal
present tn an tntake could lead to a large miscalculation of the dose.

If activity in urine remains above normal after the first couple of days, then
additional urine samples should be obtained at about 5, 10 and 30 days after
intake.

If there Is only normal activity in urine but the activity ts >100 times the
minimumdetectable amount (MDA) in feces, then as a minimum an additional
fecal sample should be obtained at about 20 days after intake. Two samples,
at 10 and at 20 to 30 days, are preferred.

Fecal samples are not required for intakes of insoluble uranium by wounds
because there Is no transfer of systemic uranium to the gastrointestinal
tract. However, for a very significant intake of uranium via a wound,
a couple of fecal samples should be obtained to provide proof of this
assumption.

Because of the lower specific activity of uranium relative to plutonium,
workplace monitoring is a more reliable indicator of the severity of a uranium
intake. For instance, the intake resulting in a 500-mrem CEDEis about 5 mg,
whtch should be readtly detectable tn the workplace. Consequently, the
btoassay protocol is less automatic than for plutonium and can be tailored to
reflect the seriousness of the intake as indicated by workplace monitoring.
The deciston to perform emergency processing of a spot urine sample on one
extreme versus priority processing of a 24-hour sample on the other is more
subjective. Whenworkplace monitoring implies that the intake is likely to be
<100 torero, then fecal sampling can be skipped.
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TABLE5.1. Inhalation of Rec_fcled Urantum from 30314, _ Treatmenti I i Hill Ir III i 1 ,.,

Days
Post- WhenResults What Can Be Satd Problems or
Intake Measurements are Known at That Potnt Comments

Same 3000-s chest Sameday Can say if CEDE If Z3SUor Z34Th
day count is < or > 5 rein detected,

advtse HEHF
for treatment
dect si on.

i i i

Same 2nd voiding Sameday or Can say if CEDE If spot urine
day spot urine, first thing is < or > 1 rem >60 /_g, advise

emergency next morning HEHF for
processing. ........ treatment •

1 If chest count End of second No real change
detects day in detectable
activity, then dose, but second
collect a 12-h chest count will
urine, help determine
emergency spl it between
processing, and class D and
a second chest class Y, and
count. 12-h urine will

improve accuracy
of dose estimate
and efficacy of
treatment.

,,, ,m, ,,, ,m,,

1 If first chest Morning of If nothing in If nothing in
count did not the fifth day sample, then 24-h sample,
detect dose is 0 to collect at
activity, then 10 mrem. least one more
collect 24-h and analyze
total urine and priority
expedite processing.
processing.

I-3 Total fecal 12 to 14 days Used to
excretionfor after intake determine
first 3 days; class Y
priority componentof

• processing, intake
"I i_ 1 i,
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5.6 PLUTONIUMEXPOSUREASSI_$$MI_NT

Plutoniumof concern at Hanfordtends to be a mixture characterizedby about
6% 24°puby weight. The time since the plutoniumwas purifiedvaries from a
few years to many year_.sothat there has been ample time for Z4ZAmto grow
into the mixture from "_'Pu. This material is referredto as "aged 6%
plutonium mixture."

The response protocol listed in Tables 5.2 to 5.4 considersboth inhalation •
classesW and Y, althoughwork by Stradlingand Stather (1989)has indicated
that class W plutoniumbecomesmore and more like class Y as it ages, i.e., as
it oxidizes at normal room temperatureand humidity.

Detailsof the bioassayprotocol and minimumdetectabledoses at various
stages after an inhalationintake are providedin Tables 4 and 5. Basically,
the bioassayprotocolconsists of a same-daychest count, a second-voiding
urine sample

• a I2-hoururine sample collectedafter the second voiding

• a 24-hour urine sample collectedimmediatelyafter the 12-hoursamp!e

• al__!lof the fecal excretionfor the first 3 days after the incident.

The fecal samplesare essentialif sensitivityat a few-hundred-mremCEDE is
to be obtained for class Y plutonium. If activityhas been detected in urine
during the early samplinglisted in Tables 5.2 and 5.3, then additionalurine
samplesshould be obtainedat about 5, 10, and 30 days after intake. If there
has been no activity in urine but activitywas >100 times the MDA in feces,
then as a mini_,uman additionalfecal sample is obtainedat about 20 days
after intake. Two samplesare preferred,at 10 days and at 20 to 30 days.

Detailsof the bioassayprotocolfor a plutonium-contaminatedwound are
provided in Table 5.4. Basically,the protocolconsistsof same-daywound
counts and at least one urine sample. The decisionon the type of urine
sample (e.g., spot or 12-hour)and processingtime will depend not only on
what the wound count indicatesbut also on other contaminationdata (e.g.,the
resultsof the blood sampleor the level of contaminationon the wound source
or on skin around the wound). Fecal samplesare desirablefor large intakes
but are not essential.

For wounds, the issue is not so much the sensitivityof early bioassay
measurements,especiallyfor shallowwounds, but the time involvedto
determinethe biologicalbehaviorof the material. For instance,it may take •
months to determinethe transferrate of plutoniumfrom the wound to blood and
the quantityof plutoniumtransferredto the lymph system insteadof to blood.
ProlongedDTPA treatmentwill also prolongthe time until the CEDE can be _
quantified.
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. TABLE5.2. Inhalation Of A_led.6% Pu Mixture_ No DTPAStven at Workstt e

Days )#hat Can be
Post- WhenResults Satd at )#hat Problems or

" Intake Measurements are Known Point Comments
i iii ii i i

Same 3000-s chest Sameday or Can say if CEDE If anything
day count; second first thing is < or > detected,

_o voiding spot next morning 12 rem should
Urine; emergency admtni ster

. . processing ....... DTPA.

1 12-h urine, End of second If nothing in If nothing in
emergency day urine or chest, urine or
processing; then intake is chest, then
second chest class W <5 rem, DTPA is not
count if first class Y <10 rem needed.
result detected

activity If Pu alpha in
urine >2 dpm,
then consider
initiating
DTPA.

iii ,,,

2 24-h total Morningof If nothingin From bloassay
urine, expedite fifth day sample (and data, still
processing previouschest won't know

counts),then inhalation
CEDE class W class of
<500 mrem, material
class Y <5 rem

,, HI ,

1-3 Total fecal LEPD results: If nothingin
excretionfor 6-7 days LEPD analysis,
first 3 days,, after intake then CEDE
after intake_aj <500 mrem

IPA priority:
Two processings 16-17 days If nothing in
by lab: I) LEPD after intake IPA, then CEDE
expedited <100 mrem
processing,
2) IPA priority

processinQIii' I I i i IIIII I I

(a) If more than one sample is producedin a day, the samples shouldbe
compositedinto a single sample before analysis.i i , I
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TABLE5.3. Inhalation, Aged 6% Pu Mixture, DTPAProgptly Administered
Based on Workplace Data ............

Days
Post WhenResults What Can be Said Problas or

Intake Measurements are Known at What Point Commnts
i ,m nml ,,i

Same 3000-s chest Sameday or If CEDEis < or Consider
day count; second first thing > 12 rein. Much second DTPA f

voiding spot next morning lower dose tf shot if
urine, sure material is anything
emergency class W. detected in
processing., spot, urine.

1 12-h urine, End of second If nothing in If nothing in
emergency day urine or chest, urine or
processing; then intake is chest, then
second chest class W <2 rem, DTPAcan be
count if 1st class Y <10 rein. discontinued.
detected If Pu alpha
activity, in urine is

>2 dpm, then
consider
continuing
DTPA.

im m I ii I

2 24-h total Morning of 5th If nothing in From bioassay
urine, day. sample (and data, still
expedite previous chest won't know
processing, counts), then inhalation

CEDEclass g class of
<200 rein, class material.
Y <4 rem.

,i

1-3 Total fecal LEPDresults: If nothing in
excretion for 6-7 days after LEPDanalysis,
first 3 days., intake; then CEDE
post intake, taJ IPA priority: <500 mrem.
Two lab 17-18 days If nothing in
processings: after intake; IPA, then CEDE
1) LEPD IPA routine: <100 mrem.
expedited, about 6 weeks
2) IPA prior- after intake
ity processing
(or rout i ne
processing if
cost is a

I I factor) ....... I ............ --

(a) If more than one sample is produced in a day, the samples should be
.... composited into a single sample before analysis. .....
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TABLE5.4. Woundcontmtnatton by Aged6%Pu Mixture,
No OTPAGtven at Workstte

i IIH. I I II III I IIII I I1| . II I I I I I I

Oays What Canbe
Post Measurwents Whenresults Said at What Problas or

Intake are Known Point Comments
i,. i, i i ,11 i i i ..i i iii i i i

Same Oneor more Sameday or Can say tf CEDE If anything
day woundcounts; first thing is < or > detected in

secondvoiding next morning. 3 rem. woundor
spot urine; urine, should
emergency administer
processing. DTPA.

If activityin
woundis
>O.5nCi,
excision
shouldbe
considered.

,ii i Ullm iiiii i iiiii i

I 12-hurine, End of second Minimum If nothingin
emergency day detectabledose urine or
processing; somewhat wound,then
secondwound <3 rem, but DTPAis not
count if first cannot say needed. If Pu
detected exactly due to alpha in urine
activity uncertainty in >2 dpm, then

transfer rate consider
fromwound, initiating

DTPA.
mlm iiii

2 If nothingwas II days If nothingin
detectedin sample,then
previous CEDE<I00mrem
samples,then
one additional
urinesample
(24-h-
simulated) is
collected;
priority
processing.

ii,

2 If activitywas detectedin previoussamples,thenadditional
- wound,urine,and possiblyfecalsampleswillbe needed. Pro-

cessin9 will dependon the activityin the samples. ,.
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The dose estimates in the tables assume that 241Amhas had about 5 years to
build into the mixture. Longer ingrowth times will improve the chest and low-
energy photon (LEPD) fecal detection capabilities somewhat, but never by more
than a factor of 3. However, shorter ingrowth times drastically reduce the
sensitivity of chest and LEPDfecal counting. Intakes of freshly separated
plutonium or pure isotopes of plutonium, are especially difficult to detect
via btoassay. A special btoassay program is needed for work wtth such
material; Internal Dosimetry should be consulted before work is begun.

f
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6.0 GUIDESFORII04EOIATECARE

6.1 ACTION OR INTERVENTIONLEVELS

Notificationlevels based on workplaceindicatorsfor reactingto a potential
intakewere provided in Section4.1 (Table4.1). The intent of these notifi-
cation levels is to provideguidancefor field responseto any potential

' intakeof radioactivematerialwith a potentialfor a dose commitmentthat is
>iO0-mremCEDE. Table 4.2 providednotificationlevels to the HEHF physician-
on-call, for possibleearly medicalinterventionin an internalcontamination
event. These tables are based on generalconsiderationsand significant
experiencewith past intakesof radioactivematerial and, becausethey are
based on field measurements,do not correspondwith any exact dose commitment
to the worker.

Separateaction levels are developed,based on bioassayresults,which will
occur at a time later in the incidentrecoveryprocess. These action levels
have a strong correlationwith the dose commitmentreceivedby the worker for
differentintake situations,althoughthe degree of uncertaintyis high -
especiallyin early bioassaysampleresults. Thus, the followingaction
levels are conservative,and are to be used to assist in the medicaldecision
to treat the intake.

The decisionto administertreatmentand the treatmentprotocol are solely the
responsibilitiesof the physicianin charge. The basic principleis that the
proposed interventionshoulddo more good than harm (Gerberand Thomas 1992).
Guidelinesfor the medical interventionof a radionuclideintake can be found
in severalpublications. NCRP ReportNo. 65 (NCRP 1980) and the joint
publicationof the Commissionon EuropeanCommunities(CEC) and the DOE
Gui eb k fo e Tre tment f A cident l nternalRadionu¢lideContamination
ofWorkers (Gerberand Thomas 1992) both containdetailedguidance in
interventionand medical proceduresuseful in mitigatingradiation
overexposures. The CEC/DOEGuidebookhas been based on the annual limit on
intake (ALl) for action levels,ratherthan on CEDE, to overcome the problem

of uncertaintiesin dose per unit,intake ;_ ICRP has reconwnendedinPublication60 (1991a)a 2-rem y'" (20 mSv " limit on effectivedose. Thus,

the ALIs found in ICRP Publication61 (1991b)and used in the _EC/DOE
Guidebooknoted above are those which would providea 2-rem y-CEDE insteadof
currentU.S. regulationsof 5-rem y'_CEDE. Guidance in the CEC/DOEGuidebook
can be summarizedas follows:

• When the estimatedintake is below one ALl, treatmentshould not be
- considered.

• When the estimatedintake is between I and 10 times the ALl, treatment
should be considered. Under these situations,short-termadministration
will usuallybe appropriate,except for intakeof materialspoorly
transportedfrom the lung (classY).
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• When the estimated intakeexceeds 10 timesthe ALl, then extended or
protractedtreatmentshould be implemented,except for materialspoorly
transportedfrom the lung.

• For poorly transportedmaterial in the lung, lung lavage is the only
recommendedtreatment,and it is only a considerationfor intakes
exceedingI00 times the ALl.

Becausethe dose associatedwith the ALl in the CEC/DOEGuidebook is 2-rem
CEDE and becausethe upper administrativelevel allowedby the DOE RadCon
Manqal is 2 rem, the Hanford Site generallyuses 2 rem and 20 rem as
interventionlevel guidance in the manner presentedin the CEC/DOEGuidebook:

• When the estimatedintake is below 2-rem CEDE, treatmentis not
generallyrecommended.

• When the estimated intake is between2-rem and 20-rem CEDE, treatment
should be considered. Under these situations,short-termadministration
will usuallybe appropriate.

• When the estimatedintakeexceeds20-rem CEDE, then extendedor
protractedtreatmentis stronglyrecommended,except for poorly
transportedmaterial in the lung.

6.2 SPECIFICBIOASSAY INTERVENTIONLEVELS

Generalguidelinesfor when treatmentmay be consideredreasonable,based on
specificbioassay results,are presentedbelow for radionuclidescommon at
Hanford (see Table 6.1). Except for plutoniumand insolubleuranium,they
have been developedusing internaldosimetrymodels to derive intakesthat
result in a CEDE of 2 rem and 20 rem, correspondingto the intervention-level
guidancediscussedabove.

6.2.1 Tritium

Tritiumcannot be measured by in vivo bioassaybecause it emits only a low-
energy beta. The most sensitivemethod for bioassaymeasurementis the amount
of tritiumin urine, used to estimatethe total tritium in body water.

Treatment (2 rem and 20 rem). If the resultsof either a single-voidurine

sample taken 3 to 4 hours after exposure (to ensure equilibriumof tritiumin
body water) or a followingovernightsample exceeds 10 dpm/mL,HEHF should be
notified (implyingan in)akeresultingin a CEDE of about 2 rem). If the
urine content exceeds 10"dpm/mL,treatmentis stronglyindicated(implyingan
untreatedCEDE of 10 to 20 rem).
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TABLE6.1. General Guidelines for WhenTreatment Nay be Cons4dered
Reasonable, for Radtonucltdes Commonat Hanford

i iii ilili li ii | i li iii ililli II Ill i I i ,,

Isotope Measurement Result Actton Posstble
Treatment

iiiii iii i i lilililli iiii i i i I i i illl ii ii ill

Tritium iiiH i,i i i i ,,,,,

, 2 rem Single-void 106 dpm/ml Notify HEHF Flutds,
urine 3-4 h diuretics
after
exposure i it11 i, ill ill l i i ii

20 rem Same 107dpm/mL Strongly Fluids,
recommend diuretics
treatment

i ...._' Ill IIi i llll i I II Jill i r lllilli i ' i II

Mixed Fission Products
,i ii.,.,,m , ,,,.l ,, ,.,, i i , .Hi i ii ,,ii

2 rem Whole body >2500 nCi Notify HEHF Prussian
(assumes2:1 count, or uptake,or blue
Sr/Cs ratio) urine/fecal >40,000nCl if Ca,(Sr),

for severe no Sr present ammonium
intakes phosphate,

others

20 rem Same >25,000nCi Treatment Same
(assumes2:i uptake,or strongly
Sr/Cs ratio >400,000nCi if recommended

no Sr present........ i IllII

9OSr

2 rem Second-void >200,000 dpm in Notify HEHF Alginate, Ca
spot urine or spot urine, gluconate,
In vtvo or Sr lactate,
detection >MDA in vivo others

20 rem Same >2,000,000dpm Treatment Same
in spot urine, strongly
or recommended

>50 FCi in vivo i i

Uranium,Soluble

Potential Chest count >MDA (14-21mg) Notify HEHF Na or Ca
" kidney bicarbonate;

toxicity Second-void >0.1 mg intestinal
urine sample adsorbants

12-hoururine >0.5 mg
., sample

i! ,,H,, i II "
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TABLE6.1. (continued)

Isotope Neasuraent Result Act|on Possible
Treatment

Uranium Insoluble (a)
ii i ,iJ ii i i i i, i i. i

2 rem Chest count >HOAfor 235U
Z34Th or Nottfy HEHF Nonerecommended

i . i i l lll i i i , i i i i

200 rem Same 100 x ALl Treatment Lung lavage
strongly
recommended

ii i i iii i i i

P1uton i um
i,l|i. , i i, i i i i i i

...... For plutonium tntakes_ refer to Tables 5.4 and 5.5.

(a} If soluble component Is present, then urine sampling ts appropriate.
Use same action levels as above for soluble uranium.

I II I I

6.2.2 Mixed Ftsston Product#

Mixed fission products can be detected easily by whole body counting. Minimum
detectable doses for the major radtonucltdes encountered at Hanford are on the
order of a few mrem CEDE. In severe intakes, other btoassays such as urine or
fecal sampling can be implemented to provide a complete picture of the modes
of clearance and retention of fission products. Cesium-137 and _Sr are the
most prevalent fission products left at the Hanford Site.

Treatment (2 rem and 20 rem). For 137Cs at I-day post-intake,if the whole
body contentexceeds 2,500 nCi, HEHF should be notifiedand a spot urine
sample shouldbe analyzedfor radiostrontiumby emergencyprocessing. If the
whole body contentexceeds25,000 nCi, treatmentis strongly indicatedand a
spot urine sample should be analyzedfor radiostrontiumb_ emergqQ_y
processing. Both of these levels assumea 2:1 ratio for °VSrto'*'Cs for
conservativeness. If it is likely that no _Sr is present,then the whole
body contenttreatmentquantitiesbecome40,000 nCi and 400,000nCi,
respectively.

For S°Coat l-day post-intake(assumingclass Y), if the whole body content
exceeds 5,000 nCi, HEHF should be notified. If the whole body contentexceeds
50,000 nCi, treatmentis strongly indicated.

F

6.2.3 strontium-g0

Strontium is normally associatedwith mixed fissionproductsat Hanford
although there are some locationswhere it can be found without this
association. Although urine samplingis most sensitive,for larger intakes
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measurements of the skull or whole body can be undertaken to detect the
bremsstra!1ung radiations from the beta emissions.

Treatment (2 r Q_ and 20 rem). If a second-void spot urtne sample exceeds
200,000 dpm or tf anything ts detected tn vtvo, HEHFshould be notified. If

i the second-void spot urine sample exceeds 2,000,000 dpm, treatment ts strongly
indicated.

6.2.4 Uranium. Soluble Forms

Soluble uranium materials at Hanford pose a problem From chemical toxicity
rather than from radtologtcal toxtctty due to the low enrichment found on the
site (<1.2% 235U.) A major intake of uranium should focus on kidney content
and potential nephrotoxlctty.

Treatment (nephrotoxtctty). An |nhalatton intake of 8 to 15 mg should be
considered potentially large enough to produce a kidney burden at or near the
threshold for transient toxicity, and treatment (or at lep_ monitoring of
kidney function) should be considered (Sula et al. 1991). *°jr A same-day
chest count should be made, and a second-void urtne sample should be obtatned
and analyzed by emergency processing. If anything is detected in a chest
count, or if the spot urine and 1Z-hour urine samples exceed 0.1 mcjor 0.5 mcj,
respectively, then HEHFshould be notified. Usually, the treatment for
Intervention ts sodium or calcium bicarbonate. Monitoring of kidney function
is recommended.

For wounds, excision by surgery is not usually recommended,due to the high
transportability of the material. A woundwith 4 to 8 mcjor urine samples
containing uranium at 0.1 mcj(for spot urine samples) or 0.5 mg (for 12-hour
samples) should involve notification of HEHFand kidney function monitoring. I

6.2.5 Uranium, |nsol_ble Forms

Uranium found in buildings 303-M, 333, and 306-W co,tatn a much higher
proportion of slower-clearance class Y material. Both 3000-second same-day
chest counts and second-void spot urine samples are used for rapid estimation
of the intake.

Treatment. There is no simple treatment for class Y componentsof the intake
retained tn the lung. If anything is detected in a chest count (Implying a
potential CEDEof 2 rem), then HEHFshould be notified, although it is
doubtful that any treatment wi11 be appropriate. Lung lavage should be
considered only fg_ extremely large in_Lkes. If the chest burden exceeds
200 nCi (600 mcj)_°°U or 10 nCi (5 mcj)_°°U then treatment for removal of

(a) McGuire, S. A. 1990. "Chemical Toxicity of Uranium Hexaflortde Related
to Radiation Doses." NUREG-1391,draft report for comment. U.S.
Nuclear Regulatory Commission, Washington D.C.
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activity tn the lung should be discussed. These burdens imply a potential
CEDEof 200 rem or approximately 1700-rem committed dose equivalent (CDE) to
the 1ung.

Because there is somesoluble material associated with the intake, nephro- t"
toxicity can still be of concern for large intakes If the second-void urine
sample or the 1Z-hour urine sample exceeds 0.1 mgor 0.5 rag, respectively,
then HEHFshould be notified. (This excretion would imply an intake of about
40 mcj.) Monitoring of kidney function is recommended.

Woundsthat contain uranium metal exhibit a serious surface dose consequence
to surrounding tissue due to beta particles (>ZOOmrad/h). Excision should be
considered in these cases if the wound contains > 20 mg. Based on the 2-rem
CEDEcrJt_erton, treatment should _)_considered for wounds containing about 170
nCt of _°°U and/or about 8 nCl of "°_U (in oxide form). At the same time, the
urinary excretion should be watched closely because, if the material leaves
the wound quickly, nephrotoxicity may be of concern.

6.2.6 Plutonium

Treatment. Plutonium Is treated by removal from blood and systemic organs
using DTPAchelation via injection (by HEHF). This means that treatment does
not affect activity in the lung to any appreciable extent, so treatment based
on dose per untt tntake (which ts influenced by lung dose, especially for
class Y material) is not as reliable an indicator of benefit. On the other
hand, there is a direct correlation between OTPA, urinary excretion, and dose
averted because of plutonium excreted. The CEDEdose averted per dpm excreted
in urine is about 2 mrem, and the excretion enhancement factor using DTPAcan
vary from about 10 to 50. So if OTPAis administered when untreated excretion
Is 2 dpm/day, excretion should Increase to ZO to 100 dpm for a dose savings of
40 to 200-mrem/day CEDE. It is probable that the efficacy of treatment will
decrease with continued administration as plutonium is removed from the liver
and the rate of transfer from lung to blood decreases. Ceasing DTPAtreatment
when excretion drops to below 2 dpm/day probably sacrifices less than
40 mrem/day.

For wounds refer to Table 5.4 above. Generally,any detectableplutonium in
the wound or in spot urine samplesshould warrantconsideringadministration
of DTPA. If the activity in the wound is >5 nCi, excisionof tissue should
also be considered.

6.2.7 Inaestionof RadioactiveMaterials

Similarconsiderationsfor treatmentor interventionlevels apply to ingestion
of radioactivematerialsas to inhalation. Exposureof the lower large
intestinefor poorly transportedchemicalspeciescan be considerablein
large intakes,but rapid clearancethroughthe gastrointestinal(GI) tract to ^
feces occurs. If an intakecould potentiallyresult in dose to an organ in
the GI tract exceeding50 rem, treatmentshould be considered.
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6.3 WORKRESTRICTIONS

Under any of the above intake circumstances, a work restriction should be
imposed to proh|btt the worker from receiving further occupational radiation
dose until an estimate of his/her dose is completed.

I 6.4 METHODSOF TREATMENTFOR INTAKES

Many forms of treatment exist for the reduction in dose equivalent to patients
or workers after an accidental intake of radioactive materials; this document
will not attempt to distinguish all the potential treatmnt regimes that may
be decided upon by the physician.

Several recent guidance texts are available and should be consulted for exact
treatment agents for most radtonucltdes. The CEC/DOEGuidebook provides the
most recent guidance by the radiation protection comuntty on chemical block-
ing agents, chelation treatments, dtlutton treatments, and many other forms of
non-surgical intervention. It includes a quick reference table (Table 6.1)
that lists important radtonucltde and treatment data for most radtonucltdes
encountered in radiation protection. In addition, NCRPPublication 65 (1990),
though not as recent, includes extensive information of the operations during
response and recovery to an accidental contamination. A quick-reference
chapter (Chapter 2) is especially valuable for the early stages of incidence
response and identification of potential intake victims. It also includes a
reference table for administration of treatment agents.

The most cowonly encountered treatments for accidental Inhalation intakes at
Hanford include chelation therapy by CaDTPAor ZnDTPAfor plutonium/americium
intakes, sodium bicarbonate or other bicarbonates for uranium intakes, fluids
or diuretics for tritium uptakes, and prusstan blue for _37Csintakes. Many
other agents are available at the discretion of the treating physician. For
treatment of ingestion intakes, stomach lavage, the use of laxatives and
purgatives, and the administration of blocking agents may all be constderedln
the event of large ingestion of radioactive materials. Woundsare often
treated with excision of tissue, depending on the measured activity found in
the wound and the subsequent dose received by the patient if the excision is
not performed. These are all medical procedures and will be determined as
appropriate only by the physician treating the patient. Advice on the dose
consequences of performing or not performing a treatment will be provided to
the medical staff by the exposure evaluator and associated professional staff.
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ACRONYHSANDABBREVIATIONS

AMAD acttvity median aerodynamic diameter

ANSI American National Standards Institute

ALI annual limit _n intake

BCSR Boeing Computer Services - Rtchland

CEDE committed effective dose equivalent

CL contractual detection level

CNO container-not-out

DAC derived air concentration

DAC-hours Lime-Integrated exposure to airborne contamination

DEHS Dose Evaluation HanagementSystem

DOE U.S. Department of Energy

OPI days post-intake

DTPA diethylenetrtamine pentaacetic acid

EDE effective dose equivalent

EDF Emergency Decon'_aminatton Faci]ity

EE Exposure Eva]uator

EPA U.S. Envtronmenta] Protection Agency

ER environmental restoration and remedtation

G! gastrotntesttna]

GPS GoodPractices Standard

HEHF Hanford Environmenta] Health Foundation

HHS Hanford Hea]th System (database)

Historical Ftles Hanford Radiation Protection Historical Files

HHS Hanford Hedical Scheduling

HRRP Hanford Radiological Records Project

HRRPL Hanford Radtological Records Project Library

HSRCH. Hanford Site Radiological Control Hanual

ICRP International Commission on Radiological Protection
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IDP (Hanford) Internal Dosimetry Project

INTERTRAC Internal Dose Tracking System

IS insufficient volume sample r

ITAS IT Analytical Services (Inc.)

IVRRF In Vtvo Radtoassay and Research Factltty +

KN kit not out

Lab Analytical Services Laboratory

LC lost container

LL lost tn lab

MDA minimumdetectable acttvtty/ameunt

NCRP Nattonal Council on Radiation Protection and Measurements

NO not delivered

NIST Nattonal Institute of Standards and Technology

NS no sample

ORE Occupational Radiation Exposure (System)

PNL Pacific Northwest Laboratory

POC Patrol Operations Center

QA quality assurance

QC qualitycontrol

RCM DOE RadiologicalControlManual

REIRS RadiationExposure InformationReportingSystem

REX RadiationExposure (System)

RL DOE RlchlandOperationsOffice

RPT RadiationProtectionTechnologist

SOW statementof work

TEDE total effective dose equivalent

WB whole body

WBC whole body count

WBCP Whole Body Counting Project

WHC Westinghouse Hanford Company
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j analysts code A code for computerized scheduling of the type of
analysts desired. For example, IPU denotes analysts
for 238pu and 239+24°pu.

t
annual dose The tnternal dose actually recetved tn, or asstgned

to, a part tcular calendar year.

annual 11mtt on The quanttty of a stngle radtonucllde whtch, tf
intake (ALI) inhaled or ingested |n a worktng year, would Irradiate

a person represented by ICRP Reference Man, to the
11mtttng value for control of occupational exposure.

bioassay Measurement of the amountor concentration of matertal
(usually radioactive material) tn the body or tn
biological matertal excreted or removed from the body
and analyzed for purposes of estimating the quanttty
of matertal in the body (according to ANSI Standard
N13.30-1989).

chest.measurement Direct measurement of radioactivity deposited tn the
chest region. The chest measurement includes
contributions from activity in the lungs and skeleton.

committed dose the dose equivalent to an organ or tissue committed
equivalent over a total 50-year period following an acute intake,

or onset of chronic intake, of radioactivity.

committed effective The sum of the products of the weighting factors
dose equiva]ent (CEDE) app]icab]e to each of the irradiated body organs or

tissues and the committed dose equivalent to those
organs or tissues.

container-not-out (CNO) A term denoting that the worker took the samp]e kit
tnstde hts/her residence but dtd not put tt out on
co]]ectton day.

contractual detection The required minimumdetection 1eve] which |s
level (CL) equivalent to the highest acceptab]e MDA. The CL

applies to the overal] process and not to individua]
", samples.

DAC-hours The time and concentration integrated exposure to
airborne radioactivity. Exposure to 1 DAC-hour
imp]ies one hour equiva]ent exposure to air at the DAC
va]ue, See also derived air concentration (DAC).

decision ]eve1 (Lc) The quantity of radioactivity (or mass for urantum
analyses) above which there is at ]east 95% confidence
that the sample |s not a blank.
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derived atr The concentration of a radionucltde tn air whtch,
concentration (DAC) tf breathed over a worktng year, would irradiate a

person represented by ]CRP Reference Han, to the
ltmtttng value for control of occupational exposure.
See also DAC-hours.

dose assessment The evaluation and assignment of a specific dose
associated wtth a specific intake. The dose assess-
ment ts documentedusing an evaluation report.

effective dose The sum of the products of the dose equivalent to
equivalent organs and tissues of the body and the respective

weighting factors, as designated in DOE5480.11
(1989). This dose ts comparable to an equal dose
received by total body exposure to gammaradiation.

evaluation report The formal documentation of an assessment of internal
dose. The evaluation report is filed by Radiological
Records tn the worker's radiation exposure file.

Exposure Evaluator The individual responsible for assessing and
(EE) documenting internal dose.

Field Dostmetry The componentswithin a contractor organization having
internal exposure radiation protection
responsibilities.

field monitoring Monitoring performed at facilities, including atr
sampling and personal contamination surveys.

head measurement Direct bioassay measurement of the radioactive content
of the head. Thts measurement ts used to estimate the
total skeleton content, and to correct a chest count
to provide an estimate of lung content.

insufficient volume A urine sample below the minimum contractual volume
for routine analysis. Thts sample wtll not be
analyzed; another sample should be submitted.

internal dose The dose equivalent to an organ or tissue, or to the
effective whole body, from radtonucltdes taken tnto
the body.

Internal Dosimetry The staff within the Pacific Northwest Laboratory's
Personnel Dostmetry Section who are assigned to the
Hanford Internal Dosimetry Project.

in vivo measurement Direct measurement of radioactivity tn the body.
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ktt A package containing btoassay sample containers.
Usually one ktt ts used for each sample, but sometimes
two ktts are used to obtatn one 24-hour total sample
(work fractton and home fraction).

ktt code A code designating the type of samp]e to be co]]ected.
(See Appendtx B, Tab]e B.4, for a comprehensive 11st
of ktt codes.)

lost in lab A sample that was lost during analysts. No results
can be obtained.

lost container A sample kit that was not retrievable by the
(or lost kit) Analytical Services Laboratory. A "container-not-out"

becomesa lost ktt if tt ts not retrieved tn 5 days.

lung count Dtrect bioassay measurement to detemtne the acttvtty
in the lung. The measurement ts detemtned from the
results of a chest count minus the act|vtty that is
contr|buted from the skeleton.

mtntmumdetectable An esttmate of the smallest quanttty that can be
activity (HDA) measured in a samp]e such that the risk for false

detection and false nondetection are each 5%.

non-stochastic effects Effects for whtch the severtty increases with dose,
and for which there may be a threshold dose below
which the effect does not occur. (Same as
deterministic effects.)

no sample (NS) A kit that was not used and rema|ned outside the
residence on col]ection day. The Analytical Services
Laboratory notifies Interna] Dosimetry of a "no
sample" within one day so that reschedu]tng can occur,
if necessary.

organ dose equivalent The assessed dose equivalent to an organ or tissue of
the body.

processing code The desired turnaround time for the analysts. A
shorter turnaround time results in less sensitivity
and/or higher cost. Four processing categories
exist, but not all radtonucltde analyses are available
for each category. (See Sectton 6, Tables 6.1
through 6.5.)

Radiological Records The sitewide support program, operated by the Paciftc
Northwest Laboratory, that maintains occupational
radiation records for the Hanford Site.
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reason code A computer code used to describe the reason that a
b'ioassay measurement is perforl_l. (See Appendix B,
Tables B.3 and B.9.)

reporting level The minimum level of a btoassay measurement result at
which the measurement laboratory shall provide prompt
verbal or electronic notification to Internal
Dosimetry.

screening level The minimum level of a btoassay measurementat which
somefurther review or action is advantageous to
determine whether follow-up measurementsor dose
assessment ts needed.

sequential analyses More than one radtochemtcal analysts performed on a
single sample. For example# IFS is the analysts code
for an IPU analysts and a ="St analysis performed on
the same sample.

statement of work The technical and administrative specification of work
(SOW) to be performed under contract by the Analytical

Services Laboratory.

stochastic effects Effects for which the probability of an effect
occurring, rather than its severity, is a function of
dose, without threshold.

total effective dose The sumof the deep-dose equivalent (for external
equivalent (TEDE) exposures) and the committed effective dose equivalent

(for internal exposures).

whole body Direct bioassay measurement to detemine the amount of
measurement high-energy, gamma-emitting radtonucltdes in the total

body.
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INDEX

) (Note: Referencednumbersrefer to manualsections, not pages.)

AnalyticalServicesLaboratory,6.1
$

analyticaland reportingrequirements,6.1,Tables6.1
through6.6 contractualdetectionlevels,6.1,
Tables6.I through6.6 servicesprovided,6.I summary
of analyticalmethods,AppendixC.I

bioassaymeasurements
baselIne, 5.I
confirmatory,2.I.I
end of assignment,5.1.7
externalcontaminationand,7.6.1
periodic,5.I
reasoncodes,6.3.2,Table6.9
reportingand screeninglevels,AppendixA
special,5.1
termination,5.I

bioassaymonitoringprogram

criteriaforworkermonitoring,
ALl basis,5.1.2
generalrecommendation,5.1,
DAC basis,5.1.I
DAC-hoursbasis, 5.1.3
designgoal,2.3
environmentalremediationwork,5.1.5
frequencyof measurements,5.3,5.3.2
long-termfollow-up,5.1.6
minimumdetectabledoses,5.3.1,5.3.3,5.3.4
offsiteexposure,5.1.8
pregnantwomenandminors,5.1.I0
programdesignbasis,2.3
selectionof nuclides,5.2,5.3.5
visitors,5.1.9
workergroup,5.1.4

biokineticmodels,3.3.6

chronicexposure,5.1.I3m

computerprogramsand codes,3.3.7,Table3.4
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dose assessment

assumptions used, 2.1.2
criteriafor performing,2.1, 3.1.1, 3.1.4, Table 3.1 (
documentation,2.1.3,3.2.2, 4.1
embryo/fetus,3.3.10
flowcharts, 3.3.9
localized tissue, 3.3.5
methods, 3.2.1, 3.3, 3.3.1, 3.3.2, 3.3.3
officialrecordof, 4.1
process,3.2, Figure3.1
reports,2.2, 3.2.2, 3.2.3
revisionsand updates,2.1.4
simplified,3.3.8
types,3.1.2

evaluationsof internalexpoRure

- see dose assessments

Exposure Evaluator (EE)

function and services of, 7.2
guidance for response, 7.6
how to contact, 7.4, 7.4.1, 7.4.2
response to incidents, 7.5, 7.6
when to contact,7.3

excretabioassaymeasurements

- see indirectbioassaymeasurements

good practice recommendations

identifyingbioassaymonitoringneeds, 3.4.1
identifyinginternalexposures,3.4.2
managing internalexposures,3.4.3

Hanford InternalDosimetryProject

charter, 1.1
direction,1.4
documentation,2.4 f
limitations,1.3
practices,2.0
programmaticdocuments,1.6 ,
relationshipto others, 1.5
services,1.2

HanfordPersonnelDosimetryAdvisoryCommittee,1.5, 2.0, 2.1.4
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inctdent response

contamination levels for notification,
) Table 7.1, Tab]e 7.2

detemtntng need for support, 7.3
_ gutdance for EE, 7.6

Hartford Interna] Contamination Inctdent
ResponsePlan, Appendtx E
tnfomatton to obtatn, 7.3.2
Interna] Dostmetw Project objectives, 7.1
Internal Dostmetry Project services, 7.2

Indicator radtonuclldes, 5.2

tndtrect btoassay measurements

contractua] detection ]eve]s, 6.1,
Tab]es 6.1 through 6.6
fol ]ow-up acttons to, 6.4.1
kit codes, 6.1, Tab]e B.4
ktt Instructions, Appendtx D
mtnimumsample stze, 6.1
reporting results, 6.3.3
schedu] i ng, 6.3.2,
summaryof methods, Appendix C

intake
assumedas confimed, 2.1.1
confirmation of, 2.1.1

interna] dose (see also "dose Cssessment")

INTERTRACdatabase, 4.2
offictal record, 4.1
recording practices, 2.1.2
reports, 4.3
requests for records, 4.4

INTERTRAC,4.2

in vivo measurements
_ chest counts, 6.2.2

fo]low-up actions to, 6.4.2
minimumdetectable activities, Tables 6.7 and 6.8
reporting results, 6.3.5, 6.3.6
scheduling, 6.3.4
specia] counts, 6.2.3
summaryof methods, Appendix C.2
whole body counts, 6.2.1
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1evel s,
contractual detectlon, 6.1, Tables 6.1 through 6.6
oral reportlng, Appendlx A
screening, 6.4.1, 6.4.2, Appendtx A (

potential tntake fractions, 5.1.3, Table 5.4

quallty assurance and control Y

Analytical Servtces Laboratory, 8.1.1
changes and revisions, 9.3, 9.3. I, 9.3.Z, 9.3.3
dose assessment, 8.2
In vlvo OA, 8.1.3
overslghtof lab QC, 8.1.2
projectdocumentatlon,9.I, Table 9.1
projectrecords,8.3

RadlatlonExposure (REX)Oatabase,4.2, 6.5

keys to selectedfleld codes,AppendlxB

screeninglevels,AppendlxA

response to, 6.4.1, 6.4.2

sample kit
dellvery and pickup, 6.1
instructions for use, Appendtx D
ktt codes, 6.1, Table B.4
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