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I. INTRODUCTION

This Radiation Protection Program has been prepared by personnel of the Kansas
State University TRIGA Mk Il Nuclear reactor facility in response to the requirements
of Title 10, Part 20, Code of Federal Regulations (10CFR20). The FACILITY is
operated under LICENSE R-88 (Docket 50-188) issued by the U.S. Nuclear
Regulatory Commission (NRC). The Program is executed in coordination with the
Office of Radiation Safety, Department of Public Safety, Kansas State University. It
has been reviewed and approved by the Reactor Safeguards Committee for the
Reactor Facility. Certain aspects of the Program deal with radioactive materials
regulated by the State of Kansas (an Agreement state) under LICENSE C0011-01
and the University Radiation Safety Committee has reviewed the Program, which is
responsible for administration of that LICENSE.

This program is a part of the Operations Manual for the Reactor Facility, although it
is published separately. A closely related part of the Operations Manual, also
published separately, is the Emergency Plan. Appendix A is a glossary of terms
used in the Radiation Protection Program. Appendices B and C contain lists of
operational and emergency procedures referred to in the Radiation Protection
Program.

The Radiation Protection Program is designed to meet requirements of 10CFR20. It
has been developed following the guidance of the American National Standard
Radiation Protection at Research Reactor Facilities [1] and Regulatory Guides
issued by the NRC [2-7].

2. MANAGEMENT AND ADMINISTRATION

Radiation Protection Program preparation, audit, and review are the responsibilities
of the Nuclear Reactor Facility Manager. The Reactor Safequards Commlttee
chaired by ‘the’Head :of:the’: Department ‘of.Mechanical “and /Nuclear. Engmeerlng
reviews the activities of the Nuclear Reactor Facility Manager and semi-annual
audits prepared under the direction of the Nuclear Reactor Facility Manager. The
Reactor Safeguards Committee examines records required by the Radiation
Protection Program as well as audit reports by the Nuclear Reactor Facility Manager
during their semi-annual inspections.

Training, surveillance and recordkeeping are the responsibility of the Nuclear
Reactor Facility Manager. ALARA activities, for which recordkeeping is the
particular responsibility of the Nuclear Reactor Facility Manager, are incumbent
upon all radiation workers associated with the reactor facilities.
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Substantive changes to the Radiation Protection program require approval of the
Reactor Safeguards Committee. Changes approved by the Reactor Safeguards
Committee for operating or emergency procedures apply automatically to the
Radiation protection program and corresponding changes may be made without
further consideration of the Reactor Safeguards Committee.

g PRt mv""m T RE RPEY RN W& iAol hin e

Chanqes approved automatlcally throuqh approval ‘of other, procedures Hedrtonal
chanqes ors chanqes to appendlces may be mcorporated |nto the fRadlatlon
Protectlon Proqram on the authorlty of the Nuclear Reactor Facrlrtv Manaqer These
chanqes SHALL be processed throuqh lndlwdual chanqe paqes |dent|f ed wrth
revrsmn Ievel and chanqe date. An mdex of chanqes SHALL be malntalned wrth a
summary of the reason for the chanqe a summary of the chanqe and a copy of the
superceded paqe The Reactor Safety Rewew Commlttee SHALL‘ revnewx.all
changes lmplemented since the’ prevrous TeView:

The Reactor Supervisor or the Nuclear Reactor. Facrllty Manaqer may devrate from
elements of the Program on a’ temporary ‘basis. for.réasons iof, facmty or. personnel
safety, the deviation SHALL be brought promptly to the attention of the Safeguards
Committee.

21 Radiation Units

The traditional units of Curie, rad, rem and roentgen are to be used in
recordkeeping. Sl units of Becquerel, gray and sievert may be used in calculations,
DOSE assessments and reports, so long as final results, conclusions, etc. are given
in traditional units as well.

EXTERNAL DOSE is to be recorded in terms of DEEP or SHALLOW DOSE
EQUIVALENT (index). According to the ICRP [8], the DEEP DOSE EQUIVALENT
(in rem units) is within 4% of the free-field exposure rate.(in roentgen units) for
gamma rays with energies between 0.6 and 8.0 MeV. Therefore, survey or area
monitoring instruments calibrated in roentgen units may be used for assessment of
DEEP DOSE EQUIVALENT in routine surveillances.

The total EFFECTIVE DOSE EQUIVALENT (TEDE) is the sum of the DEEP DOSE
EQUIVALENT for external exposure and the COMMITTED DOSE EQUIVALENT for
internal exposure. Internal exposure associated with the Reactor Facility has never
been a source of significant radiation exposure to workers or MEMBERS OF THE
PUBLIC. Should significant exposure be considered possible (such as in
connection with planned special exposures or in the conduct of ALARA reviews),
evaluation should follow the guidance of 10CFR20, Regulatory Guides [3-7] or the
ICRP [9-11].
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2.2 Radiation Limits

Occupational does limits (except for planned special exposures, as described in
Section 4.5), are given by 10CFR20.1201 as follows. Annual limits for adults, in
summary, is the more limiting of the following:

RADIATION DOSE LIMITS

POPULATION EXPOSURE LIMIT
EFFECTIVE DOSE .
EQUIVALENT (TEDE) S rem in one year
the lens of the eye 15 rem in one year

SHALLOW DOSE
EQUIVALENT to the skinor | 50 rem in one year
any extremity

Radiation Workers

EOX%%%IE\QTEI?NAL combined DEEP DOSE
EQUIVALENT and
COMMITTED DOSE 50 rem in one year
EQUIVALENT to any organ

other than the eye

MEMBER OF THE PUBLIC | EFFECTIVE DOSE
EQUIVALENT (TEDE) in one | 0.1 rem in one year

(NON OCCUPATIONAL year
EXPOSURE) TEDE 0.002 rem in one hour
3. TRAINING

Implementation of training for radiation protection is the responsibility of the Nuclear
Reactor Facility Manager. Training guidance, a syllabus, and a sample examination
are provided in Appendix D. All persons granted unescorted access to the Reactor

" Facility must receive the training and must complete -without assistance a written

examination over radiation safety and emergency preparedness. An examination
score of at least 70 percent is required.

Re-training for active researchers must be administered biennially except for

Reactor Operators and Senior Reactor Operators taking part in the annual Reactor
Facility Requalification Program.

4. SURVEILLANCE AND MONITORING

SR Y RIS PE T P ] XSO BRI Wy

The KSU Reactor Techmcal Specnf catlons and the KSU Reactor Facmtngmerqency
protectlon~ Penodlc survelllance requwements related to radlatlon protectlon and
|mposed onlv vna the KSU Nuclear Reactor Radlatlon Protectlon Proqram bv the
Reactor Safequards Commlttee are "tabiilated in‘table “Radiation Protection Program
E Penodlc Survelllance Actlwtleé
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LY TR e, e

NE)TE »Survelllances related to radratlon protectron and requnred sinzother. formally
approved documents:are not’ 'spécified: herem,hexcept by,reference

RADIATION PROTECTION PROGRAM - PERIODIC SURVIELLANCE ACTIVITIES

FREQUENCY SURVIELLANCE

Wipe test reactor bay and control room

Monthly Inspect respirators

Occupational Dose Record Review (when delivered)

Source inventory report

Source inventory and leak test

Quarterly SPECIAL NUCLEAR MATERIALS reports

Emergency equipment inventory

Review extremity monitoring report, when provided

Environmental surveillance (radiation levels at full power

Semi-annually Radiation Protection Program Implementation

Calibration of the pool surface monitor

Calibration of the AMS |1l air monitor

Annually Calibration of PD-10i Electronic Dosimeters
Evacuation Alarm Response Test
Biennially Radiation Protection Program Review

4.1 Radioactive Materials Accountability

Radioactive materials accountability is assured by a quarterly inventory report,
quarterly source inventory and leak test, and semi annual inventories of special
nuclear materials.

B ] DL I R R AR g By

;T he" quarterlv,rnventorv report i l‘nrtlated ‘by- Radratron Safetv Off icer; request and
returned totthe “RSO to ensure the bvproduct matenal *on the"’Kansas State
Unlversrtv campus meets LICENSE restnctrons The quarterlv source lnventorv and
leak test |s a phvsrcal check of s oraqe locatlon and .2 Ieak test of xall sources on
mventorv Seml-annual rnventones of SPECIAL NUCLEAR MATERIALS m’élude a
report on the status of matenal Ieased from DOEtnucIear matenal transactlon report
mdrcatmq fuel burnup and other transfers of SNM and mventory of SNM “at the
Facrlltv Facmtv MANAGEMENT and’ Fac1lrtv Staff prepare the reports -and.stibmit to
the Unlversrty Radiation Safety Officer.and the Department of, Energy

4.2 EFFLUENT MONITORING

Liquid EFFLUENT Surveillance

I e R o B R ]

Radloactrve "quurd waste IS ‘collected*ln ‘the reactor ‘bay + sump (tvplcallv
condensate from the alr, handllnq unlt.*sometrmes contamrnated wrth low

levels. of tritium). 5 The’ ~sump .is" Jbatch: drscharged ito, sewerage ‘When"watér
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oy AR Sny

quality;meets’ permitted dlscharge requrreméhts

MONITORING of liquid EFFLUENTS to sewerage assures compliance with
10CFR20.2003. Facility Procedures 19, 20, and 21 guide assays for
radionuclides emitting gamma rays, beta particles, and alpha particles.

Gaseous EFFLUENTS

e

Per 1OCFR20 1101 alr EFFLUENTS are constramed fo: O 01, rem perivear
Althouqh inormal s’ :
efﬂuent concentratlons hlqh enouqh ’t hal[enqe thls llmlt an alr momtor
svstem Was ﬁlnstalled to sample arr, representatlve of . reactor bav efﬂuent
stream ThlS momtor prowdes relatlve mdlcatlon that cohdltlons of air effluent
Hrenornial, and has an:annual CALIBRATION. requrred

4.3 CONTAMINATION MONITORING and SURVEYS
MONITORING

At exit of known or suspect CONTAMINATION areas, personnel shall monitor
at least hands and feet. If CONTAMINATION is detected, then a check of
exposed areas of the body and clothing should be made. Materials, tools
and equipment shall be monitored for CONTAMINATION before removal
from contaminated or RESTRICTED AREAS likely to be contaminated.

SURVEYS

Wipe tests of the reactor bay and control room are required monthly. Alpha
and beta particle assay for radionuclides is done following Facility Procedures
20 and 21.

Limits for Removable and Fixed CONTAMINATION

Acceptable CONTAMINATION levels for unconditional release are given in
the following table. Averages apply to areas less than 1 m’. Maxima apply to
areas less than 100 cm®.

CONTAMINATION LIMITS FOR UNRESTRICTED RELEASE

Nuclide Avg. dpm (fixed) Max dpm (fixed) Removable dpm
235 238
U, U, and decay 2 15000 per 100 2
products (. activity) 5000 per 100 cm em? 1000 per 100 cm
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CONTAMINATION LIMITS FOR UNRESTRICTED RELEASE

Nuclide Avg. dpm (fixed) Max dpm (fixed) Removable dpm

226Ra zzaRa 23°Th
228Th 231Pa 227Ac
125| 1&9l and
transuranics

100 per 100 cm® | 300 per 100 cm® | 20 per 100 cm®

2827, 0g,. 2, , , ]
224Ra’ 126 ’131I 135,l 1000 per 100 cm® | 3000 per 100 cm” | 200 per 100 cm
Other g-y emitters 5000 per 100 cm’ 15000 per 100 1000 per 100 cm?

cm

4.4 Environs MONITORING

Environs MONITORING is required to assure compliance with 10CFR20, Subpart F
(SURVEYS and MONITORING), and specific requirements operating requirements,
CALIBRATION frequency, and set point verification within the Technical
Specifications for the FACILITY OPERATING LICENSE including:

enm:;m- AT SR YRR O P A R %

B ii-Technical Specifications ~Section.C..Reactor:Pool requires:

Ry et

e Pool surface monitor

i
prasy

b. = “Technical'Specifications, Section’ 'EYRadiation, Monitoring requires:

TN B P R ST

fArea radiation monitor. Iocated ‘on‘or near.the’ pool’ brldge

FZir ¥ Area radiation monitors in the reactor. bay

BT ST TR T S
2 Continuous air, monitor

Additional MONITORING imposed by the Reactor Safeguards Committee is as
follows:

a. An evacuation alarm (high radiation level) is required at the 22-ft level
of the reactor. Response testing of the alarm is performed annually
following Facility Procedure 18.

b. Semi-annual environmental MONITORING, involving measurement of
both gamma-ray and neutron DOSE rates at the Facility operations
boundary with the reactor at full-power operation

Page 6 of 16
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G \When 'shielding is’changed from normal ‘configuration’

mnﬁb‘wr” L viacd avpeyg -

(=2

11111 TRTTR

ONITORING For: potentlal neutron ;and qamm' 2. eXpOoSUres::is
reqmred at ‘thé “AREA". OFWINTERESTWunder-vthe ‘followmg
conditions:

£
I

TN L i
3
S

<During.initial operatlon “With the. ‘shielding configuration

R

;;Each tlme ‘a’ new prewouslv ,untested conflquratlon ‘is
established or.a tested conflguratlon is modified

g vm—w« i A eraro e d} a‘ur\‘w,

F .q*g@e;-'gm-:-‘e‘- IR TR R AR T R ST PR Ty R e e
N

uringinitial- operatlon fat ;higher power»‘thanmprewous
- MONITORING

TGRS AT

(2) 5 SURVEYS *of the area affected bv the shleldmg :change‘are
reqwred i personnel will have access to the'area:

i st s Horg Ry LRE S .a;sx;mv'vr:- FELEE TR 2y A

(S)Md,MONITORING*ls«mot requnred_‘for;éa;};well defned shle!dlnq
configuration = that . breviouslyimet ; iradi
demonstrated b\'/'MONITORING (or. on| “normal
shlelqu) but mav “beiperformed “atithe i discrétionsiof Athe
Operator at the:Controls:

dg;_w‘-; Rt Al Toun el et M il Sy

@)z :Dunnq operatlons followhq shleldlznq chanqes

the operator at

S.; ot )
anomahes in shleldlng effectlveness

4.5 Personnel Exposure

7

INTERNAL DOSE MONITORING is required only for (1) adults likely to receive in 1
year in excess of 10% of the applicable ANNUAL LIMIT ON INTAKE for ingestion
and inhalation, or (2) minors or DECLARED PREGNANT WOMAN likely to receive
in excess of 0.05 rem COMMITTED EFFECTIVE DOSE in one year. The KSU
Nuclear Reactor Facility does not have potential for exceeding a DOSE that could
require INTERNAL DOSE MONITORING.

Regulation 10CFR.1502 requires MONITORING of workers likely to receive, in one
year from sources external to the body, a DOSE in excess of 10 percent of the limits
given in Section 2.2 of this program, and Individuals entering a HIGH or VERY HIGH
RADIATION AREA.

According to Regulatory Guide 8.7 [2], if a prospective evaluation of likely DOSES
indicates that an individual is not likely to exceed 10 percent of any applicable
DOSE LIMIT, then there are no requirements for recordkeeping or reporting.

Page 7 of 16
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Likewise, Regulatory Guide 8.34 [3] indicates that, if INDIVIDUAL MONITORING
results serve as confirmatory measures, but INDIVIDUAL MONITORING is not
required by 10CFR20.1502, then such results are not subject to the recordkeeping
requirements of 10CFR20.2106(a) even though they may be used to satisfy
10CFR20.1501 requirements. The regulation also requires MONITORING of any

“individuals entering a HIGH RADIATION AREA, i.e., areas accessible to major

portions of the whole body within which an individual could receive a DOSE
EQUIVALENT of 0.1 rem in one hour.

As shown in Appendix E, which lists OCCUPATIONAL DOSES for the last 12 years,
there have been no instances of any OCCUPATIONAL DOSE in excess of 10
percent of the above limits. Thus, retrospectively, only confirmatory MONITORING
would be required and 10CFR20.2106(a) recordkeeping requirements would not
apply, so long as-there-are no significant changes in the Facility operating
procedures, or occupational expectations. If, in the view of supervisory personnel
(Reactor Supervisor, Facility Manager, or Radiation Safety Officer), any action under
consideration might lead to DOSE in excess of 10 percent of any applicable limit,
then the ALARA program is triggered. A consequence of ALARA program planning,
which is described in Section 6, might be the imposition of federally required
recordkeeping procedures.

MONITORING of workers and MEMBERS OF THE PUBLIC for RADIATION
EXPOSURE required by the Reactor Safequards Committee_and is descrlbed |n
Facility Procedure 9. Obrectlves lmplemented through ‘Procedure 20 416 “ensure

Fcontr ol of; personnel RADIATION EXPOSURE iiriéludeé’

X i LA AR <t G putidri gl ¢ ogvact A TP SN FUA WISt SR Lo A o s L N T

Personnel’ who enter he control room
holdf authorrzatron 0 . H
supervrsron of an escort*(r‘e escorted mdrvrduals can be observed bv
and ‘hear. rnstructrons v of ithe escort) 1iwho 1 holds_:authorization .for
unescorted. ‘access!

WIS T LW RS :ngﬂmrwwﬂq w;gw-u

b. oan hWhen the“‘reactor IS not ‘secured the Ircensed reactor»operator (or

‘‘‘‘‘

senror reactor operator)fat}:the controls SHALL be responsrble-;for
controlling’access 1o the control room and the reactor. bay

wPTIERIREIING R 00 TIeL T I ELS T R o e e
' T

c.o I;g,PersonneI who enter«the reactor bav durrnq reactor operatron SHALL
have a record of accumulated DOSE measured bv a qamma s’e“s_itlve
INDIVIDUAL MONITORING DEVICE,Sat “the® drscretron of the reactor
operator at the controls a srnqle'lNDlVIDUAL MONITORING DEVICE
mav be used for INDIVIDUAL* MONITORING 1of tWo' people "Who. _agree

{6 stand’ together in' the reactor. bay

» ;W “‘;;T;If there rs potentral for EXPOSURE of personnel to neutrons w1th|n the
réactor bay,’ personnel ‘who enter'the reactor bay SHALL have neutron

Page 8 of 16
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e s e D S A L S L R VAT SRR

oy g

sensﬂnfe INDIVIDUAL ’MONITORING ““this ,INDIVIDUAL sMONITOR
SHALL" be aSSIgned only.to individuals

o Personnel who enter,\xthe reactor bav “while , the: react\or is 'secured

¥

SHALL {have'7a. fecord:of : accumulated DOSE ‘either’b ’measurement
through INDIVIDUAL MONITORING or: based -0n, assessment_ofndata
from INDIVIDUALE MONITORING' DEVICES 'or.SURVEY’

The Radiation Safety Officer distributes records of INDIVIDUAL MONITORING
DEVICES used to record OCCUPATIONAL DOSE monthly for whole body monitors
and quarterly for extremity monitors. These records are reviewed as specified in
Section 8, Reviews and Audits, and posted so that individuals may be kept aware of
their OCCUPATIONAL DOSE.

5.

5.1

RECORDKEEPING
Administrative Records
Personnel EXPOSURE Records

The Facility is exempt from Federal recordkeeping requirements (see Section
4.5), of 10CFR20.2106(a) as long as OCCUPATIONAL DOSES and PUBLIC
(previously_noted) and; as ‘long:as.personnel: 7d6 not enter iHIGH.or.VERY
HIGH RADIAITONAREAS. However, certain records are required to confirm
that personnel exposures are less than 10 percent of applicable limits.

Records of Prior OCCUPATIONAL EXPOSURE are_initially;obtained; then
maintained, by the Office of Radiation Safety. A sample form (NRC Form 4)
is provided in Appendix F.

. sy 3 e ] O TIREALIE ) 2

ﬁ'rammg and Qualification.Records

Unescorted Access Records are maintained at the Facility. A list of
persons with unescorted access will be maintained on file. Results of
unescorted access tralmnq examlnatlons SHALL be ‘maintained on file f for at
least 3 vears.. A review. ‘and assessment of persons wnth unescorted access
and’”‘coples ofz notnf catlon;;of ‘lndlwduals requmnq retralnlnq “SHAL L be

——————

Lo T T L o R it RT s L it

'Radiation Protection- Program Review and Audit Récords

AN

Monthlv:Rewews cf Personnel EXPOSURE Record

[ Aty

dellvered to schedule w:II be revnewed on recelpt If mveshannén ofI cause
and_ciréumstances's. requnred ‘based.on OCCUPATIONAL DOSE ‘eXcéeding

Page 9 of 16
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5.2

4

5 the annual ALARA Ilmlt the report SHALL*be ‘submitted” to the?RSC _and
file’ copy “maintained in the )RSC:Notebdok:

'ﬁ:‘-‘

Radratron Protectlon Proqram Semr-annual Audlts of rmplementatlon
(Appendlx F llustration Fz16) SHALL bé. ‘submitted to'thé’RSC_Notebdok:

\-mrq'@.\““ﬂ:wg‘?qw-rwau T S IO o T K S e r,:,,;..?,i 5

Blennlal Rewew of the, Radratlon :Protection’ Program@rovrsrons 'SHALL
be submitted t6'the RSC! Nétebook:

Routine Operational Records
Personnel Exposure Records

Records of-Occupational -INDIVIDUAL MONITORING are maintained by
the Office of Radiation Safety. lllustrated in Appendix F is a sample form
(NRC Form 5) and samples of forms in use, namely, monthly report for the
University as a whole, monthly summary report for the Nuclear Reactor
Facility, and quarterly report on EXTREMITY DOSES for the University as a
whole,

Records of DOSES to Individual MEMBERS OF THE PUBLIC are
maintained in dosimeter records maintained at the Facility. Self-reading and
electronic pocket dosimeter records are kept in a logbook. Such records are
kept permanently. A sample page is illustrated

Fagmres RETesme iy

Radioactive_Material Accountabrllty

provignes WY P DT E TS TR, MO ey

Radroactlve -Source_ Material,, Ini/entorv s conducted-ffor the “Offi ce*of
Radlatlon Protect|0n~ The’“?Radratron Safetvs Ofﬁce malntalns;records

according o’ reqmrements of the Office.of Radiation Protection:

wwﬂnrw?'tw RS T PR p A N e

‘Source’ Inventorv and Leak. Check lS‘«COl‘ldUCted fo contrd ""nventorv and
mteqntv of uradloactlve ‘matérial: associated ‘withthe Facrlrty. Récords -are
mdintainedat the’ Facility:

PSS ARSI 3 8 EFE T Dy TR RN ST, ST

‘Specral Nuclear Matenal Records is conducte;d,as\requrred bv;the e
Department of Enerqv and the Nuclear Requlatory Commission L Récords are
maintained by DOE, NRC.and:at the,Eacrhty

PSRRI ETI A ST OT AT LIITY R M Sien PERS 0x T s m e ST o] 9 S

Survey Instrument and. Self-Readmg Personal Dosimeter.CALIBRATION
CALIBRATION of these instrun méﬁt’“é” is performed acgording to Procedures 13
and 14 Separate CALIBRATION records are” kept for each lnstrument,_and
for.3 years ‘atthe’ Facrlrty. .Sample records‘are incliided in Appendlx F.

Page 10 of 16
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SEIPIRANGT O W W S e

Enwrons MONITORING

PRt i D 4 s

Monthlv swme SURVEYS an,d water sample tests are performed accordrnqrto
Procedure 20 Records are"kept on f le |n the Reactor*Facultv for 3 vears

Sy

requnred alonq ,,the operatlons, 'b
Sample records are'included:in Appendrx F

Jeny mary .

iThe ;results . of specua “non-scheduled *SURVEYS ;at sLOCATIONS:OF
lNTEREST conducted to venfv,uthe adequacy of. shleldlng ‘instaliations zare
recorded.in the Operatlons Log.

e I K ey | R

Waste: Dlsposal

A 0

When liquid S wastes are™ o
sewéraqe both qamma ray, and alpha partlcle assav 'are requrred

compllance W|th 10CFR20 Assav records and records of releas a
on f|le in; the Reactor Facrllty“forES,‘years”:&Sample fecords:aré included:in

Appendrx F:

ARBRTY P IO AR T TSy

When’ solld wastes from the' Reactor FACILITY:to! ’theIUnIVérsitv -Radiation
,S_a‘feﬁtv Offi ce records of the transfer are kept on’ frle lnjthe Reac "raFAClLlTY
for ‘3 »vears Procedure 22 mav be followed fin'e stlmatlon g «of, *actrvmes
transferred At the drscretlon of. the Reactor Superwsorpa detalled report of
estlmated actlvrtles mav be f Ied wrth the transfersrecords nExamples .of:such

Tecords and such:a, report are included jin Appendrx E.

q.mwkmaﬂ;‘muv'v i atray Sl Al Aoa Sl s gt R R e AR s LN i e O il

Emerqencv Eaurpment lnventorres are’ malntalned ‘according” fo
requrrements in'the’KSU:Reactor. Emergency Plan.

5.3 Planned Special Exposures

10CFR20.106 allows ADULT workers (excluding DECLARED PREGNANT WOMAN
females) to receive DOSES above 10CFR20.101 limits under special
circumstances, with the following considerations satisfied:

a. Alternatives to higher exposure are unavailable or impractical
b. Exposures are pre-authorized, in writing
c. Individuals involved are informed of risks and instructed in procedures

d. Individual's DOSES in excess of annual DOSE LIMITS (and from prior
special exposures) are known

Page 11 of 16
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e. Special exposures and marginal occupational exposures over annual
limits do not exceed 10CFR20.1201 limits in any one year

f. Special exposures and marginal occupational exposures over annual
limits do not exceed 5 times the 10CFR20.1201 DOSE LIMITS for a
lifetime

g. Records are maintained and submitted to the NRC according to

10CFR20.1201 and 10CFR20.1206
h. The exposed individual is informed within 30 days
Any planned special exposures must receive full ALARA consideration. Documents
related to planned special exposures, including measurements and calculations

used to assess INTERNAL DOSES SHALL be kept permanently at the Reactor
Facility.

6. ALARA PROGRAM

SUMMARY OF ALARA GOALS
Applies to: 10CFR20 Annual Limit ALARA Goal (annual)
5000 rem TEDE < 500 mrem annual TEDE

< 5 rem annual DOSE
EQUIVALENT to any organ
except the lens of the eye

50 rem combined DDE & CDE to any
organ other than the eye

< 1.5 rem annua! DOSE

Workers 15 rem lens of the eye GvaQeUIVALENT to the lens of the

50 rem SHALLOW DOSE EQUIVALENT < 5 rem annual DOSE

to the skin or any extremity EQUIVALENT to the skin
< 50 mrem DOSE

100 mrem TEDE for DECLARED

PREGNANT WOMAN workers EQUIVALENT to the fetus
during pregnancy

¥EEAEE§SE 100 mrem TEDE < 50 mrem annual TEDE

6.1 Policy and Objectives

MANAGEMENT of the Reactor Facilty is committed to keeping both
OCCUPATIONAL WORKERS and MEMBERS OF THE PUBLIC radiation exposure
AS LOW AS REASONABLY ACHIEVABLE (ALARA). The specific goal of the
ALARA program is to assure that actual exposures result in DOSES no greater than
10 percent of the occupational limits and no greater than 50 percent of the
MEMBER OF THE PUBLIC limits prescribed by 10CFR20, ALARA goals as
indicated in the table, “Summary of ALARA Goals” above.
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6.2 Implementation of the ALARA Program

Planning and scheduling of operations and experiments, education and training, and
facility design are the responsibilities of the Reactor Supervisor and/or the Nuclear
Reactor Facility Manager. Any action that, in either of their opinions, might resutlt in
personnel exposure to one-half the annual ALARA DOSE goal (Section 6.1) to any
one individual in one calendar quarter requires a formal ALARA review and report.
Any staff member or experimenter, or any member of the Reactor Safeguards
Committee may call for an ALARA review of a proposed action. Under any of these
circumstances, it is the responsibility of the Reactor Supervisor to conduct an
ALARA review and report. Only with the approval of the Reactor Supervisor and the
endorsement of the Nuclear Reactor Facility Manager may the action proceed.

6.3- -Elements of the ALARA Review and Report

The following topics SHALL be considered, if applicable. The report SHALL include
discussion of how these topics affect personnel exposure and specific actions
recommended, categorized by topic:

Features for External Radiation Control

Shielding and construction materials

Radioactive material storage and disposal

MONITORING systems

Facility layout

Control of access to HIGH and VERY HIGH RADIATION AREAS

CONTAMINATION Control

Ventilation and filtration

Containment of CONTAMINATION

Confinement of CONTAMINATION spread
Construction materials to facilitate decontamination
Facility layout

EFFLUENT Control

Gaseous EFFLUENTS
Liquid EFFLUENTS
EFFLUENT MONITORING

Operations and Operations Planning

Assessment of potential individual and collective exposures
Application of shielding, time, and distance for DOSE reduction
Use of ventilation and decontamination to reduce COLLECTIVE DOSE

Page 13 of 16
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6.4

Provision of special radiac or communications instrumentation
Provision of special personnel training and practice

Provision of special supervision and surveillance

Provision of special clothing or other protective gear

Reviews and Audit

The ALARA Program SHALL be audited by the Nuclear Reactor Facility Manager
integral to the general audit of the Radiation Protection Program

7.

CALIBRATIONS AND QUALITY ASSURANCE

CALIBRATION requirements related to radiation protection and imposed by the
Reactor Safeguards Committee are as follows:

Semi-annually Survey meters
Pocket dosimeters

Annually Continuous air monitor
Neutron "rem" meters
Alpha & beta particle efficiencies for surveillance probes

A L L

2 PD-10i Eleétronic Dosimeters

gennlally Ky

CALIBRATION procedures are prescribed in the following Facility Procedures:

No. 3 Annual Remote Air Monitor Calibration

No. 8 (Continuous) Air Monitor Calibration

No. 13 Portable Radiation SURVEY Meter Calibration
No. 14 Personnel Pocket Dosimeter Calibration

No. 19 Gamma-Ray Assay of Reactor Samples

No. 20 Liquid Scintillator Assay Methods

No. 21 Alpha-particle Assay of Reactor Liquids

8. REVIEW AND AUDIT

8.1

SEE e Rt R BB TR TR e e Sy Kt

HOccupatlonal Dosé'Record Reviews
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TR S TN Wk

The Reactorx Supervrsor. SHALL revrew personnel DOSE records montth
personnel, DOSES lexceed 1/2 annuaI ALARA l|m| "au’ses and crrcumstan és
SHALL ‘be" mvesthatedsand reported to the Nuclear ReactorlFacrllty“Manager “The
report SHALL be reviewed and submitted toithe RSC:

SUMMARY OF DOSE LIMITS, GOALS AND LEVELS FOR INVESTIGATION

Applies | 10CFR20 Annual Limit ALARA Goal (annual) Investigation Trigger

to: (quarter)

5000 rem TEDE 500 mrem annual TEDE 250 mrem

50 rem combined DDE & 5 rem DOSE EQUIVALENT to 2.5rem DOSE

CDE to any organ other than | any organ except the lens of EQUIVALENT to any organ
the eye the eye except the lens of the eye

1.5 rem DOSE EQUIVALENT | O:79 rem DOSE

15 rem lens of the eye to the lens of the eye

EQUIVALENT to the lens of

Workers the eve
g%’jlr\“/ f&’?\}#g"&ggjﬁor 5 rem | DOSE EQUIVALENT to | 2.5 rem DOSE
. the skin EQUIVALENT to the skin
any extremity
100 mrem TEDE for 25 mrem DOSE
DECLARED PREGNANT footnme'?gluzodfanngéﬁNT EQUIVALENT to the fetus
WOMAN workers gpreg Y during preanancy
MEMBER | 100 mrem TEDE 50 mrem annual TEDE 25 mrem TEDE
OF THE
PUBLIC

DR ol i A T A T P PR v 2 20 T e w.ﬂv?fn:"h:& R ’:-",".‘;
8.2 ::“Radiation Protection Program Implementation Audits

;LI' he Nuclear Reactor FacrIItv Manaqgr SHA’LPL”“F?\ﬂew lmplementatlon of the KSU
Nuclear Reactor Radlatlon protectlon Proqram seml-annuallvz 4 As ‘a mlnlmum the
I\luclear Reactor Facmtv«Manaqer SHALL rewew (1) lnstrurnent CALIBRAITONS
and xsurvelllance performance ‘and” record “keepmq ,t(2) results of INDIVIDUAL
MONITORING Eand recordkeeplnq. and (3) pIanned specral exposures and ALARA

feviews: Appendlx F, llustration F:16, prowdes ‘guidance for: performlng ‘the_audit.

TEY TR B TR RO RN Ky ot e W Spe e oy

8.3>-.Radiation:Protection Program'Reviews

The Nuclear Reactor Facility Manaqer SHALL review_the Radiation Protection
Proqram provisions biennially. As a mlnlmum the Nuclear Reactor Facmtv Manaqer
shall revrew ‘the_Radiation Protection: Program “10CFR20, and ‘Facility.implementing
procedures.

9. EMERGENCY EQUIPMENT

Equipment and supplies required to support emergency operations are identified in
the KSU Nuclear Reactor emergency Plan. An inventory of equipment in two
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storage lockers is conducted in accordance with the Plan to ensure readiness at all
times.

10. REFERENCES

1. American National Standard Radiation Protection at Research Facilities,
ANSI/ANS-15.11 (Final Draft), American Nuclear Society, La Grange Park,
lllinois, October 1992.

2. Instructions for Recording and Reporting Occupational Radiation Exposure
Data, Regulatory Guide 8.7 (Rev. 1), U.S. Nuclear Regulatory Commission,
Washington, D.C., 1992.

3. Monitoring Criteria and Methods to Calculate Occupational Radiation Doses,

Regulatory Guide 8.34, U.S. Nuclear Regulatory Commission, Washington,
D.C., 1992.

4, Air Sampling in the Workplace, Regulatory Guide 8.25 (Rev. 1), U.S. Nuclear
Regulatory Commission, Washington, D.C., 1992.

5. Planned Special Exposures, Regulatory Guide 8.35, U.S. Nuclear Regulatory
Commission, Washington, D.C., 1992.

6. Radiation Dose to the Embryo/Fetus, Regulatory Guide 8.36, U.S. Nuclear
Regulatory Commission, Washington, D.C., 1992.

7. Interpretation of Bioassay Measurements, Draft Regulatory Guide 8.9 (DG-
8009), U.S. Nuclear Regulatory Commission, Washington, D.C., 1992.
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APPENDIX A

Glossary of Terms

absorbed dose. The energy imparted by ionizing radiation per unit mass of irradiated
material. The units of absorbed dose are the rad and the gray (Gy).

accessible area. The area that can reasonably be occupied by a significant portion of
an individual's body. (see also radiation area, HIGH RADIATION AREA, significant portion).

- activity: The rate of disintegration transformation) or decay of radioactive material.
The units of activity are the curie (Ci) and the becquerel (Bq).

adult. An individual 18 or more years of age.

airborne radioactive material. Radioactive material dispersed in the air in the form of
dusts, fumes, particulates, mists, vapors, or gases; also commonly referred to as airborne
radioactivity.

airborne radioactivity area. A room, enclosure, or area in which airborne radioactive

materials, composed wholly or partly of permitted or licensed material, exist in
concentrations

(1) in excess of the derived at concentrations (DACs) for controlling occupational
exposures), e.g., those specified in Title 10, Code of Federal Regulations, Part 20.1001-
20.2401, Appendix B [1][2] ;or

(2) to such a degree that an individual present in the area without respiratory protective
equipment could exceed, during the hours an individual is present in a week, an intake of 0.6
% of the annual limit on intake (ALI) or 12 DAC-hours, or, in the case of submersion nuclides,
exceed an effective dose equivalent of 30 mrem (0.3 mSv).

as low as is reasonably achievable (ALARA). To make every reasonable effort to
maintain exposures to radiation as far below the dose limits as is practical, consistent with the
purpose for which the permitted or licensed activity is undertaken, taking into account the state
of technology, the economics of improvements in relation to the state of technology, the
economics of improvements in relation to benefits to the public health and safety, and other
societal and socioeconomic considerations, and in relation to utilization of nuclear energy and
permitted or licensed materials in the public interest.

annual limit on intake (ALl). The derived limit for the amount of radioactive material
taken into the body of an adult worker by inhalation or ingestion in a year. ALl is the smaller
value of intake of a given radionuclide in a year by the reference man that would result in a

2
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committed effective dose equivalent of 5 rem (0.05 Sv) or a committed dose equivalent of 50
rem (0.5 Sv) to any individual organ or tissue. (ALl values for intake by ingestion and by
inhalation of selected radionuclides are given in Table 1, Columns 1 and 2, of Appendix B to
10CFR 20.1001 - 20.2401)[1].

background radiation. Radiation from cosmic sources; naturally occurring radioactive
materials, including radon (except as a decay product of source or special nuclear material)
and global fallout as it exists in the environment from the testing of nuclear explosive devices.
Background radiation does not include radiation from sources controlled or regulated by the
overseeing regulatory authority.

bioassay (radiobioassay). The determination of kinds, quantities, or concentrations
and, in some cases, the locations of radioactive material in the human body, whether by direct
measurement (in vivo counting) or by analysis and evaluation of materials excreted or
removed from the human body.

byproduct material.

(1) Any radioactive material (except special nuclear material) yielded in, or made
radioactive by, exposure to the radiation incident to the process of producing or utilizing special
nuclear material and

(2) The tailings or wastes produced by the extraction or concentration of uranium or
thorium from ore processed primarily for its source material content, including discrete surface
wastes resulting from uranium solution extraction processes. Underground ore bodies
depleted by these solution extraction operations do not constitute byproduct material within this
definition.

Calibration. The determination of response of an instrument or system over its range
so that its output can be correlated, with acceptable accuracy, to true values of the measured
parameter.

class (or lung class or inhalation class). A classification scheme for inhaled material
according to its rate of clearance from the pulmonary region of the lung. Materials are
classified as D, W, or Y, which apply to a range of clearance half times for Class D (days) of
less than 10 days; for Class W (weeks), from 10 to 100 days; and for Class Y (years), greater
than 100 days.

collective dose. The sum of the individual dose received in a given period of time by a
specified population from exposure to a specified source of radiation. The units of collective
dose are the person-rem and person-sievert.

committed dose equivalent (Hrsp). The dose equivalent to organs or tissues of
reference (T) that will be received from an intake of radioactive material by an individual during
the 50-year period following the intake. The units of committed dose equivalent are the rem
and sievert (Sv).

committed effective dose equivalent (Hes0). The sum of the products of the
weighting factors applicable to each of the body organs or tissues that are irradiated and the
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committed dose equivalent to these organs or tissues (Hg,so = O wrHr,50). The units of
committed effective dose equivalent are the rem and sievert (Sv).

contamination (radioactive). A radioactive substance dispersed in materials or places
where it is undesirable.

controlled area. An area, outside of a restricted area but inside the site boundary,
access to which can be limited by the owner/operator or licensee for any reason (see also
restricted area).

declared pregnant woman. A woman who has voluntarily informed her employer, in
writing, of her pregnancy and the estimated date of conception.

deep-dose equivalent (Hg). Applies to eternal whole-body exposure; the dose
equivalent at a tissue depth of 1 cm (1000 mg/cm?). The units of deep-dose equivalent are
the rem and sievert (Sv).

derived air concentration (DAC). The concentration of a given radionuclide in air
which, if breathed by the reference man for a working year of 2000 hours under conditions of
light work(inhalation rate 1.2 m® of air per hour), results in an intake of one AL, or, in the case
of submersion nuclides, that concentration that results in an external exposure of the dose
limit. DAC values are given in Table 1, Column 3, of Appendix B to 1OCFR 20.1001 -
20.2401.[1]

derived air concentration-hour (DAC-hour). The product of the concentration of
radioactive material in air (expressed as a fraction or multiple of the derived at concentration
for each radionuclide) and the time of exposure to that radionuclide, in hours. An owner,
operator or licensee may take 2000 DAC-hours to represent one ALl, equivalent to a
committed effective dose equivalent of 5 rem (0.05 Sv).

dose or radiation dose. A generic term that means absorbed dose, dose equivalent,
effective dose equivalent, committed dose equivalent, committed effective dose equivalent, or
total effective dose equivalent, as defined in other paragraphs of this section.

dose equivalent (Hy). The product of the absorbed dose in tissue, quality factor, and
all other necessary modifying factors at the location of interest within the body. The units of
dose equivalent are the rem and sievert (Sv).

dosimetry processor. An individual or an organization that processes and evaluates
individual monitoring equipment to determine the radiation dose delivered to the equipment
(see also NVLAP).

effective dose equivalent (Hg). The sum of the products of the dose equivalent to the
organ or tissue (Hy) and the weighting factors (wr) applicable to each of the body organs or
tissues that are irradiated (He = O wyHr). The units of effective dose equivalent are the rem
and sievert (Sv).
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effluents. Airborne and liquid radioactive releases from a research reactor facility.

embryo or fetus. The developing human organism from conception until the time of
birth.

entrance or access point. Any location through which an individual could gain access
to radiation areas or to radioactive materials. This includes entry or exit portals of sufficient
size to permit human entry, irrespective of their intended use.

exempt quantity. A quantity determined by the licensing or chartering authority to be
exempt from selected regulatory requirements.

exposure. Being exposed to ionizing radiation or to radioactive material.

external dose. That portion of the dose equivalent received from radiation sources
outside the body.

extremities. Hand, elbow, arm below the elbow; foot, knee, and leg below the knee.

eye dose equivalent. Applies to the eternal exposure of the lens of the eye and is
taken as the dose equivalent at a tissue depth of 0.3 centimeter (300 mg/cm?). The units of
eye dose equivalent are the rem and sievert (Sv).

facility. See research reactor facility.

HIGH RADIATION AREA. An area, accessible to individuals, in which radiation levels
could result in an individual receiving a dose equivalent in excess of 0.1 rem (1 mSv) in 1 hour
at 30 cm from the radiation source or from any surface that the radiation penetrates.

individual. Any human being.

individual monitoring.

(1) The assessment of dose equivalent by the use of devices designed to be worn by an
individual;

(2) The assessment of committed effective dose equivalent by bioassay or by
determination oft he time-weighted air concentrations to which an individual has been
exposed, i.e., DAC-hours; or

(3) The assessment of dose equivalent by the use of SURVEY data.

individual monitoring devices (individual monitoring equipment). Devices designed to
be worn by a single individual for the assessment of dose equivalent, such as film badges,
thermoluminescent dosimeters (TLDs), pocket ionization chambers, and personal ("lapel”) air
sampling devices.

internal dose. That portion of the dose equivalent received from radioactive material
taken in to the body.
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license. A permit or other similar authorization issued by the competent responsible
authority.

licensee. An owner or operator holding a permit or license issued by the competent
responsible authority.

limits (dose limits). The permissible upper bounds of radiation doses.

location of interest. That location in an unrestricted area where the highest dose or
concentration is likely to occur.

Management. Those persons within the research reactor organization whose
responsibility and authority include the radiation protection program. The levels of
Management are as described in the American National Standard for Development of
Technical Specifications for Research Reactors, ANSI/ANS-15.1-1990 [3].

member of the public. An individual in a controlled, unrestricted area, or in a restricted
area with no direct involvement with a licensed source. However, an individual is not a
member of the public during any period in which the individual receives an occupational dose.

minor. An individual less than 18 years of age.

monitoring (radiation monitoring, radiation protection monitoring). The measurement
of radiation levels, concentrations, surface area concentrations or quantities of radioactive
material and the use of the results of these measurements to evaluate potential exposures and
doses.

nonpower reactor (NPR). See research reactor.

NVLAP (National Voluntary Laboratory Accreditation Program). A program
administered by the National Institute of Standards and Technology.

occupational dose. The dose received by an individual in a restricted area or in the
course of employment in which the individual's assigned duties involve exposure to radiation
and to radioactive material from licensed and unlicensed sources of radiation, whether in the
possession of the owner/operator or licensee or other person. Occupational dose does not
include public dose, dose received from background radiation, as a patient from medical
practices, or from voluntary participation in medical research programs.

owner, operator. See licensee.

permit. See license.

public dose. The dose received by a member of the public from exposure to radiation
and to radioactive material released by a owner/operator or licensee, or to another source of

radiation either within a owner/operator or licensee's controlled area, or in unrestricted areas,
or in a restricted area with no direct involvement with a licensed source. It does not include
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occupational dose or doses received from background radiation, as a patient from medical
practices, or from voluntary participation in medical research programs.

radiation (ionizing radiation). Alpha particles, beta particles, gamma rays, X rays,
neutrons, high-speed electrons, high-speed protons, and other particles capable of producing
jons. Radiation, as used in this standard, does not include nonionizing radiation, such as
radio- or microwaves, or visible, infrared, or ultraviolet light.

radiation area. An area, accessible to individuals, in which radiation levels could result
in an individual receiving a dose equivalent in excess of 0.005 rem (50 #Sv) in 1 hour at 30 cm
from the radiation source or from any surface that the radiation penetrates.

research reactor. A device designed to support a self-sustaining neutron chain
reaction for research, developmental, educational, training, or experimental purposes and that
may have provision for the production of radioisotopes.

research reactor facility. Includes all areas within which the owner or operator directs
authorized activities associated with the reactor.

restricted area. An area, access to which is limited by the owner/operator or licensee
for the purpose of protecting individuals against undue risks from exposure to radiation and
radioactive materials. Restricted areas do not include areas used as residential quarters, but
separate rooms in a residential building may be set apart as a restricted area (see also
controlled area).

SHALL, SHOULD and may. The word "SHALL" is used to denote a requirement; the
word "SHOULD', to denote a recommendation; and the word "may" to denote permission,
neither a requirement nor a recommendation.

SHALLOW-dose equivalent (Hs). Applies to the external exposure of the skin or an
extremity; taken as the dose equivalent at a tissue depth of 0.007 centimeter (7 mg/cm?) )
averaged over an area of 1 cm“. The units of SHALLOW dose equivalent are the rem and
sievert (Sv).

significant portion of the body. A portion of the body other than the extremities
whose area exceeds 900 cm?. (Note: This represents about 5% of the adult total body area
and about 15% of the trunk surface area.)

site boundary. That line beyond which the land or property is not owned, leased, or
otherwise controlled by the owner/operator or licensee.

soluble material. Having no significant visible turbidity or significant visible suspended
solids so as not to change the characteristics as a solution, e.g., sludge.

source material.
(1) Uranium or thorium or any combination of uranium and thorium in any physical or
chemical form; or
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(2) Ores that contain, by weight, 0.05 %, or more, of uranium, thorium, or any
combination of uranium and thorium. Source material does not include special nuclear
material.

special nuclear material.

(1) Plutonium, 23U, uranium enriched in the isotope 233 or in the isotope 235; but does
not include source material; or

(2) Any material artificially enriched by any of the foregoing but does not include source
material.

submersion nuclides. Those gaseous nuclides and other airborne nuclides whose
DAC is based on the eternal dose rate resulting from submersion in an atmosphere of that
nuclide.

SURVEY. An evaluation of the radiological conditions and potential hazards incident to
the production, use, transfer, release, disposal, or presence of radioactive material or other
sources of radiation. When appropriate, such an evaluation includes a physical SURVEY of
the location of radioactive material and measurements or calculations of levels of radiation, or
concentrations or quantities of radioactive material present.

test reactor. See research reactor.

total effective dose equivalent (TEDE). The sum of the deep-dose equivalent (for
external exposures) and the commented effective dose equivalent (for internal exposures).

true value. The actual value of a parameter.

unrestricted area. An area, access to which is neither limited nor controlled by the
owner/operator or licensee.

VERY HIGH RADIATION AREA. An area, accessible to individuals, in which radiation
levels could result in an individual receiving an absorbed dose in excess of 500 rad (5 Gy) in 1
hour at 1 meter from a radiation source or from any surface that the radiation penetrates.
[Note: At VERY HIGH doses received at high dose rates, units of absorbed dose (e.g., rads
and grays) are appropriate, rather than units of dose equivalent (e.g., rems and sieverts).]
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APPENDIX B

KSU TRIGA Mkll Operation, Test, and Maintenance Procedures

Title

BIENNIAL CONTROL ROD INSPECTION

ANNUAL POWER LEVEL CALIBRATION

ANNUAL REMOTE AREA MONITOR CALIBRATION
SEMI-ANNUAL CONTROL ROD DROP TIME MEASUREMENT
SEMI-ANNUAL CHECK OF MINIMUM INTERLOCKS
SEMI-ANNUAL CHECK OF 110% SAFETY CIRCUITS
SEMI-ANNUAL PULSE ROD DRIVE CYLINDER AND AIR
SUPPLY INSPECTION

SEMI-ANNUAL $1.00 COMPARISON PULSE

AIR (IODINE) MONITOR CALIBRATION

ENTRANCE TO THE REACTOR BAY, VISITOR CONTROL
FUEL ELEMENT INSPECTION

REACTOR STARTUP WITH PERIOD SCRAM BYPASSED
FUNCTIONAL PERFORMANCE CHECK OF TRANSIENT
(PULSE) ROD

PORTABLE RADIATION SURVEY METER CALIBRATION
PERSONNEL POCKET DOSIMETER CALIBRATION
REACTOR STARTUP

REACTOR SHUTDOWN

PERIODIC REACTOR INTRUSION ALARM TESTING
EVACUATION ALARM RESPONSE TEST

GAMMA-RAY ASSAY OF REACTOR SAMPLES

LIQUID SCINTILLATION ASSAY METHODS

ALPHA PARTICLE ASSAY OF REACTOR LIQUIDS

KSU TRIGA Mkl] Miscellaneous Procedures

ACCOUNTING PROCEDURES FOR SPECIAL NUCLEAR
MATERIAL

PROCEDURE FOR USING PuBe SOURCES IN WARD 128
EMERGENCY PROCEDURES FOR KSU TRIGA Mkll REACTOR
FACILITY*

RADIATION SAFETY MANUAL FOR USE AT KANSAS STATE
UNIVERSITY
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APPENDIX C

KSU TRIGA MkIll Emergency Procedures

Title

EMERGENCY NOTIFICATIONS
RADIOLOGICAL SURVEYS

PERSONNEL MONITORING AND DECONTAMINATION
EVACUATION OF ON-SITE AREAS
PERSONNEL ACCOUNTABILITY
ASSESSMENT ACTIONS

FIRST AID AND MEDICAL CARE

FIRE FIGHTING

RE-ENTRY OPERATIONS

FACILITY SECURITY

RECOVERY OPERATIONS
COMMUNICATIONS AND RECORD KEEPING
EQUIPMENT AND SUPPLIES

TRAINING AND EVALUATION

PREPARATION, DISTRIBUTION, AND MAINTENANCE OF PLANS AND

PROCEDURES
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APPENDIX D

KSU TRIGA Mkll Training Syllabus

This training applies to persons given unescorted access to the Nuclear Reactor Facility. It
specifically applies to reactor operators or other Facility staff members, students in nuclear
engineering classes making use of the Facility. It applies to technicians and maintenance
personnel. Topics to be covered in training are listed below. In addition, all trainees must be
given access to copies of NRC Regulatory Guide 8.13 "Instruction Concerning Prenatal
Radiation Exposure" and the appendix to NRC Regulatory Guide 8.29 "Instruction Concerning
Risks from Occupational Radiation Exposure.” Training is to include a comprehensive tour of
the Facility during which all items of safety and emergency equipment are located and their
function or operation explained.

Topics to be covered in training

Risks of occupational exposure

Risks of prenatal exposure

Provisions of 10CRF19 and 10CFR20
Provisions of the Facility Emergency Plan
Tour of the Nuclear Reactor Facility
Examination (closed book)
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The examination paper is to include a signed statement of the examinee stating:

| certify that | have been given instruction, have read, have understood, and have had the
opportunity to discuss and ask questions about U.S. NRC Regulatory Guides 8.13 and 8.29
concerning respectively prenatal radiation exposure and risks from occupational radiation
exposure.



Radiation Protection Program

Standards for Protection Against Radiation (10CFR20) - Lesson Plan
General Provisions
20.1003 Definitions

Absorbed dose (rad or Gy)

Activity (Ci or Bq)

Airborne radioactive material

Airborne radioactivity area (conc. > DAC or > 12 DAC hours in 1 wk)
ALARA (as low as reasonably achievable)

ALl (annual limit on intake) 5 rem Hgso or 50 rem Hr 5o (any organ)
Byproduct material

Class [inhalation clearance classification D(ays), W(eeks), or Y(ears)]
Collective dose

Committed dose equivalent Hyso to organ T in 50 years

Committed effective dose equivalent Hg 5o = > W1t Hrso
Controlled area (beyond restricted area within site boundary)

Deep dose equivalent Hy (at 1-cm depth)

DAC (derived air concentration) 2000 DAC-hours -> ALI

Dose equivalent Hr (rem or Sv)

Effective dose equivalent H (rem or Sv) = > Wt Hy

HIGH RADIATION AREA (> 100 mrem in 1 h at 30 cm from source)

Quality factor Q

Xv.B 1
a, etc. 20
n (any E) 10 (see regs for specific energies)
high-E p+ 10

Radiation (directly and indirectly ionizing, excluding uwaves, etc.)
Radiation area (5 mrem in 1 h at 30 cm from source))

Restricted area (for radiation protection)

Shallow dose equivalent Hs (at 0.007 cm depth)

Source material

Special nuclear material

Total effective dose equivalent TEDE = Hyq + Heso

VERY HIGH RADIATION AREA (> 500 rad in 1 h at 1 m from source)
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Organ  Weight factor Wt
gonads 0.25

breast 0.15
red marrow 0.12
lung 0.12
thyroid 0.03

bone surface 0.03
remainder 0.30 (avg. dose for other § most affected
organs, except skin or lens of eye)
Working level WL (radon daughters -> 1.3 10% MeV/L potential energy)
Working level month WLM (1 WL for 170 hours)
Occupational Dose Limits
20.1201 Occupational Dose Limits for Adults
(1) Annual limit - the more limiting of:

(a) TEDE =5 rem
(b) Ha + Hrs0 (any organ except lens) = 50 rem

(2) Annual limits to lens, skin, and extremities:

(a) 15 rem to the lens
(b) Hs =50 rem (skin or extremity)

20.1206 Planned Special Exposures
In addition to limits under x20.1201;

(1) The numerical values of the limits in x20.1201 in 1 year
(2) 5 times the limits in x20.1201 during worker’s lifetime

20.1207 Occupational Limits for Minors

10% of limits specifiec in 020.1201
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20.1208 Dose to Embryo/Fetus
500 mrem during entire term of pregnancy (see regs for evaluation)
Dose Limits for Individual Members of the Public
20.1301 Dose Limits (also see 40CFR190 - EPA regs)

(1) 2 mrem TEDE in one hour
(2) 100 mrem TEDE in one year (500 mrem with NRC approval)

20.1302 Compliance with Dose Limits

Met by effluent limits in Appendix B

Surveys and Monitoring
20.1501 General
Surveys are required to demonstrate compliance with regulations.
20.1502 Personnel Monitoring
(1) Required for adults if expect > 10% of limits of x20.1201
(2) Required for minors if expect > 1% of limits of x20.1201
(3) Required for entry into high of VERY HIGH RADIATION AREA
(4) See regs for requirements for monitoring intake

Control of External Exposures in Restricted Areas

See regulations x20.1601-1603 for special posting and entry controls for HIGH
RADIATION AREAS and VERY HIGH RADIATION AREAS.

Respiratory Protection (x20.1701-1704)

Storage and Control of Licensed Material
Posting and labeling requirements are described in 020.1801-1906.

Waste Disposal
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20.2003 Disposal into Sanitary Sewerage
(1) Material must be soluble or dispersible biological material
(2) One-month diluted concentration may not exceed Appendix B value
(3) Annual releases O 5 Ci of *H + 1 Ci of **C + 1 Ci of all others
(4) Body wastes from nuclear medicine patients exempt from limits
20.2005 Disposal of Specific Wastes
See regs for limits on scintillation fluors and animal tissue

Record Keeping

Described in 02101-2206 of the regulations.
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Appendix B of 10CFR20 (Examples)

Occupational Values Effluent Limits ( Ci/mL)

Nuclide Class

Ingestion Inhalation | DAC Air? Water® Sewerage

ALl (uCi) | ALl (uCi) (uCi/mL)
*H Aqueous | 8x10* 8x10* 2x10°° 1x107 1x107® 1x102
®Co W 5x10? 2x10° 7x10® 2x10° | 3x10° 3x107°

Y 2x10? 3x10! 1x10° 5x10™"

13 D 3x10" 5x10° 2x10°®

Thyroid Thyroid

(9x10")"° | (2x10%) 2x10"° | 1x10°® 1x107°
133%e Subm. Xyz 1x10*

*These are limits for annual average concentrations at the boundary of an unrestricted
area. Inhalation or ingestion of these concentrations continuously for a year would
lead to a 50 mrem TEDE.

PALI is determined by the 50 rem committed dose equivalent to the thyroid (listed by
name). In these circumstances, the ALI based on the 5 rem committed effective dose
equivalent for stochastic effects is listed in parentheses. Effluent limits are based
only on ALls for stochastic effects.
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RISKS OF PRENATAL RADIATION EXPOSURE

Instructional Lesson Plan

KSU Nuclear Reactor Facility

Regulatory Requirements

10CFR19.12 requires that all individuals frequenting any portion of a restricted area must be
instructed in health protection problems associated with exposure to radioactive materials or
radiation. 10CFR20 requires that radiation exposures be kept "as low as reasonably achievable.”
With respect to risks of prenatal exposure, NRC Regulatory Guide 8.13 prescribes the scope of
instruction to be provided to female workers, their co-workers and supervisors. Key elements of
the instruction are:

1) The 1971 Report-39 NCRP recommendation that, during the entire gestation period, the
maximum permissible dose equivalent to the fetus due to occupational exposure of the mother
SHOULD not exceed 0.5 rem.

2) Reasons for the recommendation (discussed below).

The Regulatory Guide stipulates that:

1) Instruction SHOULD be given both orally and in written form. Employees SHOULD be given
copies of the Regulatory Guide.

2) Employees acknowledge in writing that the instruction has been received and that they have been
given the opportunity to ask questions.

Note: Regulations do not require that workers be examined on their understanding of the details of
the Regulatory Guide or, indeed, on the basis for the NCRP recommendation.

Implementation at Kansas State University

Workers and students frequenting the Reactor Facility are given copies and instructed to read, study,
ponder, and meditate upon the Appendix to Reg. Guide 8.13. Workers are given oral instruction by
the Reactor

Supervisor. Students are given oral instruction in the class NE-648 - Reactor Operations Laboratory.
Written acknowledgement of instruction is made in the Reactor Supervisor's logs for workers and
in the radiation-safety written examination required for participation in the NE-648 Class.

Quantitative Measure of Risk

NAS BEIR Committee report, 1972: Evidence is contradictory but suggestive of a relationship
between prenatal exposure and childhood cancer, namely leukemia. Specifically: for 1 million
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subjects, each exposed to 1 rem in utero, there may be a marginal increase of up to 19 cases of
childhood leukemia.

Employer Responsibilities

Employers are required notonly to provide instruction on risks to female workers, their supervisors,
and their co-workers, but also to take all practicable steps to reduce radiation exposure.

Responsibilities and Alternatives for the Female Worker

If pregnant or expecting to be so, consult with radiation safety officer to determine whether radiation
levels in the work areas might lead to in-utero exposures in excess of 0.5 rem. If so:

1) Decide whether to continue to accept work assignments, i.e., whether to accept the risk for
the unborn child.

2) Reduce exposures by improving work practices.

3) Request reassignment (especially during first trimester of pregnancy).

4) Delay having children.
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RISKS OF OCCUPATIONAL RADIATION EXPOSURE
Instructional Lesson Plan

KSU Nuclear Reactor Facility
Regulatory Requirements

10CFR19.12 requires that all individuals frequenting any portion of a restricted area must be
instructed in health protection problems associated with exposure to radioactive materials or
radiation. 10CFR20

requires that radiation exposures be kept "as low as reasonably achievable." With respect to
general risks of occupational radiation exposure, NRC Regulatory Guide 8.29 prescribes the scope of
instruction

to be provided to workers. The Regulatory Guide stipulates that:

1) Instruction SHOULD be given both orally and in written form Employees SHOULD receive copies
. of the Regulatory Guide.

2) Employees acknowledge in writing that the instruction has been received and that they have
been given the opportunity to ask questions.

Note: Regulations do not require that workers be examined on their
understanding of the details of the Regulatory Guide.

Quantitative Measures of Risk

Based on estimates made by the United Nations Scientific Committee on the Effects of Atomic
Radiation, the National Academy of Sciences Committee on the Biological Effects of lonizing
Radiation, and the

International Commission on Radiation Protection, Regulatory Guide 8.29 states the following
estimate on the cancer risk from exposure to ionizing radiation. For 1 million persons each
exposed to 1 rem of

ionizing radiation, the marginal increase in cancer incidence is 150 to 450 cases of all types. The
morbidity rate is half the incidence rate.

[Note added: the natural fatality rate is about 150,000 per million
population.]

Topics Addressed in the Regulatory Guide

The guide is designed for self-study and is in question-answer format. Topics that might be addressed
in oral instruction include:

1) Definitions of risk, prompt effects, delayed effects, and genetic effects. Distinctions between
acute and chronic exposure.
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2)
3)
4)
5)
6)

7)
8)

Possible health effects from exposure to ionizing radiation exposure.

Mechanisms and probabilities for cancer induction.

Comparison of radiation risks and other occupational risks.

NRC internal and external dose limits and ALARA requirements - and methods of administration.
Typical worker exposures naturally, medically, and occupationally.

Personal options in risk assessment and dose limitation.
Radiation exposure records and worker rights of access.
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Summary of Emergency Plan Provisions

KSU Nuclear Reactor Facility

Standard Operating Procedures

Apply to FIRE, EARTHQUAKE, TORNADO, REACTOR ACCIDENT
1)  Shut down reactor.

2) Shut off ventilation and cooling.

3) Call for assistance.
4) Provide liaison

Medical Response

Action Levels

1) Over-exposure (5 rem total body, etc.).

2) Internal contamination (25-rem thyroid, 5 rem other).

3) Injury with external contamination (10 mrem/h).
Procedures

1)  Notify Student Health Center (optional).

2) Decontaminate (unless life threatening).

3) Provide first aid.

4) RSO advises action, e.g., hospitalization (requires Unusual Event declaration).
5) After release of victim to medical authorities, cleanup area.
Emergency Classes

Unusual Event

Action levels: incident or threat with potential for escalation, e.g., security threat, non-safety related fire,
suspected fuel damage, minor radiological release (10 MPC at boundary for 24 hours).

Off-site agencies are alerted but not activated.
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Alert

Action levels: actual or potential substantial degradation of safety, e.g., sabotage, safety related fire,
loss of shielding water, confirmed fuel damage, radiological release (50 MPC at boundary for 24 hours).

Off-site agencies are alerted and placed on standby.

Evacuation

Assembly area 1 Lobby of Ward Hall
Assembly area 2 Basement rest room area
Emergency supply cabinets North entrance

Assembly area 2
Local Emergency Organization
Immediate Response

Emergency Director (Facility Director)
Radiation Safety Officer
Surveillance
Assessment
Protective action recommendations
Reactor Supervisor
Recovery operations
Response Team Members
Reactor Facility staff
Nuclear engineering staff and faculty
Reactor Safeguards Committee
Radiation Safety Committee

Off-Site Agencies
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State

Kansas Division of Emergency Preparedness
Coordination and communication.
Security and monitoring assistance.

Bureau of Radiation Control
Technical assistance.

Monitoring and cleanup assistance.

Kansas Highway Patrol
Security.

Monitoring assistance.
Evacuation control.

Local

KSU Police Department.

Manhattan-Riley County Police Department.
Manhattan Fire Department.

Lafene Student Health Center.

Riley County Ambulance Service.

Saint Mary Hospital.

Memorial Hospital.

Riley County Emergency Preparedness (responsible for off-site evacuation).

Notifications

Declaration and Cancellation
Responsibility of Emergency Director.
Verbal Notification and Cancellation

Kansas Division of Emergency Preparedness.

Riley County Emergency Preparedness Coordinator.

Written Summary

Within 24 hours of cancellation (Unusual Event).
Within 8 hours of cancellation (Alert).

Press Releases from Facility Only by Emergency Director.

Only after canceliation.
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Radiation Protection and Emergency Preparedness - Closed Book Examination

Name:

Date:

Reactor Operations Laboratory - NE-648
Safety Orientation Examination (based on 10CFR20 and Facility Emergency Plan)
Closed Book [Unless otherwise indicated, questions are valued at 7% each.]

.
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1. Define [2% each]

a.

Byproduct material

Special nuclear material

Restricted area

Quality factor

Radiation area

f. HIGH RADIATION AREA
g. Byproduct material
h. Airborne radioactivity area
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dose

2. Under normal circumstances, what is the maximum permissible whole-body

equivalent (mrem) per calendar quarter in restricted areas?

3. When is personnel monitoring required?

4. How does one dispose of liquids collected in the Reactor Facility sump tanks?

5. How does on dispose of slightly contaminated glassware and paper?

6. Describe the types and functions of fire extinguishers available in the Reactor
Facility.

7. Describe the types (GM, ion chamber, etc.) of portable radiation SURVEY
instruments available in the reactor, the types of radiation measured, and the
maximum range of "dose rate.”

8. While you are operating the reactor, other persons are working at the 0' level.
The evacuation alarm (5 R/h) sounds. Describe your actions.

9. While you are operating the reactor, with other persons present in the Reactor
Facility, you become aware of a fire in vicinity of the foyer of Ward Hall.
Describe your actions.
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and

10. Give an example of circumstances that might call for ‘declaration of an "Unusual
Event."

11. Give an example of circumstances that might call for declaration of an "Alert."

12. What are the 10CFR20 dose standards for unrestricted areas?

13. Describe the personnel structure of the Facility Emergency Organization.

| certify that | have been given instruction, have read, have understood, and have had
the opportunity to discuss and ask questions about U.S. NRC Regulatory Guides 8.13

8.29 concerning respectively prenatal radiation exposure and risks from occupational
radiation exposure.

Signature Date

Examination Score: (70% required)
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Record of Occupational Personnel Exposure

Appendix E

The following table lists total annual personnel exposure for staff and students at the KSU
Nuclear Reactor Facility.

Year Not <0.1rem 0.1-0.5 rem >0.5rem
measurable
1992 28 0 0 0
1991 23 0 0 0
1990 20 0 0 0
1989 19 1 0 0
1988 23 3 1 0
1987 23 0 0 0
1986 26 1 0 0
1985 31 8 0 0
1984 33 1 0 0
1983 29 2 0 0
1982 26 7 0 0
1981 11 23 0 0
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lllustration
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lllustration
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lllustration
Hlustration
lllustration

lllustration

Appendix F

Sample Forms For the Radiation Protection Program

F-1.
F-2.
F-3.
F-4.
F-5.
F-6.
F-7
F-8
F-9
F-10
F-11
F-12
F-13
F-14
F-15
F-16

F-17

Cumulative occupational exposure history (NRC Form 4)
Operational exposure record for a monitoring period (NRC form 5)
Typical monthly report on occupational exposures (University wide).
Typical monthly report for the Nuclear Reactor Facility

Typical quarterly report on extremity exposures

Sample page from self-reading personnel dosimeter log

Sample SURVEY instrument calibration record

Sample Pocket Dosimeter calibration record

Sample Monthly Swipe Survey

Sample Monthly Gamma Ray Environs Monitoring (Zero Power)
Sample Semi-Annual Neutron Environs Monitoring (225 kW)
Sample Semi-Annual Gamma Ray Environs Monitoring (225 kW)
Sample Log for Release to Sewerage System

Sample Log for Solids Transfer to University Radiation Safety Office
Sample Report on Solid Waste Activity

Radiation protection Program Audit Form

Sample Inventories of Emergency Lockers
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lllustration
illustration
Illustration
lllustration
lllustration
lllustration
lliustration
Hlustration
lllustration
lllustration
lllustration
lHlustration
lllustration
lllustration
lllustration
lllustration

Hlustration

Appendix F

Sample Forms For the Radiation Protection Program

F-1.
F-2.
F-3.
F-4.
F-5.
F-6.
F-7
F-8
F-9
F-10
F-11
F-12
F-13
F-14
F-15
F-16

F-17

Cumulative occupational exposure history (NRC Form 4)
Operational exposure record for a monitoring peridd (NRC form 5)
Typical monthly report on occupational exposures (University wide).
Typical monthly report for the Nuclear Reactor Facility

Typical quarterly report on extremity exposures

Sample page from self-reading personnel dosimeter log

Sample SURVEY instrument calibration record

Sample Pocket Dosimeter calibration record

Sample Monthly Swipe Survey

Sample Monthly Gamma Ray Environs Monitoring (Zero Power)
Sample Semi-Annual Neutron Environs Monitoring (225 kW)
Sample Semi-Annual Gamma Ray Environs Monitoring (225 kW)
Sample Log for Release to Sewerage System

Sample Log for Solids Transfer to University Radiation Safety Office
Sample Report on Solid Waste Activity

Radiation protection Program Audit Form

Sample Inventories of Emergency Lockers



BASEMENT EMERGENCY LOCKER INVENTORY

2 dosimeter charger
5 Gamma and X-Ray pocket dosimeters
* 0-5R (1)
* 0-200mR (3)
* 0-1000mR (1)
8 civil Defense pocket dosimeters (0-200mR)
1 first aid kit
1 high volume air sampler with spare filters
1 high range gamma survey meter (Gadora)
1 low range beta/gamma survey meter (Civil Defense)
3 water sample bottles
1 Scott air pack with spare bottle
1 full face respirator with spare filters
respirator wipes and fit test ampules
2 dust masks with spare filters
6 cloth coveralls (4 min)
2 wetsuits (top and bottom with hood)
5 polylaminated coveralls with hood
10 paper lab coats
11 sets of papers-pant and shirt (4 min)
5 pair cloth booties (4 pr min)
5 pair PVC boots (4 pr min)
13 pair rubber gloves (8 pr min)and liners
12 paper coverall
21 pair low top booties (8 pr min)
20 pair high top booties (8 pr min)
4 rolls radiation hazard tape (2 min)

1 large roll radiation tape (cloth)
plastic bags, radiation rope, signs and warning labels
2 boxes swipes (#1 Filter Paper)

1 blanket
1 disposable blanket
1 clipboard with pen
“ 1 copy of emergency plan

MAIN FLOOR EMERGENCY LOCKER INVENTORY

2 dosimeter charger
4 Gamma and X-Ray pocket dosimeters
* 0-5R (1)
* 0-1R (1)
* 0-200mR (2}

8 Civil Defense pocket dosimeters (0-200mR)
1 full face respirator with spare filters
respirator wipes and fit test ampules
1 dust mask with spare filters
2 cloth coveralls {2 min)

16 pair high top booties (4 pr min)

15 pair low top booties (4 pr min)

6 paper pants (2 min)

4 paper shirts (2 min)

1 wet suit (top and bottom with hood)

3 polylaminated coveralls with hood
9 disposable coveralls
3 pair PVC boots
12 pair rubber gloves (4 pr min)l12 pair glove liners
. 2 rolls tape
plastic bags, radiation rope, signs and warning labels
2 boxes swipes (#1 filter paper)

1 copy emergency plan
’ 1 disposable blanket

1 First Aid Kit

%,
%3

e

‘Illustration F~17. Emergency Locker Contents



Uncorrected Corrected

v (mRA)  Mass(g)  Activity (Bg)  Gy(ab)  Activity (uCi)

Bapl. . 07 8618 57914 0.2534 62
0.13 8618 10 755 12534 12
025 7711 18 506 02268 22
0.12 9978 11 495 02936 11
120 6350 73 154 0.1868 103

FE L Sty sl . o« . o . . .
¥ *Aftenuation coefficients and activity calculations assumed Co-60 was the main radioactive
oirar A3 50

IR

Original signed by:
; §§§§5?{Matthew J. Burger
e T-
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SU TRIGA MKII Nuclear Reactor Facility

Auditor:

W

-2,

Instrument calibration and surveillance performance and recordkeeping

'A_c.tion & Interval

Latest

Prior Action

Comment

‘Monthly

1. Wipe tests

2. Liquids anal..

3. Occ. exp. records

Quarterly

1. Hand dose records

‘Semiannually

1. Survey inst. calib.

2. SRPD calibration

2

. Personnel exposures review and recordkeeping.

Type of exposure

Checked

Comments

Monthly occupational

Quarterly
occupational

SRPD
(public/occupational)

Activity

Circumstances/Comments

Planned special exposures

ALARA revues

lNlustration F-16. Radiation Protection Program audit form
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Next, these activities can be corrected for self shielding using the factor G,(a,b) {See Proc. #22 for
details}.

The value for G,(a,b) is the same for all of the containers. The height and radius of the containers
were taken to be equal as R = H = (V/x)* as the drums were of an irregular shape. Values of
(1'/p) were taken for Co-60 energy y-rays as it was the main radioactive isotope.

From this information we find:

a=b=p(up)R = p(up)H = 0.7275

Now we can find:

a az

Gy(a,b) = btan"(é) + -g ln(l + —EJ

or,

G,(a,b) = 0.7275 tan™}(1) + °‘72275 In(2) = 0.8235

This factor can now be used to correct for container self-absorption. A = A’'/G,(a,b).
Thus, we arrive at our final estimate of activity.

Activity (Bq) Activity (uCi)
Drum #1 826, 239 223
Drum #2 275, 413 7.4
Drum #3 183, 609 50
Drum #5 183, 609 50

II. Activity of Baleable Waste

Along with the resin 5 bags of baleable waste from the 22’ level was transferred. This waste is
composed of rubber gloves, kim wipes, tape, absorbent paper, and other miscellaneous wastes. In
all cases the volume of the bags (after they were put through a compactor) was 40 115 cm®. Due
to their irregular shape R = H = (V/x)* = 23.4 cm. Each bag was weighed individually thus we
have 5 different densities and 5 different G,(a,b) values. Instead of showing the calculations in
detail the table below is a summary.



Radioactive Material Transfer

Reactor Facility to University Radiation Safety Office

25 March 1992

On 3/25/92 four 50-gallon drums of used ion exchange resin and five 9 x 16 x 17 inch bags of dry
. baleable waste was transferred from the reactor facility to the control of the Radiation Safety
" Officer.

1. Activity of Used Ion Exchange Resin

Attached to this report are y-ray spectra of the 4 drums of resin transferred. These spectra show
that the main isotope present is Co-60. The highest exposure rates achieved on contact with the
side of each drum is as follows:

Exp. rate
l i} : Drum #1 0.9 mR/h
é;*'{ Drum #2 03 mR/
(b
I " Drum #3 02 mR/h Note: Drum #4 is still
X being stored in the source
ﬁ ’ Drum #5 02 mR/h cave at the reactor facility.

The mass of each container was approximately the same and due to the difficulty of moving the
‘ containers only one was weighed. The weights of the other drums is assumed to be equal. Drum

mass = 78,751 g. The volume of the drums was 50 gallon or 189,272 cm®. This yields a density of
[~ 04161 g/cm’.

Using Procedure #22 we now find the uncorrected activity as A’ = 24 #/NE (See Proc. #22 for
details).

| =

Drum #1 680 408 Bq
L Drum #2 226 803 Bq
Drum #3 - 151202 Bq
l.: Drum #5 151 202 Bq
: 1
L!- lllustration F-15. Sample report on solid-waste activity
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Radicactive Material Released to Radiation Safety Office

Master Log

Sheet

Date of Transfer 3/25/92

Description of Material

Isotopes

Received

{Comments) Est. Activity by
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Drom #1

/-'.‘5'0?,1/&,( W!/tw-u/fm &M

Les i
Drunt =1

'7,4/1.4_' l- 00

S

! —5'0}.‘_1/4« a&mt/wu/‘cn &M

fdth—
Druom # 3

5:&/1(_1,_' d-éé
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/ 86-9» (2560;113) of dfl.’ weste

M,&w@z 6.2.6 (- 60 ,eé(gvgw
Bag #4 Z'Gfl/ ete.- .-
| Buq (9560 33) of dry waste
Ben 22 ' Lpl G-bo |BAGHS
5
| Bag (2500 ;.3) dry weete | )
/;i:r.? 7 22al G-bo ’ZX%
. (2500 3) wasle .
(83 O e et 0864,
- -3 sl . '
I Bag (0500:57) of gy to- ol (€0 ,QX%

Bag #5
/4

Released By

Received By

Frecedure *21. (- 60 woa
AT Vg st )
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Illustration F-14. Sample log for solids tranfer to University Radiation Safety Office



Radioactive Maturial Release to Sewernge

Master Log Sheet
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Concentrations Yater Yolume Total Activity Released
Date Isotope Alpha® Betap Gamma® Released (mé) Released (jci) By Commentsd
3 7,0 (A
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llustration F-13. Sample log for liquid releases to sewerage system
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lllustration F-12. Sample semi-annual gamma-ray environs monitoring (225 kW)
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lllustration F-11. Sample semi-annual neutron environs monitoring (225 kW)
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lllustration F-10. Sample monthly gamma-ray environs monitoring (zero power)




KSUTMII
-~ SWIPE SURVEY

DATE: 5/12/93 OUTPUT FILE: may93.swp

Sample Location Swipe #} Activity (pCi above background) Remarks

01. Tap water (BKG) 301 <BKG

02. Control room 302 <BKG

03. 12’ door handle 303 <BKG

04. 12' level 304 <BKG

05. BST Water 305 33.597537 EFF= .42903188

h 06. 21' level 306 <BKG

07. Sample table 307 <BKG

08. RSR loading port 308 <BKG

0S. CT loading port 309 <BKG

10. Primary water 310 1230.3079 EFF= .43312968

11. 0’ level 311 <BKG

12. D20 Calibrator 312 <BKG

13. 0’door handle 313 <BKG

14. Distilled water 314 <BKG

15. Ion exchanger 315 <BKG

16. 0’ secondary water 316 <BKG

17. Source cave 317 <BKG

18. 0’ sink 318 <BKG

19. Safe (floor) 319 <BKG
NOTE: All water samples are 1 ml; all swipes approximately 100 sq.cm.
COMMENTS:

Completed:_ 7yt 5/12/93
— / ignature Date
L

Hlustration F-9. Sample monthly swipe survey
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POCKET DOSIMETER CALIBRATION RECORD

TRANSIENT MOVEMENT TEST LEAKAGE TEST
Reading Initial Final
Date Check by On charger  Off Charger | % Deviation | Pass/Fail' | Reading Time Reading Time % Deviation | Pass/Fail?
‘bl | AL BCS2A] 39 43 2.0 Pess AB  feool ‘lsiy | AD _ |eBlg “hiify 0.0 Pass
Phepy P pAGES2E Ao A1 3.5 Pass AT [cg3A Plepy| A8 0853 Ry| 0.5 Pass
ehlqy, | B 20 ~ 27 3.5 Pass | 272 [|nop ®Mfaz] 27 |n3t “Rin|  o.0 Pass
2sjer A 20 2.6 3.0 Pass | 2.6 oMo 'hhy| 25 sy | p,.s Pans

CALIBRATION TEST

Exposure Time Of Calculated Final Initial Measurement %

Date Calib, By Source Rate Exposure Exposure Reading Reading Reading Deviation Pass/Fail ?
Llapla) | AL GEHA cs-137 | 1438155 80 130.7804 15% 39 114 6.7 Pass
2091 Pad ¢s-137 | 1510487 90 135,944 110 35 135 0,5 Pas -
ealrz Ypl S Cs-137 | (,5332 50 - 138 Lo 21 133 25 Pas
2hfe VA Gs-137 | 1,579 70 142 I5S 25 130 6.0 | Pass

/
! Not to exceed +5% scale (dosimeter <300 mR) ? Not to exceed +2% scale in 24 hours 3 Not to exceed £10%

Not to exceed +2% scale (dosimeter 2500 mR)

Instrument No: Z 0-200 mrad _n¥Y Serial No: cloool

llustration F-8. Sample pocket Dosimeter calibration record
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L. - Revised 10/56G
PORTABLE RADIATION SURVEY INSTRUMENT CALYDRATION RECORD
Calib,
Date Source By Seso 500 500 we RAMGE COMMENTS
. ok s Lo 10 8t T s Loy d o] sge] ey s ten seete
b/-’l?’/?/ culé‘:_?;«;t«, YR Reading 1300| 290| 105 | w5 | 40 y /
VRV TR A S el V) P o v i ey e e
<7 | ATFS reating |, 479 380 | 72| 2 p.sl4.2 ] 72
C 15k 75?;2)5;,' Ryan |Bxe- Bate | 1505|396 | 94 | 42 |5 42] 1 (pF o vseoo
Colid Bt | Preld vl |Readng 150 |375 | 95 4= | 105 121
alaa [42. {i{é‘ﬁ;ﬁu ‘@4»: Ep- Rate | 1487 (372 129|403 [10.3 Jans | 103 ! poret om K Su0d
Csoig) |HEEkReadine | 150D 1375195 |41 [10.5 (4.5 [0
Exp. Rate
Reading
Exp. Rate
Reading
Exp. Rate
Reading -
Exp. Rate
Reading

Instrument: _RD'SC, -:ZZU ZHRMBE—E

Serial No:

B¢

llustration F-7. Sample survey instrument calibration record
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lllustration F-6. Sample page from self-reading personnel dosimeter log



A & e Ses i emderea—

e L L EEIEES

ot

, . - % "
..

- ICN DOSIMETRY SERVICE . DATE BADGES RECEIVED: 04713793
ACCOUNT NO g gl;lsalg:?:S;CGNBIOMEDICALS.INC DATE REPORT PREPARED: 04,22/93
-~ 1AVINE CALIFORNIA 92713 CALENDAR QUARTERS' O e
SILITY: 72017 . E TELEPHONE 1-800 251 3331 JAN 01 T0 MAFL:M 1
ATTN: RONALD BRIDGES b A APR O} T0__JUN 30 1
KANSAS STATE UNIVERSITY ' RADIATION EXPOSURE REPORT JUL O1 1O SEP 30 1
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lllustration F-5. Typical quarterly report on extremity exposures
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Nuclear Engineering Report of Film Badge Readings February 17, 1993
iD SS Month of 1st Year Permanent
Number Number January Quarter 1993 .
Burger, Matt 7 M M M 30
Curtis, John 14 | M M M M
Donnert, Herman 17 M M M 20
Eckhoff, Norman 18 : M M M 2140
Faw, Richard 20 | M M M 790
Grelk, Brian 26 M M M 10
Kirkland, John 38 M M M 30
Lies, Quinton 45 i M M M M
Reichwein, M. 56 M M M M
Ryan, Brendan 60 M M M M
Schawe, Barton 63 M M M M
Shultis, John 64 M M M 670
Starr, william 65 ! M M M 150
Wilkinson, L. 71 M M M M

- indicates no readings for that period
exposure in mRem
M is minimal (less than 15 mRem)

lustration F-4. Typlcal monthly report for the Nuclear Reactor Facility
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lllustration F-3. Typical monthly report on occupational exposures (University wide)
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MSTRUCTIONS AND ADDITIONAL INFORMATION PERTINENT TO THE
COMPLETION OF NRC FORM §
(AR doses should be stated In rems)

. I 1 M ixd -
[ EA R N
K] R

“ PRIVACY ACT STATEMENT ' .|

SA,

Tyne or print the full nsme af the monitored Individusl
in the order of 1est nema {include SJr,® °Se,” *M," otc ).
fiest nsme, middie Initial fif spplicsble),

Enter the indiidust's identification number, Including
p t This number should be the B-dight saciel
security number i ot ol possible, H the individusl hee
no soclsl secimity number, enter the number from
snother oificlal identification such se 8 Poesport or
work permit, .

Enter the code for the type of Identilication vssd as'
shown bslow: !
CODE 1O TYPE

SSN  U.S. Socisd Secwrity Number

PPN Paseport Number :
CS1*  Canadien Soclal Insurance Number -

WFN  Work Permit Number
IND  INDEX Mentifiostion Number
OTH  Other

Check the box thet denotes the sex of the individual
being monitored.

:m.rmmuum-m-mmmmm
in the format MM/DD/YY,

Emulhomodluh.pﬂbdluﬁiehmimmh
filsd. The format should be MMDD/YY - MM/DO/YY.

Enter the name of the licenses.
Entoer the NRC Scents number or numbers,

Place sn °X* in Record or Estimate Chooss "Record®
H the doss data Keted reprasent a final determinstion of
the dose tecelved to the best of the Ncensse’s
knowiedge. Chooss “Estimate® onty i the Nsted doss
data are prefiminary snd will bs superseded by a finsl
determination resulting In » subssquent report. An
example of such sn Inetencs would ba dose date based
on seli-reading dosimeter results and the Rcansse
intends to assign the d dose on the basls of TLD
results that ars not yet avaliable,

Place an "X° in either Routine or PSE. Choose
“Routine” if the datarepresent the results of monltaring
for routine exposures, Chooss *PSE" if the Nsted dose
data raprasents the rasuits of monitoring of plsnned

it ved during the monitoring

P P s T

10A,

10C.

12,

17.

20,

n,

period, It mare than one PSE was received in a single year,
the kicensss should sum them and report the total of aff
PSts.

Enter the symbol for each redionucide that resulted In »n
Internal exposuwre recorded for the individusl, ueing the
formet *Xx-#28x," for instance, Cs-137 or Te-99m,

. Enter the Jung clasrance cless as listed In Appendix 8 to 10

CFR Part 20 1001-2401 (D, W, Y, V, or O for othat} for skt
Intakes by Inhalation, .
Enter the mods of Intake. For inhalstion, snter “H.® For
shsorption through the skin, entsr *B.° For oral ingestion,
onter “0." For injection, enter *J.°

Entar the Intake of sach radionuciide in #Cl.
Enter the deep dose equiveient [DOE) to the whole body,

Enter the sye dose squivalent {LDE} recordad for the tens of
the eye,

Erter the shellow dose equivelent reconted for the skin of
the whole body (SDE, W),

Enter the shallow doss squivelent recorded for the skin of
the extremity recelving the maximum dose {SDE,ME),

Enter the committed sffective dose equivelent {CEDE) or
“NR" for “Not Required® or *NC" for “Not Calculated”,

Enter the committed dose squivalent (COE) recorded for the
maximally exposed organ or *NA* for "Not Required® or
“NC* for “Not Celculated®.

Enter the total effective doss squivelent (TEDE). The TEDE
Jo the sum of Keme 11 and 18,

Enter the totsl orgen dose equivslent [TODE) for the
maximally axposed orgsn. The TOOE ts the sum of temse 11
and 186,

Signeturs of the psrvondesignated to represent the licensss,
Enter the date this form was prepaced,

COMMENTS,

¥ the spsce provided, entsr sdditional Information that
might be nesded to determine complience with Fmits, An
sxsmple might be fo enter the note that the SDE,ME was
the resuht of exposure from & discrete hot poarticle. Another
possibiity would ba to indicate that sn overexposed report
hes been sent to NAC in ref. 1o the exp report,

Pursuent TO § U.S.C. 5621(s)(3), enscted into lew by Ssction 3 of the Prvacy
Act of 1974 (Public Law 93 579), the foRawing statement ls fumished to
Individuals wha supply informatian to the U S, Nuclear anuln‘nry Commlssion
on NRC Form B. This Information [s maintained in s system of records
designated s NRC-27 and described 4t 55 Fedaral Reglster 33084 [August 20,
1880}, or the moet racant Fedars! Reglster publication of the Nuclesr Ragulatory
C inslon’s “Aspublication ot Systems of Records Notices® that Is availsble at
tha NRC Pubke D: W Room, Gak Building, Lower Level, 2120 L Strest
NW, Washington, D C.

1. AUTHORITY: Sections §3, 63, 65, BY, 101, 104, 161{b), and 181(c)
of tha Atomic Energy Actof 1954, ss amended 42U s C. 2072, 2093,
2095, 2111, 2133, 2134, 2201(b), snd 220100)) The suthanty for
sokiciting the social sacurity number Is 10 CFR Part 20

2,  PRINCIPAL PURPOSE(S): The Informstion Is used by the NAC In ke
evalustion of the risk of radlatlon oxposure sssocisted with the licsnssd
sctivity snd In exerchiing he statutory rasponsibibity to monitor and
taguiste the safety snd heshth peacth of ite k The dsta penmits
8 masningful comperson of both tument snd long term exposure
exparience smang types of Ncensses and smong licensess within sach
typs. Data on your exposurse to radistion is avallable 10 you upon your
request,

3. ROUTINE USE(S): The infarmation may be used te provide deta to othes
Federal and Stats sgencles lnvolved In monitoring and/or evsluating
tadistlon exposure recalved by indlvidusle smployed as radlation workers
on & parmanent or temporsry basle and exposure recelved by monhorad
visitors. The information may aleo be disclased ta sn sppropriate Federal,
Stete, orfocal sgency in the svent the Information indicates a violation or
potantiel violation of taw snd in the courss of an sdministrative or judiclal
proceeding. :

4. WHETHER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFECT
ON WDIVIOUAL OF NOT PROVIDING INFORMATION: K| voluntary that
you furmish the requested infarmation, including soclal scurity number,
howaevar, the ficanses must complete NAC Form S on each Individusl for
whom parsonnel manitoring Is required under 10 CFR 20 2106 Fadire to
do s0 mey subjact the hcansee to enlorcemant action in secordance with
10 CFR 20 2401 The soclsl security numbet ie used to sssure that NRC
has an sccueate identifier nat subjact to the coincidence of similar names
or bithdstes among the large number of psssons on whom dasia s
maintained

s. SYSTEM MANAQGER(S) AND ADDRESS:
RENS Projact Manages .
Ollice of Nuclast Regulatory Resesrch
U S, Nuclesr Regutatory Commission
Washington, DC 20555

llustration F-2. Operational exposure record for a monitoring period (NRC form 5) [cont'd]
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6. MONITORING PERIOD
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NRC FORM 6 o . U.S, NUCLEAR REGULATORY COMMISSION
16-92) ) T 7 - '

10 CFR PART 20

. APPROVED BY OMB NU). 3150-0006 ,

EXPIRES:, .
ESTIMATED BURDEN PER RESPONSE TO COMPLY WITH THIS
INFORMATION COLLECTION REQUEST: MINUTES.
FORWARD COMMENTS REGARDING BURDEN ESTIMATE TO
THE INFORMATION AND RECORDS MANAGEMENT BRANCH
IMNBB 7714), U.S, NUCLEAR REGULATORY COMMISSION,
WASHINGTON, DC 20555, AND TO THE PAPERWORK
REDUCTION PROJECT {3150.0008), OFFICE OF
MANAGEMENT AND BUDGET, WASHINGTON, DC 20503

OCCUPATIONAL EXPOSURE RECORD .
- FOR A MONITORING PERIOD

i

1. NAME (LAST, FIRST, MIDDLE INSTIAL) 2. IDENTIFICATION NUMBER 3. 1D TYPE

R 6. DATE OF BIRTH

8, LICENSE NUMBER(S) 9A,
RECORD

ESTIMATE

98.
ROUTINE
PSE

INTAKES

DOSES {in rem)
10A. RADIONUCLIDE 108. CLASS 10C. MODE 10D, INTAKE N uCl

DEEP DOSE EQUIVALENT (DDE)

EYE DOSE EQUIVALENT TO THE LENS OF THE EYE {LDE}

SHALLOW DOSE EQUIVALENT, WHOLE BODY (SDE,WB)

SHALLOW DOSE EQUIVALENT, MAX EXTREMITY (SDE,ME]

COMMITTED EFFECTIVE DOSE EQUIVALENT (CEDE)

COMMITTED DOSE EQUIVALENT,
MAXIMALLY EXPOSED ORGAN

(CDE)

TOTAL EFFECTIVE DOSE EQUIVALENT 12,
(BLOCKS 11+ 15]  (TEDE)

| TOTAL ORGAN DOE EQUIVALENT, 18,
MAX ORGAN {BLOCKS 11+ 16} (YODE)

NRC FOKM § (6-92)

18, COMMENTS

20 SIGNAURE «= LICENSEE 21. DAYE PREPARED

lllustration F-2. Operational exposure record for a monitoring period (NRC form 5)
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PR
INSTRUCTIONS AND ADDITIONAL INFORMATION PERTINENT YO THE ’ PRIVACY ACT STATEMENT
COMPLETION OF NRC FORM 4
(AN doses should be stated ki rems)
. . . s
1. Typa or print the full nsme of the monitored Indhvidual n oxpasures recelvad during ths monitoring pariod. Il mors Pursuant TO 6 U S C. §52a{e){3], enscled into law by Section 3 of the Privecy Act of
the ordar of fast name finchsde “Jr,” *8¢,° “I," ste ), fhrat than ons PSE was recelved In s singts yasr, the Scenses 1974 (Public Law 93-879), the fokawing statement Is turnished to Individus!s whe
name, middle intial (i1 spplicable), should sum them and report the total of s PSEs. supply Information to the U.S. Nuclear Regulstory Commisslon on RRC Form 4. This
' informstion Is malnteined ln & system of records designasted as NRC-27 snd dascnbed
2. Enter the Individust's Wdentification number, Including | 11, Enter the desp dose eguivelent {DDE) to the whola body, at 55 Fodars! Reglster 33984 {August 20, 19901, or the mast tecent Feders! Regleter
punctustion. This number should be the 9-digh soclsl . publicstion of the Nuclasr Regulstory Commission’s “Republication of Systems of
security numbar If at all possible, H the Individusthasna | 12.  Enter the sye doss equivatent (LDE) recorded for the lans [} Records Notices® that Is aveliable st tha NRC Publc Document Room, Gelman
socied security number, entar the numbar from snother of the eye. Building, Lawer Lavel, 2120 L Strest NW, Washington, D C.
olficlal idantlficstion such as & passport or work permit. .
13, Enter tha shalow dose equivalent recorded for the skin of 1. AUTHORITY: Sactlons 53, 63, 65, 81, 102, 104, 161(b), and 161(0) of the
- R Enter the code for the type of Mentification used [1} tha whole body {SDE,WB). Atomic Energy Act of 1954, as amended (42 U.8 C 2073, 2093, 2095, 2111,
shown below: 2133, 2134, 2201(b), and 2201(0)). The suthority for soliciting the socle!
14.  Enter the shallow dose equivslent recorded for the skin of security numbaer Is 10 CFR Part 20.
CODE D TYPE - the extremity recslving the maximum does {SDE, ME).
SSN U S, Socisl Security Number 2. PRINCIPAL PURPOSEIS):  The lnformation is used by the NRC in its svalustion
PPN Passport Number 16.  Enter the committed sifactive dose equivslent (CEDE). ol tha risk of radistion exposire sssociated with the hicansed sctivity end in
CcSt Consdian Soclsl Insurance Number exercliing s statutory responability ta monitor and regulate the ssfsty end
WPN  Work Permit Number 16.  Enter the committed dose squivatent {CDE} recorded tor hastth practicas of ite Sicensass. The dsta permits & masningful comparison of
WO INDEX Mdentification Number the maximally sxpossd orgen, both cument and Jong term expasine expsriance smong types of hcansess and
OTH  Other smong Nicensees within asch typs Data on your exposure to sadistion is
17.  Enter the total effective doss squivalent (TEDE), The avpdsble to you upon your request, *
4, Check the bax that denotas the sex of the Individual TEDE ta the sum of hemu 11 and 15.
baing monitored, 3. ROUTINE USE(S): The Information may be ussd to provide dats to other
18. Enter the totsl orgsn dose equivelent {TODE} for the Fedsral end State sgencles lnvolved in monitoring and/or avalusting radiation
8. Entss the dats of birth of the Individuel being Rored ximally sxposed organ  The TODE is the sum of teamas exposurs recelved by Individuals employed ss radistion workers on » permanent
In the format MM/DD/YY, 11 ond 18. or temporary basle and expasure recelved by monltored vizitors The Information
mey slea be disciosed to an appropeiste Federal, Stats, or locsl sgancy In the
e. Enter the monitoring pertod for which this teport le filed, 19. Signat of the itored individusl, The slgnature of svent the informatian indicates a violation o potsntial violation of law and in the
The format should be MM/DD/YY - MM/DD/YY. the monitored individusl on this form Indicates that the ‘course of sn adminlstrative or judicial proceeding
Informstion contained on tha form s complete snd comect
1. Enter the neme of ths Bcensss or fachity not Bcensed by * o the best of his or har knowladge, 4, WHETHER DISCLOSURE 18 MANDATORY DR VOLUNTARY AND EFFECT ON
NRC that provided monitoring, j INDIVIOUAL OF NOT PAOVIDING INFORMATION: i Is voluntsry thst you
20. Enter the date this form was signed by the monitored fumnish the requested informstion, Including sociat security number; howaever,
8. Enter the NAC license number or numbers. Indhviduel, the kcenses must complets NRC Form 6 on each Individual for whom personne!
! monltoring ls required under 10 CFR 20 2106 Failure to do so mey subject the
9. Mace an °X° In Record, Estimate, or No Record. Choose 21, [OPTIONAL} Enter the nama of the ficensse or {aclity not licenses to enforcemant actlon In sccordanca with 10 CFR 20 2401 Thae socist
“Record” H the dose data Hsted represent s finel . keensed by NRC, providing monltoring for sxposurs to security number Is ussd to asture that NRC hae an accurate Identifisr not
detarminstion of the dose recelved to the bast of the ! tadistion (stch ss & DOE faciity] or the employer If the subject to the coincidence of similsr namas of birthdstae among the farge
Ecenses’s knowledge. Chooss “Estimste” only if the ¢ Indhidusl le not employed by the Kcenses and the number of persons an whom dats Is maintained.
Nated doss data are preliminary and wil be superseded by smployer chooses ta meintsin exposice rscords for ke
o final determination resulting In & subsequent report. An . smplayses, 8§, SYATEM MANAGER{S} AND ADDRESS:
sxample of such sn Inatance would be dose date based ~ . REIRS Project Manager
on self-reading dosimet Mta and the ke Intend 22. |OPTIONAL] Skgnatwrs of the person designated to Office of Nuclasr Regulatory Ressarch
fo assignthe tecord doss on the basis of TLD results that tepresent the licensee or smplayar entered in ltem 21, U S, Nuclesr Regulatary Commussion
e ot yet aveilable, The licentee or employar who choosss to countersign tha Washington, DC 20585
form should have on fits documentation of ol the
10.  Pisce 3n "X in elther Routine or PSE  Choose *Routine” information on the NRC Form 4 baing signed.
it the dats represent the results of monitoring for routine )
evposwes. Choose °"PSE® il the Weted dose dats | 23 |OPTIONAL) Entet the dste this form was signed by the
represents the rasuts of monitoring of pisnned specisl . designated representstive,
7~ Hlustration F-1. Cumulative occupational exposure history (NRC Form 4) [continued] .
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- _ c e PAGE OF
U.8, NUCLEAR REGULATORY COMMISSION

NRC FORM 4 _ ,
18-92) :
4§ 10 CFR PART 20

APPROVED BY OMS NO, 3150-004S
EXPIRES:

.

CUMULATIVE'OCCUPATIONAL EXPOSURE HISTORY

ESTIMATED BURDEN PER RESPONSE TO COMPLY WITH THIS
INFORMATION COLLECTION REQUEST: MINUTES. FORWARD
COMMENTS REGARDING BURDEN ESTIMATE TO THE INFORMATION AND
RECORDS MANAGEMENT BRANCH (MNBB 7714), U.S. NUCLEAR
REGULATORY COMMISSION, WASHINGTON, DC 20566, AND TO THE
PAPEAWORK REDUCTION PROJECT (3160-0006), OFFICE OF
MANAGEMENT AND BUDGET, WASHINGTON, DC 20603,

1. NAME ILAST, FIRST, MIDDLE INITIALY

2, IDENTIFICATION NUMBER &.DATE OF BIATH
4. MONITORING PERIOD 7. UCENSEE NAME 8. LICENSE NUMBER Py RECORD
ESTIMATE
NO AECORD
13, 90L, W 14. SOE, ME 1%, CEDE 17. Te0¢
8. MONITORING PERIOD 7. LICENSEE NASIE 8. LICENSE HUMBER .. RECORD 10. AOUTINE .
ESTIMATE
Nonrecomo || pse[
11, DOE 12.10¢ 13. SOE. W8 . | 14, sot, mt 18, CEOE 16 cot 17. TED€ e, T00C
¢ MONITONING PENOD - 7. LICENSEE NAME 8. LICENSE NUMBER .. AECOAD 10. AOUTINE .
estmare [ |
Nonecorn || .« pst
11.00¢ 12.10¢ 13. 30E, Wi 14. SOE, ME 8. ceot 18, COE V7. TEDE 18, T00€
& MONITORING PERICD 7. UCENSEE NAME 8. LICENSE NUMBER .. RECORD 10 AOUTINE
ESTIMATE
-
NO RECORD . est
11.00€ 12,10€ 13, SOL, Wa 14, SOF, Mt 1%, CEOL Ve, COE 17, TEOE
9. MONITORING PENOD 7. LCENSEE NAME 8. LICENST NUMBER RECORD ACLITINE
estnaare ||
= -
N NO RECORD st
11,008 12.10¢ 13. SOE, W8 14. SO, ML 1%, ctot ) V8. cot 17. TeDE 18 TooE
0. MOMITORING PENOD 7. LICENSEE NAME 2. LICENSE NUMBEA .. RECORD 10, ROUTINE .
ESTIMATE
. NO RECOAD rst r'
1 DI 12,108 13, SOL, W8 14.°5DE, ME 18, CEOE V7. T60€ 18 ToOE
——————
19 SIGNATURE OF MONITORED INDIVIDUAL 20 DATE SIGNED . 2V. CERNIFYING ORGANIZATION SIGHATURE OF DESIGNILE 23 DATE SIGNED

NAC FORM 4 18 831 lllustration F-1. Cu‘mulative occupational exposure his;tory (NRC Form 4)
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