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Seceetary 3 s comisaton - = 20-(3(44FR U284
C.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Docketing and Service Braich

Re: Docket No. PRM-20-13, Petition for Rulemaking by Mr. Victor E.
Anderson

Dear Sir:

The petitioner proposes to amend the Nuclear Regulatory Commission
regulation "Standards for Protection Against Radiation,” 10 CFR 20, to
require that Health Physics personnel be certified by the Commissiom.
The proposed amendwent also provides for certificacion of Health
Physicists at five levels.

The petitioner also states that there are no cfficial legal standards,
only a regulatory guide, for radiaticn managers and some ANSI Standards
for Technicians.

The primary reason for suggesting that amendment 10 CFR 20.600 be
added is to prevent managemeat from placing pressure on Health Physics
personnel to engage in bad practice.

The American Board of Health Physics submits the following comments to
this petition:

The American Board of Health Physics was established on October 29,

1959, and for a period of almost 70 years has provided a certification
program for Health Physicists by examination. The certificate indicates
that its holder has completed certain requirements of study and pro-
fessional experience, which the Board considers to constitute an adequate
foundation in health physics and has parsed an examination designed to
test the individual's competence in this field.

It should be recognized that the certificate awarded by the Board is
not a license and, therefore, d 2s not confer a legal qualification to
practice nealth physics. Since the inceptiom of this program, the ABHP
has certified a total of over 540 individuals .z of January, 1379.

Under the direction of the ABHP, a National Registry of Radiation
Protection Technologists was established and incorporated om April 12,
1976, The objectives of the NRRPT were to develop standards and pro-
cedures for :the registration of Radiatiomn Protection lechnologists,

to iastitute examinations and tu registar qualified individuals after
demonstrating technical competence by examination. The NRRPT has
certified a total of over 115 individuals as of January 1979,
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The purposes nf the NRRPT Board is to:

1. Evaluate the standards and advance the profession of applied
Health Physics by encouraging its study and improving its practice.

2, To encourage and insist on the highest standards of pio-
fessional ethics and integrity ian the practice of radiation protection.

3. To determine the compettace of specialists in radiation pro-
tection and to arrange, control ana conduct investigations and examinatioms,
to test the qualifications of voluntary candidates for registration by
the Board.

4. To grant and issue certificates .n the [ield of applied Health
Physics to voluntary applicants and maintain a registry of those who
qualify.

The certificate of registration indicates that its holder has completed
certain requirements of study and competence which the Board considers

to constitute an adequate foundation in radiation protection and has
passed an exam designed to test the individual's knowledge in this field.

It should be recognized that the certificate of registration by the Board
is not a license and, therefore, does not confer a legal qualification
to practice Health Physics.

In September 1978, after consideration for over three years, the ABHP
decided to offer a Specialty Certification in Power Reactor Health

Physics, in addition to the Comprehensive Certification the Board appointed
a Power Specialty Examination Panel to prepare, administer and grade the
Power Reactor Specialty Examination under the guidance and approval of

the toard.

The ABHP feels that at present these programs are more than adequate to
certify and register professionals and technologists in the field of
Health Physics. These programs have received both Natiomal and
International recognition, and have been quite effective. Duplication
of this effort by a Federal Regulatory Agency would serve no useful
purpose. As a result, the ABHP “eels the petition is without merit and
should be denied.

The Board would also like to submit the following information and documen-
tation to the NRC dealing with the current ABHP certification and NRRPT
Registration programs. E

(1) Complete set of applications and handout materials required of
prospective candidates in order to qualify for the ABHP Certification
Examination.

(2) Complete set of application and handout materials required
of prospective candidates in order to qualify for the NRRPT Registration
Examination.
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(3) ABHP Item Classification Scheue.
(47 MNRRPT Item Classification Scheme.

(5) ABHP Examination Preparation Guide, 1979, with addendum for
Powe - Reactor Health Physics Specialty Examination.

(6) NRRPT Examination Preparation Guide, 1978.
(7) American Board of Health Physics Board and Panel Mrmbers.

(8) National Registry of Radiation Protection Technologists Board
and Panel Members.

(9) Th: ABHP Continuing Certification Program.

(+0) NI.RPT Brochure.

(1i) ‘“aper entitled "An Inside View of the American Board of Health
Physics Programs Report on ABHP Examination Program Part I 1968-1975,
Michael S. Terpilak, Health Physics Society Meeting, July 16, 1975,
Buffalo, New York.

The Boz~d certainly hopes that these comments will be useful to the NRC
and ap,reciates the opportunity to comment on this proposal.

g P
Wikoilf Loy 6l
Michael S. Terpilak
Chairman, ABHP
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AMEPICAN BOARD OF HEALTH PHYSICS
HISTORY

Shortly after its organization, the Heaith Physics Society
established a Committee to study the need for certifica-
tion of health physicists and to develcp plans for certifi-
cation if this appeared !0 be desirable. After an intensive
stucy, the Committee recommended that an American
Board of Heaith Physics be estabiished tc deveicp standg-
ards and procedures, 10 examine cancdidates, and 1o issue
written proof of certification to individuals who ~ave satis-
fied the requirements established by the Soard. The Scard
of Directors of the Saciety decided that these recommen-
qations had merit and appointed a temporary American
Board of Health Physics on November 8, 1958.

The temporary ABHP ceveioped a set of i)
requirements for certification after carefully reviewing the
professional background of 100 seiected individuais be-
lieved to be representative of those recognized as com-
petent health physicists. These minimum requirements
wera submitted to the membership of the Scciety for
commert. At the Society’s Annual Meeting in June 1858,
the mattar was <iscussed in an open mesting and there
was general support for the plan. The Board of Directors
of the Society formally established the American Board of
Heaith Physics by approving an amencment to the By-
Laws of the Society on October 29, 1959.

The ABHP was inccorporated in the State of New York
on December 1, 1960. Provision was made for organiza-
tions cther than the Heaith Physics Scciety to be repre-
sented on the Board.

The Board has seven membpers. Five are s 3onscred by
the Health Physics Society, one by the American Associ-
ation of Physicists in Medicine, and one b the American
Public Heaith Associaticn. Each member serves a S-year
term.

An Examination Panel consisting of Certified Heaith
Physicists appointed by the Beoard pregarss, aadministers,
and grades the written certification examination under the
guidance and approval of the Scard.



PURPOSES OF THE BOARD

First: To elevate the stancards and advance the pro-
fessicn of heaith physics Dy encouraging its
study and improving its practice.

Second: To encourage ard insist on the highest stand-
arags of professional ethics and integrity in the
practice of heaith physics.

Third: To cetermine the competence of specialists n
heaith physics and to arrange, contro!, and
conduct investigations and examinations o test
the qualifications of voluntary candidates for
certificates 10 be issued by the Beard.

Fourth: To grant and issue certificates in the fieia of
heaith physics to voluntary applicants and to
maintain a registry of hclders of such certfi-
Iates,

MEANING OF CERTIFICATION

The certificate indicates that its hoicer has compieted
certain requirements of study and professional experi-
ence, which the Board considers to constitute an ade-
quate foundation in heaith physics and has passed an
examination designed !0 test his competence in this field.

it shouid be recognized that the certificate awarded by
the Board is riot a license and, therefore, does not confer
a legal gualification to practice heaith phiysics.

PROFESSIONAL RESPONSIBILITIES
OF CERTIFIED HEALTH PHYSICISTS

In achieving certific ition, the Certified Heaith Physicist
recognizes and assum: s responsibilities due the profes-
sion of heaith physics.

In order to maintain his techmical competence, the
Centified Heaith Physicist has a commitment 0 .. jain
active in the field oi heaith physics and acquainted with
the scientific, technical and reguiatcry cevelcpments in
his field.

In orger to uphoid the prefessicnal integrity of heaith
chysics ‘mplied in this certification, his relations with
cthers, inciucing clients, coileagues, jovernmentai agen-
si@s, and the general pubiic snall aiways te Dased upon

2

ang reflect the highest standards of professicnal ethics
and integrity.

The Centfieg Heaith Physicist shall represent nimseif
as an authority only in those areas in which he (s consic-
ered expert Ly his peers.

GENERAL REQUIREMENTS

Requirements for Candicates for cerntification are as
follows:

1. ACADEMIC. The Applicant must have a Bachelor's
Degree in a ghysical science or in 3 biological sci-
ence with a minor in physical science. In excepticnai
cases, perscns who have demonstrated adeguate
knowiedge of heaith physics but who are deficient in
these academic requirements may, at the discretion of
the Boarg, be permitted o0 substitute experience for
acacemic requirements.

2. EXPERIENCE. An applicant must have at least six
years of FTE (fuli-time equivaient) professional expe-
rience in heaith physics. At least three years of the
experience must have been in applied radiation pro-
tection work. Additional egucatiocn may e substituted
for up 10 a maximum cf 2% years of experience as
follows:

Years E uivelert

of study creait for
Trpe of Study A JSEporanee,
General—related tc HP 1 Va
Generai—related to HP 2 or MS 1
General—related 10 HP PhL 2
Heaith Physics 1 1
Heaith Physics 2 or MS 1%
Health Physics PhD or ScD 2%

An applicant may not claim professional experience
for an advanced degree and work experience for the
same pericd. For example, | an applicant attercs
night school for 4 years resulting in an MS degree
ang during the same pericd Re is empicyed as a
heaith physicist, he may ciaim four years professional
experience, but may not claim an additional year of
experiance for his MS.

3. PRCFESSIONAL. Each applicant must be engaged n
the professicnal gractice of heaith onysics a substan-
tial serticn of his time. Reference statements are re-
guired frem the applicant's sugerviscr (if aperopriate)

3
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and from at least two other individuals who are pro-
fessicnally quaiified to evaluate the applicant's ability
in heaith physics. it is recommended (but not re-
Quired) that at least one reference be a heaith physi-
cist alrsady certified o the ABKP.

4. WRITTEN REPORT. The Board, after examination of
the appiication for certfication, may request reports
on ragiation protection evaiuations made personally
by or under the supervision of the applicant. Each
applicant must be canable of making a satisfactory
evalyation on several instaliations or operations in-
volving possibie radiation hazargs of which those
listed below are examples:

Raciegraphic installation—inaustrial megical
Fluoroscopic installation

. Therapy installation

Radionuclide laboratory

Air and water samgling anc environmental survey
Nuclear fuel processing plant

Nuclear reactor

. Major decontamination operation

Particle accelerator

5. EXAMINATION. Wnitten examinations will be manda-
tory; oral examinations will be at the discretion of the
Board. The wnitten examination has two parts. Part |
determines competence of the applicant in fundamen-
tal aspects of heaith physics and Part |! dete mines
his competerce in practical health phys.cs topics. The
examination must be taken within two years of notifi-
cation of eligibility, or a new application must be
submitted.

~TFO ~PpODOe

EARLY ADMISSION
TO WRITTEN EXAMINATION

Applicants are permitted !o take Part | of the written
examination If they nave fulfilled the academic require-
ments for the MS Cegree in Radiation Safety or have two
vears of professional expenence at the time of the axami-
naticn. Applicants myst meet all the requirements /isted in
the prececing section befcre being admitted t0 Part ||

The purpcse of earty acmissicn to Part | of the exami-
nation s twe-fold: (1) io allow the recent gracuate an
cgportunity to cemonstrate his competence in the funda-
mentals of heaith physics at the Seginning of his career
and (2) to encourage younger health phvsicists to pro-

-

ceed toward certification. Appiicants who successfully
compiete this step in the examination procecure will be
required to take only Part |l of the written examination
when they ater apply for regular certification.

APPLICATION AND FEE

Application for examination must be made on the pre-
scribed form which is avaiianie from the Chairman. Appli-
cations should be fiied with the Chairman at least two
months befcre the cate of the examinaticn. Certification
fees are as follows:

Cartification Step Fee
Application to take Part | of
written examination $50

Application for Reguiar Examination
tc take Parts | and || of the

written examination together $100
Appiication to take Part Il of

written examination on'y $50
Charge for certification plague $15

Re-examination fees following failure of the exam are the

same as the original application fee schedule above.
*ENective Janvary 1, 1977,

EXAIAINAT'ONS

Examinations are usually given once a year—at the
time of the Annual Meeting of the Heaith Physics Society.
They are held at the location of the Society's meeting and
at other selected locations where the demand warrants.

Permite are required for entry into the examination
room. No reference ratenal may e Bdrought intc the
reom.

RE-EXAMINATIONS

A candidate wnc fails his first examinaticn may be
agmitted o a second examination after one year. A ¢an-
gigate who fails to appear for re-examination within two
years must suomit a new apglication.

After a second failure, 3 new application must be filed.
The cancicate must also submut evidence of substantiai
acdditional stucy befors ne may take the examinaticn fo.
the thirg time.

n
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FINAL ACTION OF THE BOARD

The final action of the Board is based on its evaluaticn
of the applicant's total professicnal reccrd, i.e., nis train-
ing and experience, the achievements he has cbtained in
heaith physics and related fields, the maturity of his judg-
ment, and the ethical nature of his professional conduct
18 indicated by his associates and peers. and often the
resuits of oral interviews as wall as the written examina-
tions. Anyone meeting the education and experience re-
quirements and who s practicing heaith pnysics n a
competent and ethical manner is strongly urged to apply
to the Board for admission to the written examination.
Althcugh satisfactory performance on the written @xamina-
tion is a necessary but not a sufficient requirement, per-
sons who are admitted to and who perform well on the
examination usually receive certification by the Boarad.

-

REVOCATION OF CERTIFICATE

Certificates may be revoked for actions considered By
the Board tc be in viciation of the statement “Professional
Responsibilities of Certified Health Physicists.” Any per-
son for whom such action is contempiated 3hall have the
right of appearance be‘cre the Board.

CHANGE IN REQUIREMENT

Current requirements, prccecdures, and ‘ees of the
American Board of Health Physics are described in this
brochure. These are subject to change without nctice;
however, changes will be published before their effective
date whenever practical. No changes wiiil be retroactive.

CORRESPONDENCE

All correspondence to the American Board of Heaith
Physics shouic be sent tc:

Michael S. Terpilak, Chairman
American Board of Health Physics
HEW, PHS, FDA, BRH (HFX 460)
12720 Twinbrook Parkway
Rockville, MD 20857



“Certified Health Physicist™ is a professional
title. It is a recognition of professional com-
petence conferred by the Amencan Board of
Health Physics, an organization founded in
1960 to establish standards of education,
experience and competence in the practice of
health physics. The certificate indicates that is
holder has completed certain requirements of
study and professional experience which the
Board considers to constitute an adeguate
foundation in health physics®, and that he has
passed a comprehensive examination designed
to t.<* nis competence in this field.

The Certified Health Physicist today is ably
-50i8ting government and industry, and the
research and health professions in achieving
the maximum benefits of the nuclear age witha
recora of safety that is unsurpassed. With the

*Reguirements for application for certification include a
bachelor's degree in science and  or enineenng and six yearsof
responsible professional expenence in health physics

-
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commitment of the nation to nuclear energy for
electrical power production, and with the in-
creased use of radiation producing equipment
in medicine and industry the role of the
Certified H.P. takes on new and greater sig-
nificance. The industry and inceed the generai
public, expects nothing less than the high
standard of safety that the nuclear field has
enjoyed to date. Certified Health Physicists are
already applying their expertise to meet this
necessary objective both effectively and
economicalily.

Recognizing the demoastrated professional
competence of CHP's government agencies,
industry and other organizations require
Certified Health Physicists in certain key
radiation protection positions.

Within their commitment to keep radiation
doses to employees and the public as low as
practicable, CHP's provide the following
services:

Radiation Safety
Analyses

Perform analyses on new or existing facilities
to deteruune and minimize their impact on
employee radiation dose and the public health
and safety.

Monitoring
Programs

Continually assess the adequacy of radiation
protection control facilities and procedures, by
thorough monitoring programs as part of the
facility operation.



Shielding and
Containment

Designs to protect personnel and the general
public irom radiation exposure and the
cisposal of radioactive mater:als.

Dosimetry

Detect, c¢valuate and controi rad:ation
exposures from externai sources through
portable and fixed radiation detection devices
and to detect, evaluate and control radiation
doses from internal sources through
calculations based on bioassay analyses and
whole body counters.

EMERGENCY PLANNING

&

ASSISTANCE "0
AVERNMENT
AGENC ES AN
NOUSTRY

Instrumentation

Select, calibrate, and interpret results trom:

. effluent monitors for liguid and gaseous
wastes

2. portable survey meters

o

laboratory detectors, ranging from sur-
face contamination counters to multi-
channel spectrometers

4. area monitors for direct radiation and
airborne radioactive materials

Plans and
Proced. res

Develop and keep current the plans and pro-
cedures necessary to control on-and off-site
exposures.

Emergency
Planning

Participate in and guide the development of
appropriate plans to mnmirmuze the con-
sequences of radiation accidents.



Environmental
Evaluation

Design and carry out sampling and analytical
programs to detect minute levels cf all radio-
nuclides in the environs of nuclear facilities
(flora, fauna, soil, water, air). Evaluate the
possible short and long-term consequences to
man and his environment from these levels or
postulated levels.

NATIONAL AQVISORY
COMMITTEES ON RADIATION
PROTECTION

SCENTIFIC EVALUATION OF
THE WEAL W EFFECTS 0F
SADATION

Waste
Management

Programs to controi reieases ol radioactivity
and ensure the safe storage of radiocactive
Wasies.

Manage
Regulatory Programs

At all levels within government and industry to
ensure compliance with Federal, State and
local regulations.

1)
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Educational
Programs

Provide general and specific training or
orientation in all aspects of radiation safety.

TRAINING

A Certified Health Physicist on vour staff or
as a consultant will provide a competent and
professional approach to radiation protection
and control prob.c mis. For a Registry of Certi-
fied Health Physicists or further information,

please write to the Chairman of the American -

Board of Health Physics.

il
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ANNMOUNCEMENT

AMERICAN BOARD OF IZALTH PHYSICS

The continued efforts ol the American Board to restrict expense: to a
bare minigum have beea successful as evideaced by the fact that the awount
of ooney rcalized chrough the examination fees has nearly mat tha expenses
of the prograa during the pas: year. However, during the last Board meeting,
Septenmber 26-27, 1978, it was recognized that thare are scze increased ex-
penses rasulting from the need to expand an& modify the examination questicns
in Jart I; increased.fee assessnent frona the Professional Exa:iﬁa:ioa Service
and additionully, the initiation of a new spesialty certification program for
power plant reactor health physicists. In any event, it was felt by the
Board that it would be necessary to ra.se the exanination znd certification
piaque fees for new candidates, effective Janiary 1, 1979, in ordar that the
prograa be self-supporting.

Effective January 1, 1979, the fees will be as follows:

CERTIFICATION SI=® FEE
Application to take Part I of the $ 75

written examination

Application for regular examinatioh $150
to take Parts I and II of the
written examination togather

Application to take Part II of written $ 75
examination only

Charge for certification plaque $ 25
Pleasc send application foras to:

Michael S. Terpilak, Chairman
American Board of Health Mhysics
HEW, PHS, FDA, BRH (HFX=4¢ e 5 \
12720 Twinbrook Parkway C)Z U
Rockvilla, Maryland 20857
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American Board Of Health Physics

DEFINITION OF HEALTH PHYSICS*

Health Physics is a profession devoted to the protection of man and
his environment from unwarranted radiation exposure. A health
physicist is a person engaged in the study of the problems and
practices of providing radiation protection. He is concerned with
an understanding of the mechanism of radiation damage, with the
development and implementation of methods and procedures necessary
to evaluate radiation hazards and with providing protection to man

and his environment from unwarranted radiatiom exposure.

*0f_iciall; adopted by the Health Physics Society in 1959.
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American Board Of Health Physics

REQUIREMENTS FOR ADMISSION TO PART I
OF THE WRITTEN EXAMINATION

The ABHP has announced the formal establishment of a special program to
permit younger health physicists to complete an initial step in the certi-
fication procedure. Under tais arrangement, radiation protection personnel
who have:

l. Received a Bachelor's Degree in a physical scienc: or a
biological science with a minor in the physical sciences,
and

2. completed a minimum of two additional calendar years of
professional experience or graduate training in health
physics,*

will be permitted to take Part I of the written examination,

In permitting a candidate to take this step, the Board makes no commitment
concerning the candidates eligibility to complete additional steps in the
certification procedure at a later date. This will de, 2nd upon performance
sn Part I and results of a thorough review of past training, professional
axperience, and statements contained in references submitted by candidate
.t time of application for regular certification.

The fee for admission to Part I of the written examination is $75.00 and
applications should be submitted on the form required for regular certi-
fication. To designate that they are applying for Part I only of the
written examination, applicants should write the words, "Part I” in the
uppper right hand corner (above the date) on the first page of the form.
Such applicants should also note that they are required to submit only
one reference statement in support of their application (rather than
three as required for candidates applying fcr regular certification).

Normally, the written examination will be given in June of each year on
the Morday of the week of the Annual Meeting of the Health Physics Society.
The deadline for submission of applications is April l.

* Applicants are eligible immediately after meating the requirements
for an MS degree in health physics. Alsc, iadividuals who have
successfully completed a Bachelor of Sciencs p-ogram in Health
Physics and who have at least one year of praccical (professional
level) experience,
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AMERICAN BOARD OF HEALTH PHYSICS

Application For Ceruficaton

DATE

INSTRUCTIONS:
1. Type or print in block capitals.
2. SUbMIt inN Gep.. 8
3. If space is inadequate for any answer, use extra sheet of
paper and number items (0 correspond with items as listed.

imitial Application Part 1, only

-
-

(S S

Re-aoolication Aegular Cernfication

Date

of
Name Citizenship _ 2. Birth

(last) (first) (miaale)
Home Address
Business Address
Home Telephone Number:
Send mail to: home address O business address =
Business Telepho.ae Number .
Academic Degrees Attained:
* ars of
Institution Vajor Minor Full Artend. Ougree Y ear

a.
b.
c.
Additional education and training related to Heaith Physics. (Please do not list courses of less than two weeks duration.)

Dates

Institution Title of Course Length of Course From To
a.
b.
C.
HAVE YOU TAKEN A CERT!IF!CATION REFRESHER COURSE? < YES S No. 2 0OF CLASSHRS
Professional and Honorary Societies’
Muv;o of Organization Yenr .oned Tyoe ol Mempershic* Cttice =eta

-

*TYPE OF MEMBERSHIP « Fallow MembdDer, Associate Memoer Student Member Dther soecify) S h 2
w N -

C



9. Present empioyment. Describe in your own words. (D¢ ot use official job descriptions. )

Date Assignes 1o Position | Name of Empiover Piace of Empioyment Name anc Titie of iImmediate

; Supen:tor

»n

xact Titie of Pregsent Pogition

 WJu l
I Descripnion of wors  Incluge M&j07 resoonsiLility ant specific fieids anc indicate percent of 1ime in Healtr Prysics wors ]
|
10. Previous Employment. (Start with most recent position and work back. Emphasize those portions ¢ f work that are Health Physics
or closely related.)
Dates ot Empioyment Name of Emplover Place of Empioyment
From To

Exacy tinie of position

Description of work  Inciuge ma)or responsibility and specific fields and indicate percent of time in Health Physics work

Dates of Employment Name of Empioyer Piace of Emplovment

From Teo

Exact tirie of position

Description of work . inciuge maior responsibiity and soecific fieids and indicate percent of time in Heaith Physics work




1.

Oate of Empigyment Name of Emoioyer Place of Empioyment

From To:

Exact utie of position

Cescription of aork. Include major responsibiity and specific fields and indicate percent of ume in Health Phy, ucs work

Cate of Empioyment Name of Empioyer: Place of Employment.

From: To

Exact utie of position

Description of work  Inzlude maor responsidility and spec: fic fieids and inCicate percent of time in Heaitn Physics work.

Categories of Competence:

Seiect the zategories in the list Delow in which you feel you are competent to function is 3 Certified Health Physicist,

Rank these n tre order of your proficiency (1 for your first choice, 2 for your second, etc)

industrial Raciograoh .« Instailations Reactor Facilities
Mecical Radiological and Fluoroscapic (nstallations Chemical Separations Plants
« Theraov nstallations Particle Accelerators

IsOtope LabOoratores Comgpiete =azards Svaluation

Enwvironmental Monitoring Maor Decontamination Coeration

T

Cther ‘specity) Otner specify!

562

0

l

9

4



12. Special Achievements:

a Medais, Citations, or other awargs. o

. Committee Activities

¢. Journal Publications anc Books:

d. Speeches and Lectures to outside organizations (last two years)

13. Professional References: name and address of at least two persons other than your supervisor who are qualified to evaluate your
Health Physics competence. (If possible, at least one reference should be a Certified Health Physicist; do not use a Board member as
a reference.)

| certity that the statements above (Including sny amtachments | have submirted hereto! are, 10 ™e best of My knowiedge, accurate, and | understand that
any feisification of intormation v this applicatior will be couse for rejection of e spplicanion or witharawsl of » certiticanion aiready made

Date

(Signeture in ink )

A non-returnable appiication fee of $ 10 must accompany the application. An additional fee of $15.00 will be charged when and if
certification is approved. .0 additior e Board serves notice to all appiicants that, if future operations of the Board require it, some
system of annual dues from all health physicists previously certifiec by the Board may become necessary. Make check payable to
AMERICAN BOARD OF HEALTH PHYSICS.

Mail Application to

562 (20



£ MERICAN BOARD OF HEALTH PHYSICS

Application For Ceruficaticn

DATE
INSTRUCTIONS: 2 inivsl Application S Part 1, aniy
1. Type or print in block capitals. Z  Re-apglicatian T Reguiar Cerufication
2. Submit in duplicate. .
3. If space is \nadequate for any answer, use extra sheet of
paper and number items to correspond with items as listed.
Date
of
Name Citizenship ______ 2 Birth

last (first) (miaagie)

Home Address

Business Address

Mome Telephone Number:

Send mail to: home address = business adaress =

Business Tzlephone Number -

Academic Degrees Attained:

Y ears of
Institution Major Mingr Full Attenda. Degree Y ear

Additional education and training reiated to Heaith Physics. (Please do not list courses of less thun two weeks duration.)

Darer

institution Titie of Course Length of Course From To
a
b.
c.
HAVE YOU TAKEN A CERTIFICATION REFRESHER COURSE? CT YES 2 No #OF CLASS HRS
Professional and Honarary Societies:

Namae of Organization Year Joined Type 3f Memoershio® Sttica ~eig

362 021
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g Present empioyment Describe in your own words. (Do not use official job descriptions.)

Date assignec (0 Position Name of Empilover Place of Emptoyment ] Naine ang Titie of iImmediate

Supervisor
Exac! Titie of Present Posinion
’
| Descripton of work  Inciuoe major responsibility and spectfic fieids and ngicate percent of me in Health Physic ; work

10. Previous Employment. (Start with most recent position and work back. Emphasize those portions of work that are Health Physics
or closely related.}

Dates of Employment Name of Employer Place of Employment

From To

Exact titie 0f posttion
Description of work  Incliuge major responsibility and specific fields and indicate percent of time in Health Physics work

Dates of Empioyment Name of Empioyer Flace of Employment

From To

E xact uitie of posttion
Descriotion of work  Include major responsidility and soecific fields and indicate percent of ime 1n Mealth Physics work




1.

Qate of Empioyment:

From To

Name of Empioyer

Place of Empioyment

Exact uitie of position

Dewcription of work . Include major responsitiiity and specific fields and indicate sercent of ume n Heaith Physics work.

Cate of Empioyment:

From. To:

Name of Employer:

Place of Empioyment:

Exact ntie of position:

Cescription of work  Include major responsibility and specific fieids ang indicate percent of time in Heaith Physics work

Categories of Competenca:

Select the categories in the list beiow in wnich you feel you are competent to function as 3 Certified Heaith Physicist.
Rank these in the order of your proficiency.

'sotcoe _a0oratores

T

Qther (specify)

Ingustrial Taciographic (nstaiations
Meaicai Rac:0logica ang Fiyorascapic |nstallatons

« Theraov Installations

Environmental Monitoring

{1 for your first choice, 2 for your second, 2tc.)

eactor Facihities
Chemical Separations Plants
Particle Acceierstors
Comgoiete =azards Evatuation
Major Decontamination Operation

Cther specity)

€
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12. Special Achievements:

&. Medais, Citations, or other awards:

. Committes Activiiies e

¢. Journzl Publications and Books:

d. Speeches and Lectures 10 outside organizations {last two years)

13. Professional References: name and address of at least ' ) persons other than your supervisor who are qualified to evaluate your
Health Physics competence. (If possible, at least one reference should be a Certified Health Physicist, do not use a Board member as
a refererce.,

| certity that the statements p50ve [INCIUGING BNy ATIAChMments | have sUD™MIT 3d hereto! are. 19 the Dest 0! My xnowiNdde, sccurate, and | understanc that
any taisificanion of informanor in this apolhication will De cause 1or rejection of the soDiication or witharawasl of s certificaton siresdy maoe.

Date

(Signature 1n ink )

A non-returnable application fee of $ 10 must accompar., the application. An acaitional fee of $15.00 will be charged when and if
certification is approved. In addition, the Board serves notice to all applicants tnat, if future operations of the Board reyuire it, some
system of annual dues from all health physicists previously certified by the Board may become necessary, Maks check payable 1o
AMERICAN BOARD OF HEALTH PHYSICS.

Mail Application t0.

LAY
o
PO
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American Eoard Of Health Physics

COtTINENTIAL PROFESSIONAL REFERESCE FORM=
Michael S. Terpilak, Chairman

Please return promptly to: American Board of Health Physics

(Please return

HZw, PHS, FDA, BRH (HFX-460)
12720 Twinbrook Farkway
Rockville, Maryland 20857

separate sheet.

-
-
Q.
L 3
w0
ot
I
L
—

,.
L]
[

562

Applicant’s Lame: Application MNo.
L, tiow long have you known the applicant? . @aTrS.
- What has been the nature of your association?
a. Do you know him personally? Yes No
b. Are you in a position to evaluate his techaical cu-abilities?
Yes No
3. Describe briefly your impression of the work the ap: .iczat does.
a. Is the work primarily technical in scope? Yes No
b. How and by whom are his decisions used?
Cs What type of probiems does he have to face?
d. Wnat are his responsibilities in caise of emergencies?
e. How much supervision does he have and exercise?
b How well do wou think the applicant does the work assigned to him?
*hote: If you wish to make additional comments, please include them on 2

‘aver)

025



5. What specific and noteworthy accomplishments. if any, has he m: e in
the radiation protection field?

5. what limitacions, if any, does the applicant have wh ch might adversely
influence his capacity to practice health physics on a responsible pro-
fessional leval?

a. How well does he work with others?
b. How effectively does (or would) he perform as a2 consultan:?

7. What is your estimation of:

a. His honesty?
b. His professional ethics?

8. Do you have any reservations about recommending the applicant for car-
tification? Yes No (If yes, please explain)

Printed Name: Title:

Signature: Adress:

Dace:




American Board Of Health Physics

COUFIDENTIAL PROFESSIONAL REFERENCE FORM=
Michael S. Terpilak, Chairman
Please return promptly to: American Board of Health Physics
HEW, PHS, FDA, BRH (HFX-%60)
12720 Twinbrook Parkway
Rockville, Maryland 20857

Applicane's haume: Application Na.
L. Hiow long have you known the applicant? years.
2. What has been the nature of you associatioa?

a. Do you kaow him personally? Yes No

b. Are you in a position to evaluate ais techaical c. abilities?
Yes Ne

3s Descride briefly your impression of the work the ap: .iczat does.

a. 1s the work primarily technical in scope? Yes No

b. How and by whom are his decisions used?

¢. What type of problems does he have to face?

d. What are his responsibilities in case of emergencies?

e. How much supervision does he have and exercise?

<. How well do you think the applicant does the work assigned to him?

1

“hote if you wish to make additional comments, pl2ase include them on a
gseparate sheet.
(?lease return in duplicate) {over)



» 19 What specific and notewortay accomplishments, if any, has he made in
the radiation protection field?

6. vhat limitations, if any, does the applicant have which might adversely
influence his capacity to practice health physics on a responsible pro-
fessional level?

a. How well does he work with others?

b. How effectively does (or would) he perform as 2 consulta=z?

7. What is your estimation of:

a. His honesty?

b. His professicnal ethics?

8. Do you have iny reservations about recommending the applicant for car-

tification? Yes No (1f yes, please explain)
Printed Name: Title:
Signature Adress:
Date:




American Board Of Health Physics

CONFIDENTIAL PROFESSIONAL REFERENCE FORM*
Michael S. Terpiiak, Chairman
"lease return promptly to: American Board of Health Physics
HEW, PHS, FDA, BRH (HFX-460)
12720 Twinbrook Parkway
Rockville, Maryland 20857

Applicant’s hane: Application Mo,

i, How long have you kaown the applicant? years.

2. What has been the nature of your association?

& Do you kaow him personally? Yes No

b. Are you in a position to evaluate his technical cu abilities?
Yes No

3 Describe briefly your impression of the work the ap:liczat does.

a. 1s the work primarily technical in scope? Yes No

b. How and by whom are his decisions used?

Ce. What type of problems does he have to face?

d. Wnat are his responsibilities in case of emergencies?

e. How much supervision does he have and exercise?

4 How well do you think the applicant does the work assigned to him?

*llote [f you wish to make additional comments, please include them on a
separate shes2t.
(Please return in duplicate) (over)
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what specific and noteworthy accomplishments, if any, has he made in
the radiation protection field?

é, what lisitations, if any, does the applicant have which might adversely
influence his capacity to practice health physics on a responsible pro-
fessional level?

a. How well does he work with others?
b. How effectively does (or would) he perform *s 2 corniultan:?

7. What is your estimation of:

a. His honesty?
b. His profescional ethics?

8. Do you have any reservations about recommending the applicaat for car-
tification? Yes No (If yes, please explain)

Printed Name: Title:

Signature: Adress:

Date:




American Board Of Health Physics

CONFIDENTIAL PROFESSIONAL REFERENCE FORM*
Michael S. Terpilak, Chairman

Please return promptly to: American Board of Health Physics

HEW, PHS, FDA, BRH (HFX-460)
12720 Twinbrook Parkway
Rackville, Maryland 20857

Appligant’s Name: Application No.

l.
2.

3.

liow long have you known the applicant? years.

What has been the nature of your association?

a. Do you know him personally? Yes No

b. Are you in a position to evaluate his technical cu-adbilities?
Yes No

Descride briefly your impression of the work the ap: .iccat does.

a. Is the work primarily technical in scope? Yes No

b. How and by whom are his decisions used?

Cs What type of problems does he have to face?

d. What are his responsibilities in case of emergencies?

e. How much supervision does he have and exercise?

How well do you think the applicant does the work assigned to him?

#'ate: If you wish to make additioral comments, please include them on a3

separate sheet.

(Please retucrn in duplicate) {over)



5.

what specific and noteworthy accomplishments, if any, has he made in
the radiatioa protection field?

6. what limitacions, if any, does the applicant have which might adversely
influence his capacity to practice health physics on a responsible pro=
fessional level?

a. How well does he work with others?
b. How effectively does (or would) he perform as 2 consultan:?

7. What is your estimation of:

a. His honesty?
b. His professional ethics?

8. Do you have any reservations about recommending thc applicant for car-
tification? Yes No (If yes, please explain)

Printed Name: Title:

Signature: Adress:

Date:

i~
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American Board Of Health Physics

CONFIDENTIAL PROFESSIONAL REFERENCE FORM¥
) Michael S. Terpilak, Chairman
Please return promptly to! American Beard of Health Physics
HEW, PH3, FDA, BRH (HFX-460)
12720 Twinbtook Parkway

‘ Rockville, Maryland 20857
Applicant’s hame: Applicatinn No.

I How long have you known the applicart? years.

2. What has been the nature of your associatioa?

8. do you kaow him personally? Yes No

b. Are you in a position to evaluate his techaical cu abilities?
Yes No

3. Describe briefly your impression of the work the ap: .iczcat does.

%o Is the work primarily technical in scope? Yes No

b. How and by whom are his decisions used?

€ What type of probler- does i\ . ave to face?

d. What are his respunsivilities in case of emergencies?

———— e~

e. How much supervision does he have and exercise?

4., How well do you think the applicanit does the work assigned to him?

¥
.

iote: If you wish to make additional comments, plaase include them on a3
separate sheetl.

(Please return in duplicats) (over)

)
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. 1 wWhat specific and noteworthy accomplishments, if any, has he made in
the radiation protection f{ield?

6. what limitacions, if any, does the applicant have which might adversely
influence his capacity to practice health physics on a responsible pro-
fessional level?

& How well does he work with others?

5. How effectively does (or would) he perform as 2 consultan:z?

7. Wwhat is your estimation of:

a. His honesty? ’

b. His professional ethics?

8. Do you have any reservations about recommending the applicant for cor-

tification? Yes No (If ves, please explain)
Printed “ame: Title:
Signature: Adress:
Date: ~
¥
= 8
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American Board Of Healtk Physics

CONFIDENTIAL PROFESSIONAL REFERENCE FORM=
Michael S. Terpilak, Chairman
Please return promptly to: American Board of Health Physics
HEW, PHS, FDA, BRH (HFX=460)
12720 Twinbrook Parkway
Rockville, Maryland 20857

Applicant’s NLame: Application No.

—

% liow long have you known the applicaat? years.
B ¥ P Pl C—

- 8 What has been tha nature of your association?

a. Do you kacw him personally? Yes No

b. Are you in a position to evaluate his tecinical cu abilities?
Yes No

3. Descride briefly your impression of the work the ap: .icznt does.

a. 1s the work primarily technical in scope? Yes No

b. How and "y vhom are his decisious used?

Ce What type of problems does he have to face?

d. what are his responsibilities in case of emergencies?

2. How much supervision does he have and exercise?

. How well do you think the applicant does the work assigned to him

#note: If you wish to make additional commeats, please include them on a
separate sheet.

(Please return in duplicate) {over)
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What specific and noteworthy accomplishments, if any, has he made in
the radiation protection f{ield?

6. what lisitations, if any, does the applicant have which might adversely
influence his capacity to practice health physics on a responsible pro-
fessional level?

a. How well does he work with others?
b. How effectively does (or would) he perform as 2 corsultsn:?

7. Whati is your estimation of:

a. His honesty?
b. His professional ethics? F

8. Do you have any reservations about recommending the applicant for car-
tification? VYes No (1f yes, please explain)

Printed Name: Title:

Signature: Adress:

Date:
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The remainder of this atttachment forthcoming at a later date.
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02.

03.

0&0

AMERICAN BOARD OF HEALTH PHYSICS

LASSIFTICATION SCHES:

F!.N'“ \. mnll ALS

Cl. Sources

02, Units

03. Atom’. Structure

04. Decay

05. Interaction of Radiation
with Matter

06. Radiobiology

MEASUREMENT

0l. Personnel Desimetry

02. Bioassay and Whole Body
Counting

03, Iastruments

04, Calibration

05. Measuremant of Radiation

06, Statistics

07. Radiochemistry and Sample
Preparation

08. Dose Estimates

OPERATIONAL HEALTH PHYSICS

01, Laboratory Desizn

02. Shielding and Equipment
Desizn

03. Contamination Control

04, Surveys and Inspection

05, Waste Processing

06. Emergency Response

07. Criticality Controls

08. Accelerator Safety

09. Reactor Health Physics

10. Environmental Surveillance

11. Waste Disposal

12. Hazards Analysis

13. Medica. Health Physics

HEALTH PHYSICS ADMINISTRATION

0l. Srandards, Guides and
Regulacioas

02. Medico-~legal Aspects

03. Data Evaluation

04, Emergency Planning

05, Public Relacions

06. Procedures

Total Items

No. of ABHP
Bank Items

24
14

-
L R e o I

o
R | SR B o

35



ITEM CLASSIFICATION SCHEME

No. of Items

In Process No. of Reviewed
Ready for Items ready
Qutside Reviewer for Cardinz
0l. FUNDAMENTALS
0l. Sources 2 5
02. Uaits 2 4
03. Atomic Structure 5 2
Q4. Decay 3 S
05. Interaction of Radiation
with Matter 10
06. Radiobiology 2 1
02. MEASUREMENT
0l. Personnel Dosimetry 3
02. Bioassay and Whole Body
Counting 1
03. Instruments 3
04. Calibration 1 1
05. Measurement of Radiation 7
06. Statistics 1 1
07. Radiochemistry and Sample
Preparation 1
08. Dose Estimates 1
03. OPERATIONAL HEALTH PHYSICS
01, Laboratory Design 2
02. Shielding and Equipment
Design 2 6
03. Contamination Control -
04, Surveys and Inspection
05. Waste Processing
06. Emergency Response e
07. Criticality Controls & 4
08. Accelerator Safety
09. Reactor Health Physics 1
10. Environmental Surveillance 1
11. Waste Disposal
12. HRazards Analysis
13. Medical Health Physics
O4., HEALTH PHYSICS ADMINISTRATIO
0l. Standards, Guides and
Regulations 3 5
02. Medico-iegal Aspects 1
03. Data Evaluation 1
04. Emergency Planning
05. Public Relations
06. Procedures
25 55
Total 20
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American Board Of Health Physics

Addendum to Examination Preparation Guide for
Power Reactor Specialty Examination

Candidates taking the examination for Power Reactor Specialty Certification
take the same Part I examination as candidates for the comprehensive
certification,

Candidates taking the examination for Power Reactor Specialty Certification
take a special Part II e-amination., The Power Reactor, Part II, examination
is made up of two sections, In section l, there are ten questions which
require short answers., These questions may be mult’ple choice, or fill-in
questions or may require one or two sentence answers, The questions are
worth two points each, and are designed to require about six minutes each to
read and answer, Candidates must answer all ten questions. In section 2,
there will be seven essay/calculation problems similar to those on Part II
of the comprehensive examination, but specific to power reactor health
physics. The questions are worth ten points each and are designed to
require about 30 minutes each to read and answer.

Candidates must answer five of the seven questions., Subjects which may be
covered in Part II of the Power Reactor specialty examination are:

Tachnical sdministration Air Sampling

Professional Judgement Protective Clothing and Equipment
Design Review Respiratory Protection

Plant Systems Instrument Selection, Operation
ALARA and Calibration (includes survey,
Radiocactive Material Control effluent monitors and counting
Radwaste Management room instruments)

Emergency Planning Decontamination

Procedures Personnel Dcsimetry

Trainiag Bicassay and Uptake Analysis
Regulations and Standards In=-plant Dose Assessment
Medical-Legal Aspects Environmental

Guides and Limits Off-site Dose Projection
Shielding Transportation

Radiation Measurement Currentl Topics

Contamination Control

Grading criteria for the Power Reactor Specialty examinatir + the same
as those for the comprehensive examination,



Addendum to Examination Preparation Guide

The subject content of Part 1 of the examination is changed to eliminate
questions in specific areas of expertise. The gcal is to have Part .

of the examination cover the more fundamental knowledge that all
professional health physicists are expected to know, Therefore, in
Section 4 (page 4) of the Guide, the following topics should be

d-leted from Category 3, Operational Health Physics:

h. Accelerator safety
i. Reactor health physics
m. Medical health physics
Inquiries for further information should be directed to:
Mr, Michael Terpilak
American Board of Health Physics
HEW, PHS, FDA, BRH (HFX-460)

12720 Twinbrook Parkway
Rockville, MD 20857

Telephone: (301) 443-3426

LY
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Section 7
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Section 1

Message to Candidates

This guide will help you prepare for the ABHP certification
examination. However, use of the Guide by itself will not be adequate
preparation for the exam. Successful candidates usually start their pre-
paration months before the test. Preparation should include a careful
review of health physics fundamentals and then review of applied aspects
of health physics in several of the specialty areas., The suggested study
references in Section 7 will help guide you to some of the pertinent infor-
mation. Joining either a formal or informal study group (particularly those
that continue over a period of months) can assist you by forcing a systematic
review of various topics and by exposing you to the knowledge of people
expert in subjects which you are not familiar with.

The Board warns against approaching the exam in a casual
fashion. We find that most unsuccessful candidates did not prepare ade-
quately. In contrast, the successful candidates have usually planned and
followed a comprehensive study program,

. Because candidates credentials are reviewed carefully, the
Board feels that all applicants declared eligible toc take the examination
have a good probability of passing. You can avoid the disappointment of

poor performance by recognizing from the start thet the exam will be a
rigorous test of your professicnal knowledge. Your grade will represent,
for the most part, the thoroughness of your preparation.

Now that you know the key to good performance or. the exami-
nation, the Board wishes you success in achieving certification.
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Part II questions and prcblems are designed to test jucgment,

the ability to analyze and organize complex problems, and the use of practical
skills at a high professicnal level.

Censtants neeced for the solution of numerical problems are
provided. Logarithm and exponential tables are alsoc made available to
examinees. Standard slide rules and non-programable calculators may be
used during the exam, but so-called "health physics" slide rules are not
permitted.

Part II of the exam is made up of new questions @ach year, so
copies of old exams are available. (Copies of the six most recent exams
are included in Section 5 of this Guide.)

Further information about the certification program may be

nbtained from the chairman of the American Board of Health Physics., Please
write to:

Mr. Bryce L. Rich
Allied Chemical Corp.

550 2nd Street
Idaho Falls, Idaho 83401



Section 2
Content of the Examination

The examination has two parts.

Part I is made up of 150 multiple choice questions, divided
into three general categories: Fundamentals, measurements, and opera-
tional health physics. (A more detailed breakdown by subject matter is
given in Section 3 of this Guide.) Each question has five answers, and
each of the answers |s a plausible answer., Selecting the proper answer
requires thorough knowlcdge of the subject matter, For example, {n
questions that require calculations, answers other than the correct one
are obtained by making some of the common calculational errors, Three
hours are allowed to answer Part [ (given in the morning of the examina-
tion day). Not all of the questions in Part I are replaced each year., As
a consequence, this part of the examination is held in strict confidence
and copies of past exams are not distributed. Section 4 of this Guide
gives some typical Part [ questions.

Part II {s an essay type exam which is made up of sixteen
questions. The candidate may select any seven of the questions to answer,
and has four hours in which to complete Part II (given in the afternocon of the
examination day). Part II cortains four general questions which cover topics
such as dosimetry, shielding, emergency response, instrumentation, effluent
monitoring, waste disposal, air sampling, meteorology, radiation biology,
standards and regulations, and topical subjects., The exam also includes
two questions on the health physics aspects of each of the following specialty

areas:
Accelerators
Environmental
Fuel Cycle (mining, milling, fuel fabrication and fuel reporcessing)
Medical
Power Reactors
University
Under each specialty area, one of the two gquestions is specific
to the specialty arsa to allow the specialist to demonstrate his experience
and ability:; while the other question is kept more general so a person without

detailed experience in that specialty, but who has stucdied in the specialty,
should be able to answer it.
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Data Evaluation
Emergency Planning
Public Relations
Procedures
Non-ionizing Radiation

LN’
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Section 3
Part [ - Topics Covered

Part [ of the exam is broken down into three general categcories,
The number of questions in each category and the subjects covered {n each
category are:

' 1 Fundamentals - 50 questions

Interaction of Radiation with Matter
. Radiobiology

a. Sources

b. Units

- Atomic Structure
d. Decay

e.

f

2. Measurements - 30 questions

Radiochemistry and Sample Preparation
Dose Estimates

a. Perscnnel Dosimetry

b. Bio-assay and Whole Body Counting
. Instruments

a, Calibration

e. Measurement of Radiation

- F Statistics

g

h.

3. Operational Health Physics - 70 questions

Laboratory Cesign

Shielding and Equipment Design
Contamination Contrel

Surveys and Inspection

Waste Processing

Emergency Response

Criticality Controls

Accelerator Safety

Reactor Health Physics
Environmental Surveillance
‘Waste Disposal

Hazards Analysis

Medical Health Physics
Standards, Guides and Regulations
Mecical-Legal Aspects

OB Y™ A" Ira-ooo0uoce



Which one of the fcllow’'ng statements concern‘ag radiocactive
decay is correct?

. g Secular equilibrium exists when the decay constant of
the daughter is slightly greater than that of the parent.

2. In secular equilibrium the activity of the daughter is
inversely proportional to that of the parent.

- In transient equilibrium the activity of the dz .ghter is
less than that of the parent,

4. Equilibrium exists if the half-life of the daughter is
shorter than that of the parent,

9 Transient equilibriuin exists if the half-life of the parent
is very much longer than that of the daughter.

In tissue, fast neutrons lose from 80% to 95% of their energy
in interactions with:

3 Sodium
2. Nitrogen
3. Oxygen
4. Hydrogen
- Carbon

An investigator has received some Zirconium=35 (T, = 65 days)
for use in a long-term study. He finds the Zirconium to be
contaminated with Cobalt-60 (Ty = 5.24 years) such that the
ratio of pCi 89Co/uCt 952r 1s 7.012. After the initial assay,
the activities of the two emitters will become equal ir:

K 280 days
- 290 days
3. 340 days
4, 360 days
- P 430 days

The International Commission on Radiation Units and Measure~
ments has considered it necessary in radiation protection to
provide a factcr that denotes the modification of the effective-
ness of a given absorbed dose by linear energy transfer., This
factor is:

Dose eguivalent

Relative distribution function
Qualit factor

Relative bioclogical effectiveness
Distribution facter

[V S PR S N
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Fundamentals
1.

Section 4

Part I - Typical Questions

The Roentgen {s equal to:

W B WD
L I

1.0 Coulomb/kg.

1.00 x 10=3 Coulomb/kg.
5.28 x 10~ Coulomb/kg.
2.58 x 104 Coulomb/kg.
5.28 x 10™% Coulomb/kg.

The term solubility or transportability, when applied to the
metabolism or radicnuclides, refers to the:

1.

Metabolic breakdown of a radionuclide - containing
compound which allows its incorporation into body
tissues.

Solubilizatior of a radionuclide - containing compound
by means of hydration, ion exchange, or esterification
reactions.

Translocative dissimilation of a radionuclide - contain-
ing compounc by means of biological-chemical action
such as enzymatic attachment and catabolism,

Property of a radionuclide - containing compound which
results in its transfer across body membranes.
Translocation of a radionuclide - containing compounc
from one point to another under conditions of physio=-
logical dysfunction,

The collection ~f ions produced as a result of X or gammea ray
interactions in a given small volume of air under electronic
equilibrium conditions is a measure of the:

[ S PSR S
- it T

Dose equivalent
Linear energy transfer
Absorbed dose
Specific ionization
Exposure



Operational Health Physics
: ¢ The half-valuz thickness for 1| MeV photons in lead approxi-

mates 1 cm. A 100- millicurie essentially massless scurce

of Z2inc-65 (gamma-ray energy = 1.12 MeV) produces a dose
rate of 30 milliroentgens/hour at 1 meter without shielding.

What would the dose rate be at about 10 cm from this source
with the addition of a S-cm thick lead shield if the build-up
factor is 2.17

1. 0.02 millircentgen ’hour

s 0.9 miiliroentgen/hour

3. 2 millircentgens/hour

4, 20 milliroentgens/hour

S. 200 millircentgens/hour

2. In routine environmental surveillance, certain samples are
collected and analyzed for specific reasons. In this regard,
which one of the following statements is incorrect?

l. Foodstuffs are analyzed bec: ise they are generally the
main route of radionuclide intake by the general popu-
lation,

2. Air and water are analyzed because they are always the
most sensitive indicators of environmental releases.

s Muds are analyzed because they are coften good indicators
of the histery of radionuclide wastes in an aquatic envir-
onment.

4. Aquatic organisms are analyzed because they concentrate
certain radionuclides and aid in the assessment of radio-
nuclide contamination.

- Milk and milk products are analyzed because these are
generally the major avenue of intake of Strontium-30,
particularly ameng younger population groups.

3. The method most commonly used today for removing noble gases
from effluent waste streams from nuclear reactors and chemical
processing plants is:

" Cryogenic distillation
Chelation with EDTA
Adsorption on activated carbon
Countercurrent ion exchange
Absorption in freon
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Which one of the following solid-state materials has the most
constant response per roentgen over the energy range of 0.01

to 1 MeV when used as a dosimeter without special shields to
correct for energ’ dependence?

Calcium Sulfate

Calcium Fluoride (CaF; : Mn)
L..hium Drifted Germanium
wow-Z Glass Rods

Lithium Flucride (TLD=-1707)

W B WP e
s = ® o o

The response time of an ionization chamber-type survey meter
used to measure an X-ray beam is not influenced by the:

Inertia of the meter movement
Range selector resistance

" Circuit capacitance

. RC time constant

o Incident X-ray phowon energy

(¥ S PV SN R
- »

In a satisfactory 'air-walled' ionization chamber the ioniza-
tion per cubic centimeter would be:

Inversely proporticnal to the density of the gas in the
chamber,

2. lLiiversely proportional to the gamms ray energy absorbed
per cubic centiineter of wall material.

- Directly proportional to the stopping power of the walls
for electrons.

4. Independent of the density of the gas in the chamber,

5. Independent of the volume of the chamber.

Unless some type of {nternal or external quenching {s used,
a geiger detector will retrigger because of the:

' O Breakdown of the detector gag caused by interaction with
the negative ion sheath.

3 Bremsstrahlung produced by the negative ion sheath during
the avalanche.

Ty Decrease in the density of the positive ion sheath caused
by recombination of the ion pairs.

4. Electrons releasec while the positive ion sheath is being
neutralized at the outer cathcde wall.

- Extraneous noise produced by the high-voitage cower supply

in the circuit.

LA
P
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4. The medical radiation exposure of a patient cannot e reduced

by using:

1, High KVP techniques

. Short time. high MA techniques

3, A 3-mm aluminum filter placed in the X-ray beam
4. A high speed intensifying screen

S. A larger target to film distance

- Photoneutron sources are generally made by surrounding a
gamma-ray emitting nuclide with:

W B WP
- -

Tantalum
Carbon
Berylliuin
Aluminu'n
Iron

6. According to 10CFR20, personnel monitoring is required when
an individual:

1'

2.

Enters an area such th>* he is lilzely to receive 1,25 rems
to the whole body in a . iarter.

Performs an oneration such that he may receive 18.75 rems
to his hand. in a quarter.

Under 18 vears of age may receive any amount of radiation
regardless of how litt.. the exposure may be.

Enters an area such that he i{s likely to receive an exposure
in excess of 10% of lega! exposure values.

Lnters an area such that he i{s likely to receive an

exosure in excess of 25% of i1egal exposure values.

7 A When air is sampled by being pulled through a filter paper, the
radicactivity at equilibrium on the filter paper due to naturally
~ .curring radon daughters {s:

Proportional to the flow rate of the sampler.

Dependent omay on the total veolume of air sampled.
Dependent on the pericd of time re red for radiocactive
equilibrium on the filter paper :C be established,
Dependent on the volume of air sampled after radicactive
equilibrium on the filter paper has Seen est slished,
Independent of the flow rate of the sampler,

~10=- ‘50,1 » - ;j
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Answers

Fundamentals

Question #1
Question #2
Question #3
Question #4
Question #5
Question #6
Question #7

Measurements

Question #1
Qu astion #2
Question #3
Question #4

Operational Health Physics

Question #1
Question #2
Question #3
Quest.on #4
Question #.
Question #6
Question #7
Question #8

Questicn #9
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A technizian_ in & pharmaceuticsl company will zandle Q0 =Tt '3‘1, 10c0 =0t “"Au

and 25 =i "“X. 3She was employed at tne age of 13 and will work under conditions

such %hat she will be exposed to radiatisn from these sources {Or 2ne aJur per day,

five days per week, >ver an extanded perisd of time. Duriag tiae exposure periad ner
ody positisn is 50 cm from the radi .cc’*ve zaterials located in a .ao~ tary nood.

wWhat (s the minimum amount of lead shielding [or equivalent) you woul pres:r..e far

a8 tarrier at the front of the h220d? Manipulators will be provided so taat nand expasur

wizhin the Zarrier is not necessary. Assume sJurce strength malntained at levels given,

i.e. you may neglect decay of isotopes.

HVL in lead, cm

B/xCi-nr at 1 em

2.18

-

Juestisn 4

You are to survey s

vrd =i

new diagnsstic x-ray

tube unit and c¢all

{matar for

-~
-

ompliance

with NCRP recommendatisns f£ar tube housing and ¢2llimator leakage and for tatal

File

fitltracsion The tube unit is

:ve’veopulse Zenerator capable of speration

rated for and spersted trom a 150 XVp taree-pnase
from 0.1 mA tube cur

rent for fluorsscopy

2 10C0 mA for diaznastic radisgraphy. The generator is cannected %2 the tube
unit by 395 feer long aigh-voltage cables.

a) Describe the Lnatrumenta:i: and procedure you would use, includizng
Xx-ray equipment operatin :::rs, %9 determine the maxizmum tube
housing and collimatar leakage (mR in 1 hour at 1 meter from the
facal spot).

3) What, if any, is the effect of high-voltage cables o Sube housing
leakage measurexments?

2) Hew does half-value layer and the corresponding total filtrstion
determinatisn vary with tube curreat and nigh voltage catle leag::
at a constant kVp?

i) Wnat (s meant by the "narrow teaxz’, or "unigue” half-value layer and
ow can this determination te =made?

e) What is the ziaizum %wotal ?filitratisn reccmmecnded for & L5C XVp
3 az*~s:z: Xx-ray machine and what (s the raticnale “eaind tihis

4 aon

seconmern

et «

26¢

—
wu
i

™
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ABHP EXAMINATION 16 PART II

June 12, 1972

PART II - ANSWER ANY SEVEN

TOTAL TIME: 3 HOURS

Question #1

Yau are asked to measure absorbed dose from gamma radiation in various materials
under varisus conditions. For each case shown below list the quantities you need 2
Xnow 0 make the measurement to an accuracy of a few percent. 3Show also the formula
you would use to calculate the dose from the measuresment you nade.

a)

(8]

-

\

7You have a small air-filled, sir-equivalent wall ion chamber calibrated
{n roentgerns for 1 MeV gzamma rays.

You are asked %0 measure absaorbed dose (n water from 0.5 MeV gazma rays.
You have a smzall capsule of thermo-luminescent dosimeter (TLD) material.
The cepsule walls are tissue equivalent. The TLD i{s calibrated in roentgen
far 0.562 MeV zamma rays.

You are asked to measure absorbed dose in tissue from 0.662 MeV zamma rays.

Ysu have a small air-filled ion chamber with aluminum walls calidbrated in
roentgen for 250 kVp x-rays.

You are asked to measure absorbted dcse {n lead from OOCo gamma rays.

Suestion #2

s ———

-

In assessing the radiclogical environmental i{mpect of a power reactor located 2n a

fresh water lake, many possible pathways or modes 2f >ff-site numan expcsure must
te considered.

“a

\

List 10 such possidble pathways.

Assume a boilling water reactor with on
relaased =0 %he lake, and a gasecus e
30 ainute delay line for gases and o2
would y2u expect =0 ccntribute the =2

< "
radius?

e-through secondary ccoling wvate
t system equipped with a
cal absorters. Wnicn ratih

5 the populstions withi:

Discuss (oriefly) scme of tae information ysu snould have %0 do 8 more complete

S M 1 X 3 e v
evaluation 37 %ne relative imporvance 27 2ach patnway.
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Ixaminatisn 1€ - Part II -

Question #3

Ssme ¢

ritium water vapor was released in a laborn::ry. An air sarple was taken

using a freeze sut technique (100% freeze cut). Ten cubic feet of air were drswn
through & <rap, ;h collected acisture was diluted o5 SC ml, one ml of the dilution
was counted f2r °H bets using s liguid sciantillation counter.

Given:

(1) The instrument backgrsund is 12 ¢/m.

(2) The ecsunting efficlency is 31%.

(3) 3200 counts per minute were found in the 1 ml.
(4) 2.832 X 10* ce = £33,

(5) Principal intake by inhalatisn.

€) Bislogical ! 1f-1ife_is 10 days.

Breathing rate is 107 2¢/8 ars.

’O% 2f innaled °H assimilated by bady water.
Zffective absorbed energy is 0.0L Mel/dist“.eg-s.iﬁn.

Mass of critical srgan is 4.3 X 10° grams.

e L

O N0 (o
B

.
e

Determine the WCi/ece of tritium in air.

A technician, working for eignt hours in this atmcosphere, left for a
vacatior withsut submitting a urine sazple. Zstimate his dose in rems
based on the air sample data.

¢} If she technician submits a urine sample faor tritium analysis when he
returns from vacatisn 20 days after nis exposure, what concentratise
sf tritium would you expect t2 find in this urine sample?
Questisn #9
) =
X . l
A transient durst of 1 X 10 5 fissisns i an unshielded accumulation 2f flssile
material causes a total dose egquivalent of 25 rem at © feet.
a) Assuming & netron-to-gamma dose equivalent ratis 2f 3, wnat is the gazra
apbsorbed dsse?
b) Iaur eritic Li:j detectsr is a gamma response instrument with az alam

poiat of SO mR/hr. If the detector responds to 1/25C0 3f the sctual

zamma d2se rate 4.ring a short transient, what (s the maximum distance
sver wnich this de'ice will be effective in signalling an "'sui--.e‘,-”e
millisecond transient of 1 X 10°° fissizns? Neglect absarptisn 2y the alr,

Saauld o9 .iens shielding materials te present Setween the scurce 2{ the
L.rss and the detectar =3 result in astenuation by a factisr of tnjee,
z
woat will the maximum dlstance 2f (2) be reduced =2 f3r a L X 104 fissicn
Surst?
~ 7
’ v
L) Ul



ABHP Zxamination 15 - Part II w3e

Questizn #3

Assume you have been asked as a consultant t2 audit the radiaticn safety prograz
of one of the following nuclear fecilities. Prepare s check list of the items you
should consider, and discuss the ressons wvhy each is important.
tate your choice:
1. Nuclear Fuel Reprccessing FPlant
2. Radi_prnarmaceutical Manufacturing and Supply

3. Industrial Radiography Involving X-Rays and Isotopes

4. DPower Feactor Facility

uestion #£

-
.

An employee at & facility where you are the health paysicist has been involved in
an incident wherein ne s suspected of having innaled plutonium oxide (insoluble).

a) Compare the advantages and disadvantages of attempting =2 determine his
lung burden due %2 Pu-239 oy direct counting techniques.

®) Compare the advantages and disadvantages of using the 60 KeV photonfrom the
Am=24]l present to de-ermine the Pu-235 lung burden.

“

-
-

Compare the techniques of (a) and (b) with urine and fecal sampling.

Juestion fT

72y are asked %5 consult in the desizn and installaticn 2f a 15 MeV electiron accelarator
-5 be used for cancer tnerapy. Tne electron beam will strike a thlck Tungsten target

¥
{n the acceleratsr t2 praduce x-rays.

a) There is a choice 27 zaterial for collimatsrs and target shielding,
U-238 a7 Pb. Which would you recommend and why?
5) The scceleratar is %2 ze installed in a room which previsusly aoused
a8 C3=-c0 teletherapy uniz. The ™ nas 2 f% taick concrete walls azd
sne wacder dsar with & 1/4 in layer of - afZixed =2 tine inside surface.
- ~
! é

1 t ¢
Discuss wnat you would <9 equacy 27 the sccelerator

azd room shielding

- - B
.-

isider in evaluating the a

>

w]l8=



HP EXAMINATION #17 PART 1II

—

Jene 18, 1973

PART II - ANS.uR ANY SEVEN

TOTAL TIME: 3 HOURS

Question #1

Describe in detail the advantages and cisadvantages, energy dependence and
sensitivity of 2 of the following persomnel neutron dosimetry systems.

1. NTA film
2. ®pir-LiF T
3. Albedo

4., Fission Track

Question #2

The health physicist's evaluation of radiological exposures to man and his
environment from man-made sources is complicated by the existence of natural
sources.

Consider the following natural comtributors; QOK. cosmic radiation, uranium
series and thorium series, For each category below, briefly state how they
might affect a health physicist's measurements,

l. Air monitoring,

2. Sample counting,

3. In vivo counting,

4, Radiation background measurements,

5. Calibration of low-level instruments,

5. Materials for comstruction and shielding of low-level couniing
facilities,

7. Radischemical analvses including materials and equipment used.



ASHP Zxamination 15 - Part II

Question #10

A radiochemist is planning to analyze lunar samples by activation analysis. In

develsping nis analysis procedures he activates a number of |

o) What would be the dose rate at
"rules of

all assumptions. Use

¢) What precautisns would y2u reccamend for handlin

it is to be pulverized?
d) Ia workin
of L22ay Eis lait

\

(MPC)q for 223y Ls 2x10°

a) Based on the information provided,

at the time he initiated his work?

" "

4 el
how much S0 activity

nowns including ant
D Tede! L22~"\

-

thumb" Lf you wish.

ta the AEC (or State) Authori:ies?

o

hours. )

Zata for Antimony Sample

Sample Mass:

121
Isstopic Abundance of
121
Cross Sectisn for st (ay)
122,
Half-life of 8%
Principael Gamma Ray:
8 Particles
2, (MeV)
-
e ——
0.5
0.7
1 <
2.2
Irredisticn Tanditicns

Slapsed time tetween end of irradi

=ian and start of uwork:

Reaction:

would he have
1l foot from the unshielded sample? GStat
this saxple assuming

up the Sb sample he nas a spill which results .n:.ﬁha-at...
tial de/ ourden is determin ts be 4xl0°B{{.
ut i/ml,

If the

euYy

would this incident reguire regorting
(Assume a breathing rate of 10/ =l per
1 g antimon;
57.25%
& barns
2.8 days
0.564 MeV (T70% abundarnce)
1.97 MeV (70% abundance)
1.40 MeV (30% abundance)
m™4 3
Tissue _
Range =/cm°)
Q.2
0.3
£ days
S x 10%% 2 em-see
2 days ! = y
- j‘ ] C "
Ve e



ABHP Examination #17 -3 -

Questiocn #5 (Continued)

the various radicactive wastes resulting from the reprocessing of
irradiated fuel.

a) Briefly discuss in general terms the quantities and hazavds of
the gasecus, liquid and solid waste materials gemerated in the
teprocessing.

b) Describe the treatment and disposal methods appropriate to the
various radicactive wastes identified above.

¢) ldentify the radionuclides which will continue to represent 1
hazard over the first several hundred years, and those which
represent the hazard over thousands to millions of years;
describe some of the proposed solutioms to the problem of
"ultimate disposal” of these materials.

Question #6

A release of airborme, particulate, alpha-emitting activity has occurTed
in a large room in which there are glove box operaticns with various heavy
metai alpha emitters. The release was detected by an alpha air memitor
which alarmed. The four men who were in the room lef: followirg the
alarm. You were notified within a few minutes and reported immediately

to the scene and find that the exact source of the release i{s unknown,

the four men are contaminated and none was wearing respiratory protection.

You are the lead health physicist, have adequate staff assistance, and
your facility has a medical staff, in vivo gacma/x-ray counter, bicassay
lab and radioanalytical labs.

List, in a rough chronological order, the acticns you would take, the
recommendations you would make and the reascn for each.

Question #7

Radiation effects are influenced by the density of energy depesiticn of the
impinging radiation. Some radiation delivers energy to a relatively large
volume of the cell (e.3., zamma rays) and has a low relative biological

’

effectiveness (RBE). COther radiation delivers energy to a highly localize
part of the cell (e.g., alpha particles) and has & high RBE. Several clos
spaced ionization events are referred to as an "ion cluster.”

-
-

Tumor cells having critical structures with L0 ' c¢m diameter ars Deing
irradiated. Assume that one ion cluster nas an energy density of lCO eV/iom
cluster and that one ion cluster will destroy or inmactivate cne cell.



ABHP Examination 47 - Part II -2 -

Question #3

asK: i{s continuously released from operating nuclear reactors to the
environment.

(1) Briefly descride how you could menitor for sskz in the stack effluent
when (t i{s masked by other short-life nodle gases.

85
36

0.98

(2) Briefly describe how you could monitor the eavironment near a reactor
boundary for 85k,

(3) Would you expect any significant uptake of SSKx by biota? Why?

(4) Describe how you would calculate a maximum estimated radiation dose-rate
(skin and wholesbody) to nearby residents (e.g., a few miles away) based
on the measured release rate at the point of release.

Question #4

NBS Handbook 37 lists neutron attenuation coefficients for various shield
materials. In particular, for 4 MeV neutrons, the attenuation coefficient
for iron is 0.3l cm"! while the attenuation coefficient for ordinary concrete
is 0.157 em~1,

a) Ignoring cost factors, why is iron alone not satisfactory for neutran
shielding?

b) Design a combined iron and concrete shield for a & MeV neutron source
emitzing 5 x 1020 neutronms per second i{sotropicslly such that the
fast neutron flux cutside the shield at 2 £t from the source is less
than 5 neutrons-ca~l-sec-l,

c) What would be the flux density if only 2 £t of concrete were used for
shielding.

Cuesticn #%5

One of the important health physics problems arising from the generation of
electrical energy by the use of nuclear reactors is the safe disposal of



ABHP Examination #17 -

Question # (Continued)

wn

Attended Parking Lot

Attended (s:

s"
Elevator \;o' X-ray tube
\ Ifccal spot 10' —,b@ 4'
Comider _ .. . .. .
100 Radioclogists
" 10’ {fice
uva:on@/ : \ ‘
7
ntrol
C }// k. 3
(3 Technologists & '
lounge Walting
Room
Tasis 5= 3hielding requiremenis for radiogrenhiz installations
FUT s oA mis/vesk 5
| Distascs ia Teet (ram Sourze C-Ray Tube Target)
| @ Ocoupeed Area
WYy | 15 kVp ! 150 kVp :
1
Loo | w0 | w0 s|7/w0no/sfel ||
% | 20 w0 | (8| 7|10 %|20;30 |
® | ; 0 | | | 8] 711014 |20!28 40
2 | x| s [ 1 | 8 7/10/14/ 2028 4«
R | | L8] 70|z
Trpe of Araa ! Matarial : Prer .. relestive Jarrier Thicioess
Controlled Lesd, mm* 1.9 1.68 1.411.2 1.0 '0.75%0.5 | 0.3 0 | 3
Noacontroiled Lesd, mm®  2.85:2.¢ | 2.21.951.7 1.5 1.2 1.0/ 0.3/ 0.5
Controlled Conerete, in® 5.9 8.2 | 4.64.0 3.3 2.7 2.1 | 1.8 1.0( 0.4
Neoncontrolled| Conerete, in* 8.0 7.3 ! 6.76.0 3.4 4.8 4.1 3.5 2.9 2.2
} | Secoadary Protective Sarrer Thchioen
Controiled Lead, mm® 0.350.4 0201/ 0:0/0'a!0 o
Noacontrolled Lead, mm® 3.2 1.0 0.89.6 0.450.2531 0.1} O 0 b]
Ceatrvileg Concrete, in* 1.91.4 /1 0.80.3' 0, 06/ 0! 019010
Neoacoatroiled! Conerete, in* 3.3 3.2 2.82.1 1.5 1.0 0.4 0 o' 0

* Wemwarkicad 0 mA min, week, U—se

factor, T=-accupaney factor.

* See Tadie 28 for sonvermon of taickness in muilimeters o incaes or to yurface

dersity.

* Thickoess Dased an concrote density of 2.35 g/em? (147 (b/fi),

ra
L

D

%@%
S
S



ABHP Examination #17 - Part II -4 -

Question #7 (Continued)

a) Which of three radiations having linear energy transfer's (LZT'ae)
of 10 keV/u, 100 keV/w and 500 keV/u would you expect to De the
most efficient for tumor destruction where the tumor is given the
same total dose for each of the three radiations? Why?

(la = 107 ea) .

b) 1f the tumor were irvadiated using the most effective radiationm,
with 1000 rads, how much would the average temperature increase
in each cell? (4.18 x 107 ergs/cal; assume tumor tissue = water),

¢) Many tumors are poorly vascularized particularly near the center,
and heuce ar2 far from oxygeu-saturaticn. Discuss the "oxygen-
effect"” for low LET radiatious.

Question 43
126

The liquid contents of a beaker containing 10 millicuries of I
accidentally boils to drymess in a laboratory measuring 4 meters x & meters
x 3 meters high. A person working in the room breatres the vapcr for 130
minutes before discovering the accident. Assuming a breathing rate of
1.250° per hour, and the fraction of the inhaled iodine reaching the
critical organ was 0.23:

1) Calculate the maximum uptake by the critical organm
2) Calculate the maximum dose commitment to the critical organ (rems)

Whole body weight = 70 kg

Thyroid weight = 20 g

T, = 13.3 days Ty = 138 days
(RBE)n = 0.16 MeV

}) Why does this probably represent a maximum dose estimate?

4) WwWould you expect this dose to produce any observable biological
effects? Why?

gues:ion #9

Shown below is the pian view of a proposed 125 kVp radiographic x-ray
installation to be used for general radiography. The useful Deam can strike
all barriers except A - 3, For a workload of 400 mA-min/week, specify the
lead thickness tequired at 5 of the 7 points. State all assumptions omn
which your calculations are Dased.

See the following page t.~ tabular data.
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AZHP EXAMINATION 218 PART I!I

July 8, 1974

PART II - ANSHER ANY SEVEN
TOTAL TIME: 3 HOURS

Questinn #1]

e

A salvent vapor axplosicn has taken nlace in a source ancapsulaticn facility
at the U. S. Radicnics Cecmpany site. The most racent isotope irventory for
the facility indicates a total content of 10 g of 23°Cf as the axide.
Continuous air monitors with audible 1larms indicate siynificant Imcunts

of alpha activity. Three of the facility cccupants have avécuated to 3
pre-assigned nold-point just cutside the facility entrance. As director

of the health physics emergency resgonse term discuss the fallcwin

. Your pricrities in the initial response.

. The staps you would take for proper total respcnse.
. Personnel protection for team members.

. Menitoring and surveillancs for cleanup operations.

- N -

Data on 232Cf:
a) Specif’: neutron dose rate: 2.4 x 103 rem/hr.gm. at 1 m.

b) Specific garma dose rate: 1.4 x 102 rau/hr.gm. at 1 m
¢) Specific activity (alpha): 5.37 x 102 Ci/gm
d) HPCa (40-hr week): 3 x 10-11 .Ci/c¢md

Cuestion #2

An employee working in a gldve box ccntaining 23%PuQ,; discovers that he
has a heavily contamiiated hand. It was cetzrmined that the conti ination

was the rasult of a ihole in one of the glove box gloves. It was astirmztad
from a recording air menitor (with a defective alarm) that the cmployes
was exposaed to an airborne 23°Pu0s concentration of 4 x 10-2 uCi/cc f2e cne

hour. From cascade impactor results the mass median aerodyramic zarticle
sfza (M1A0) was estimatad to be C.5 u.

8. Given the revisad lung mocel data on the attached rage ind
assuning unifarm energy depositicn in the lungs, caiculate
the total intagrated dose in rem to the puimenary r~2gfon of

the lungs.

b. Briefly discuss the current contro
gssumption of uniform snergy depesi

fanalaticon xposure of this type.



ABHP Examinaticn #17 - Part II -8 -

Question #10

A quantity of tritium was accidentally released. Bioassay data indicated
assimilation of tritium by exposed individuals.

a)

b)

c)

d)

An initial tritium activity measurement in urine “or one case was
3.4 x 1073 uCi/ml and S days later was 2.4 x 10" aCi/ml. Estimate
the retention half-period of tritium for this individual.

Identify one treatment that might be instituted to reduce the total
integrated dose.

One urize sample measured 23.4 c/m, including counter background,
compared to a background count vate of 19.1 c/m. If both rates were
determined by 100 minute count times, estimate whether or not the
observed count rates are statistically different.

Some of the accidentally released tritium is ultimately discharged
to the environment. Mechanisms which have been found to be
important in the reconcentration and redistribution of environ-
mental radicnuclides include bioconcentration and transpirationm.
State in one or two sentences the importance of these mechan! ms
in determining the envirommental behavior of tritium.

24~



ASHP Examinaticn #18 - Part II

roint Yalue

Question #3

10

Point Value

2

2
2
e

e

A rzdiation dosimeter is made from a cubical plastic scintillator
The light cutput is detected with a photomultiplier

(S cmon a side).

tube and the resulting current is measured with an electrometer.
dosimeter is calibrated with a 137Cs source with an activity of 4.5 nCi,
The electrometer reads 6.0 x 10-7 amperes (background subtractad) wien

the source is placed 1 meter from the center of the detector.

An lodine-125 scurce gives a reading of 2.3 x 10-% amperss at the

distance (background subtracted).

what is the expcsure rate at | meter from the [odine-125 source?

The

same

Neglact

the effact of scattered radiation or the inverse-square law distance
Assume the 2nergy flux density falls

variation through the detector.
of f in the crystal as e-'anX
on the crystal face.

Data

Mass encrgy absorption coefficient, cm?/g,
Sarma photins emitted per disintegration

Mass anergy absorpticn ccefficient, cml/g,

Qensity of air at 0°C, 760 mm
Qensity of crystal

Mean electron volts to produce 1

Charge on electron
Ion pairs/cc - 2pentgen
Coulomb/gram - Roentgen

Quastion #4

inn pair

Give the physiological effacts to

2XpOsSures:

a) 300 rad to the whcle-bedy

B) 25 rad to the whole-body

¢) 1000 rad to the hands from

d) 500 rad to the whole-body from fas

How would yocu modify your answer if

ver 2 zericd of 2ne year?

'
(]

~3

and the radiation is incident normally

137¢s 1251
0.36 “aVy 0.027 Me
for crystal 0.031 0.097
0.835 .07
for air 0.029 0.26
0.001293 g/cm3d
1.0 g/cm3
34
1.6 x 10712 Coulemb
2.08 x 10°
2.58 x 1077
ted from the follewing acute
rays;
jacma rays;
t neultrons
posures ware uniform.y spraad



DATA for PRCBLEM #2

6 x 102 grams

‘Mass of nulmonary region of the lungs =
239Pu tE(R7E)a = 53 MeV
1 May = 1.6 x 1070 args
3ireathing Rate = 20 liters/minute

239PuO2 is a Class Y ccmpound

ico y
0D CoveTaNTs 1of s winit TOLM Crearaxee Mooeet \ [ ! l i ’ !
- < | PULMCNIRY-20 U wiN
Coinpound class - ' ] |
. o ‘ | |
X-en | Pathway (D) oY) 9! § - \| , |L |
N-P (a) not 4/0.9 .01 /0.1 0.91 ¢/0.01 Yy ! \ I | I
(5) AD1 /0.5 0.24,0.9 0.4 ¢,0.99 s ¢ ;\ i ,
k | ’ l
T-3 @ | eotépas | aorwas | oorgoor 3 2 I\t !
() 0.2¢,0.08 02,05 0.2 ¢,0.99 s ’ \1‘ | | | ‘
a» & . ; e .
3 (€) 0.5¢/0.8 0015 | $204/008 S P YT |
0 - 14/0.4 14,04 2 os dod 2 L)
(2) — €0 ¢04 0004 3 AL [
&) 0.54/02 £9¢/008 | 040.8 g ozld L I\L |
i | ] ! T
L D) 0.5¢/1.0 £0¢/1.0 1£034/0.9 3 ml ? !\.{ i | 1
- L NI
— [T B T LIN | ]
3 L Sesa v te. | | |
!L te) — s ! r } oc2 i 1 i
H Tr - yamen ) -1 | ! {
o]~ | e (7o) el # | L T e LT
2 - tq) b o 1 C 0% 0V 9 39
) [ Bo—enary 1 q [ s
L2 } = teon S| ; PEACENT CEFCTITION
‘ 7 t - : - : P S
& Ner—m Tic. (4. The deposition est: s
——— eneai )] monary compariment wi
—_— moilsrate werk rate. D
*The drst value listed is the Sinlogical haiftlife: the sccond is the regional S cns are represented Dy ag mass ac by
‘raction. median aerodysamic Gismetess (0.01 w0 ~1C3).
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ASHP Examination #18 - Part II

Point Yalue

Question 25

10

Point Value

5

2-1/2

2-1/2

2cint Yalue

4

«Ja

Oifferentiate the merits of Nal(T1), Ge(Li), and Si(Li) for gamma
spectioscopy of envirormental samples from uncontralled areas.

uestion #6

As a health physicist in a fuel reprocessing plant, how would you

handle each cf the follewing?

a) You are required to 2nalyze the stack erfluent for radioiodine

in particulate, elamental,

arganic and other forms, Sriefly

describe how you would sample this effluent, analyze the
sample, and interpret the results.

b} You are asked to show that
kinetic. How would you do

your stack sample probe is izo-
it?

¢) List the factors which determine the rate at which 11quid waste
can be discharged to a ctream. List at le.st four of them.

Questicn #7

A cul ‘cal roem, 8 neters on a side,
at the centor emitting 10!5 n/zee.

S0 that the dose squivalent rate in
2.5 nirem/h. Ten-foot chick walls o
The roof will have two faet of cone

contains a 14 MeV neutron source
[t is desirad to shicld the rcom
adjicent rooms is less than

f ordinary concrete are planned.
rate.

a) Calculate the dose ~quivalent rate "coming through" the 1211,
end the percentage due to ga.ma radiation.

b) Discuss the adequa

cy of the
Juu foresee uny pro

s
Siems?

e) U

3 8

atien of this faci)

-~
-

State any assumptions yo.' make that

cverall shielding design. Do

itional ra2diaticn proslems ould be asscciated with

ity.

affect your answers, sind supgort

Jour discussion with caleu’ations where agpropriate.

Given: Figure (attached)

‘ .

;ierv 12 n/em?-s8¢ = 2.5 nram/h

' ] » -
neutron OE absorption coefs

neutrang | MBUETO oE abserption co

- -

- - st -t

\inciudes neutron Suildup)

o'

?)tiz’

28~

y
‘ ' 3 A -~ .- -
1Cient In ordirary cincrate s L=t B



AZHP Examination #18 - Part [I -5-

Question #9

A radiochemistry laboratory in a facility consists of a high Javel lab,
ing =~ in on lex,
201t Value a low level lab, and a counting ~com all in one complex
1 a. Discuss the design of the air supply and exhaust system for this
cemplex, [nclude such things as air flow gaths, flow rates,
filtration, air treatment, placesent of exhaust fens, etc.
Give reasons to justify 2ach of your design recommendations.

4 b. Discuss your recommendations for the drain system in this corplex,
Include such things as approgriateness of segrag.ted driins
racommended matarials of constiuction, routing, traps, etc.

Give reasons to justify each of your design reccmmendations.
(Assume the facility of which this lab complex is a part also
has a radwaste treatment ccmplex.)

2 ¢. 0Oiscuss your recommendations for floor and wall ceatings.

Question #10

Give an explinaticn of why the follgwing are examples of situaticns

R in which o S Y i%ctum (PBE itfans da ek
Badnt ¥alu n which charged particle equilibrium (CPE) conditions do not exist

3-1/3 a. an air-tissue doundary,
2-1/3 b. near a point scurce of radiation,
3-1/3 ¢. a 10 MeV photon heam in air incident upcn an air-cquivalant

dosimeter.

o]



Point Yalue
4

AGHP Examination #18 - Part [I -4-

Question #8

You are a health physicist at an accelerator facility and are asked to
participate in the design of shieldi ng required for a new experimental
beam. The information you are given is:

].

Accelerator - electron LINAC for industrial radiography
8eam energy - 25 HeV

Peak current - 1 2mp

Beam pulse width - 2 usec

Pulse repetition rate - 360 pulses/sec

The electron beam is to be tant 30° with a radius of
curvature of 10 cm.

Where would one expect to find significant radiation sources
within the machine? What types of radiation will you consider
under:

a) norma! oparating conditions,

b) a failure in scme portion of the beam transgort
systam at the bend?

Qualitatively, what would your shield design be at the bend
and why?

You are told that the continunus beam less in the bend will be
less than 0.1% and that the interlock systems will re]xs:I/ turn
off the beam within 2 pulses if any failure occurs in the Scam

transport system,

a) Would you consider the continuous beam loss ur the
failure situation to te the Timiting case for determining
shielding? State any assumptions and all consid:raticns.

b) Is it necessary to consider activaticn of machine rarts
when designing the shield? Why or why not?

1)51
-30-



ABHP Exam #19 -2~

Question #3

You have stt been hired as a health :hvsicxs’ by Acme Rad Services, Inc.,
which is plann1ng to install an 11 kCi 50Co source for industrial purseses.
The source pig is to be lccateu ‘n an existing room shown in Figure | below.
It has been previously determi-~~ that with the planned workloag cf

10 h/week, the exposure rates just cutside of walls A 2and S are 0.17 R/yr
and 5 R/yr, respectively, Wall D is a very thick concrete wall tecause

of an accelerator on the far side. Wall C is a thin waliboard wail %o De
rebuiit ¢f ordinary concrete.

Point Value

5 a) Using the data below and Figures 1 and 2, calculate the minimum shielding
for Wall C required to reduce the exposure rate on the far side to
S R/yr. Neglect any builg-up factors and consider cnly radiation
scattered at 90° from the object.

5 b) Comment on the entire installation from a health physics peint of view

Given:
Density of ordinary concrete: 2.35 g/cc

Ratio of 90° scattered radiation at | meter from radiographed cbject
to incident exposure: 10-°

For 60Co: “1.3 RHM per Curie.

Energy of scattered photen e/ = k
1 + (E/mge)(} - cos?)

nocz = rest mass energy equivalent of electron = Q.51 MeV

E = initial photon energy
Mass attenuation coefficients for ordinary concrete.(See Figure 2)

wall D
C0 e Sevacs
% o
- SaeTmd }
3 ' 5
; 'g i Wawt
A ‘1 ° |
~ 14 4 | =
s 7 ~ 1 STIAE Aco™
' ! L 1y N
; E}.’ :3:ﬂ‘." - v KNM‘Q‘.\.’ w NS LLWIIRD )
L tanwd T e
s~ L E.
- )
3 [! I
' W e 19 g
l < | LEAD | =]
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ABHP EXAMINATICN #19

July 14, 1975

Part Il - Answer 2ny seven

Total Time: 4 hours

Question #1

A serious accident has resulted in the dispersal of reactor-grade plutonium
dioxide on a busy interstate highway. You have survey instruments from
which you can estimate the average plutonium activity per unit area of
contaminated surface. As the health physicist cn the emergency resgonse
team, you are asked to establish an exclusicn zone to limit public access
during cleanup operations.

Point Value

5 a) Briefly discuss the health physics considerations which you would use
in establishing a maximum contamination level at the exclusicn zone
barricades immediately post-accident, and during cleanup.

5 b) What health physics considerations would bear on the establishment
of an acceptable residual contaminaticn level for long-term pudlic
access after e¢leanup?

Question #2

Maximum Permissible Concentraticns in air of many insoluble radicactive
isotopes as recommended by the ICRP, MCRP, and codified in 10 CFR Part 20
of the Coce of Federal Regulaticons, are based on the assumpticn that the
material is uniformly deposited in the lung, and tnat there 1is a uniform
distribution of energy per gram of lung tissue.

3 a) Is this a reascnable assumption with regard tc large numpers of Deta
and gamma emitting particles? «hy?
3 b) Is this 3 _reascnadle assumption with regard to algha emitting particulatas
such as 23%y? Why?
4 ¢) Would you expect the assumption of uniform cistribution of particulacas
and energy in the lung %0 result in an underestimate Or overestimate
of the risk of cancer from inhalation of <32Pu? Why?
/r,b

'

(%)

o

'

o .
: i»



ABHP Exam #19 -3-

Question £4

Two important reactions for thermal neutrons in tissue are 14y (n,p) 14C
and H (n,y)%H. Calculate:

Point Value

a) The absorbed dose and dose equivalent for each reaction in tissue per
6 unit thermal neutron fluence (nth/cmz).

- b) The maximum permissible thermal neutron flux density based on the
sum of these two reactions.

State any assumptions necessary in making calculaticns.
Given:

N, = 6.02 x 1022 atoms/g tissue
H

Nje = 0.11 x 1622 atoms/g tissue
N -

1 =

°th( H) = 0.33 barns EY 2.2 MeV
1“ = =

°th( N) ®.3 barns Ep 0.6 MeVv

1 rad = 1072 J/kg

1 MeV = 1.6 x 10732 J

Fraction of y energy absorbed in body = .28
1 barn = 10°2% cm?

tissue density = 1 g/cc

_ )
Point Value Question #5

10 You are hired as a Health Physics Consultant by a utility planning to
build a nuclear pcwer reactor. Discuss in general terms the Dasic glements
of the envircnmental surveillance pregram (including raticnale; for
radiation and radicactivity you would recsmmend.

- e
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DATA FOR QUESTICN #3
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ABHP Exam #1§ «5=

Question €9

A graduate student was working with 10 Ci of tritium gas in a hocd. As th2

result of a small explosion in the tritium gas container, the container was

ruptured and the front of the hood was blown cut. The consideradbly snaken,

but otherwise uninjured student, suspected that he night have received scme
tritium uptake. He coilected a urine sample approximately 15 minutes f

the incident and submitted it to the Radiatien Saret/ Officer (RSC). Th
requested that the student submit another urine sample in 2 hours. The
analysis of this secocnd urine sample indicatad a tritium concentration of
2 mCi/1.

7.“‘ ;
v i

Point Valie

a) In your judgment was the RSO correct in requesting the second urine
1 sample to evaluate the uptake? Wny?

3 b) Calculate the students integrated dose equivalent assuming an effective
elimination haif-1ife of 10 days.

4 ¢) What would the student's average daily liquid intake have tc be to
reduce the integratad dose equivalent to 2.5 rem.

2 d) If you were the RSO would you recommend to the student the increased
fluid intake necessary to reduce nis dose equivalent %0 2.5 rem.

Given: critical Organ for Tritium is Bcdy Water (43 litres)

QF for tritium = |

Energy of tritium beta: Emax. = 18 keV, Eave. = 5.6 keV
1eV=1.€6x 102 joules

1 rad = 10~2 J/kg

Questian £10

Unaversft/ research opaerations often utilize a variety of radiaticn scur

such as large fixed gamma sources, X-ray machines, nuclear reaciors,

accelerators, neutron sources, and unsealed radicisctope scurces.

these radiation sources must be installied and ysed so 25 to miaimi

radiation dose to individuals. Considering the tasic principles

personnel dose, cdiscuss wnich methed(s) you would emshasize in 2a
Point Yalue following cases. Explain your reascns in each case.

3-1/3 a) 50 mCi of 32P usec in a biochemical labeling experiment.
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Point Value

1
3

Point Value

2.5

2.5
2.5
2.5

Point Value

3

-
{

ABHP Exam #19 -4-

Question #6

It is recognized that !37Cs (T,

2
of fallout rad!oact1v1t/ lee‘ an initial backgroard exposure rat2 of
1.5 uR/hr from 37Cs in the soil:

a) Calculate its initial annual exposure rate ccrtribution.

b) Calculate the integrated 30-year exposure to eacn individual in the
population at risk, assuming no additicnal fallout.

¢} Compare the 30-year exposure value with the [.C.R.P. population
gonadal dose limit and briefly discuss its significance.

d) Disciss the other factors (in addition to external exposure) which
shoula de considered in evaluating the radiclogical significance of
137Cs fallout to the genera' population.

yestion #7

Radwaste handling and processing is an important part of a power reactor

health physics program.

a)

b)
c)

d)

In a power reactor, list three (3) sources of each of the following
types of radicactive waste.

1. Liquid was.e
2. Gaseous waste
3. Soiid waste

Briefly discuss at least three (3) methods for processing 1iquid waste.

= 30 y) comprises a significant fracticn

Briefly discuss at least three (3) methods for processing gaseous wastz.

Priefly discuss at least three (3) metheds for processing solid wast

Question 23

The radiation doses received during the annual outagjes at :cfef reactors
contribute significantly to the total perscnnel dese in these facilitie
Select either a PWR or SWR and discuss.

a)

b)

Which sutage jcbs are the major sources of exposure?

As ¢ he be,]oh Dr\jsip-’s‘. ~a~0 gna,-Ja' ic culim ’ ]
to reduce the exposure recaived on the jobs x's:e: in (a, a

e.

£\

r

Nels



Point Yalue

10

Point Value

10

ABHP Exam #13 -7-

Question #13

A patient is to be given a 200 mCi '3!! oral therapeutic dcse (as iocide)
for an inoperable thyroid metastasis. The thyrgoid has been surgically
removed during a previous nospitalization. Briefiy discuss the nealin
physics aspects of the cose administration and the “ollow.-g hospitalizaticon
of the patient.

Question #14

The plan below (Figure 3) shows a proposed 5%Co talstherany installation.
The useful beam can be directed only at the floor and at wall 8C.

a) Using the attached table, specify the concrete shielding required for
Point 2 and any three (3) of the others snown for a worklcaa, 4, of
120,000 R/week at cne meter. List and explain 3ll assumpticns used
fn arriving at the saielding specified.

() STREET

~ 8
Attended '
[e]
Elevator ®\7. l
AN i LAV
| P e e (€
Dressing ® 7 '
Room o lo'
e e N
? ! 20
\

Contreol
Corridor o) ﬁ; \\>C[




Point Value
2

8

ABHP Exam #13 -§-

Guestion #1]

Neutron radiaticn is often a major contributor to the radiation environment
around particle accelerators.

a) Li;t four (4) important processes by which neutrons interact with natter.

b) For each interacticn process listed in part (a), describe a neutron
detector based on that interaction process. Briefly discuss the
application of each detector 1n measuring neutrons arcund an accelerator.

Question #12

You are hired as a consultant by an industrial firm who proposes to use

an electron accelerator for the unique applicaticn of excavating rack.

Two alternative designs are pDroposed, one producing an energy of 2 MaV
with an average beaa current of 5 amps, the other using a beam energy

of 10 MeV with the sare average beam power. There is no gifference in tre
efficiency of either accelerator in excavation; they may be manufactured
at the same cost.

a) Which accelerator would you recommend be produced? Why?

b) Calculate the maximum radiaticn lzvel at the surface of the cround
when a 2 MeV, 10 M4 accelerator is cperating 2 metars underground.

Given:
The forward Bremsstrahlung intensity, I, produc d by an electron

beam impinging on a thick target is given by:

I (wat’.: em "2 per amp at 1 meter) = 5.0x10~2 T(7+0.51)2 1n (950 R/xo)
T = Elactren energy in MeV

(Rock may be assumed identical to aluminum in its atomic propertiss.)
R = range of 2 MeV electrens in Al = 0.95 gm cm =2

x, = radiation length of Al - 2.3 gm ¢m =2

-t
e

Assume 10% photons ¢m =2 sec z ] rem h=i,

1 MeV = 1.6 x 10°13 joulas

1 joule/sec = 1 watt

Attanuation coefficient of photons in rock = 0.15 em=!

Assume a buildup factor of 2.



Point Value
3-1/3

3-1/3
3=1/3

ABHP Exam #19 -8~

Question #185

In a fuel reprocessing plant, irradiated fuel is dissolved so that it is
chemically separated into three main streams:

a) uranium
b) plutonium
¢) fission products

Assume that maintenance work must be done on a pump in each of these streams.
Briefly discuss the nhealtn physics precauticns which must De taxen for the
work on each stream.

Question #16

One area of a fuel reprocessing plant is made up of the five rooms shown

on the attached sketen (Figure 4). You are being consulted oy the facility
engineer to assist him in properly designing the ventilation system.

He gives you the attached sketch and the following information:

a) The ventilation supply and exhaust for this area will service enly
the five rooms snown,

b) Each room will have its own supply and exhaust duct and any volume
of air can be supplied to and exhausted from any room. (The facility
engineer will design the pressure drop between areas sO the proper
air flow patterns will exist when dcors are opened.)

¢) It is felt that the Ni {11 agree to waive the Reg. Guide 3.12
requirement for roughing filters on the exhaust of each rocm if their
absence will permit a singie 2lpha constant air monitor 0 service
the entire area and detect 1 x MPC within 4 hours if it cccurs in any
one of the five rooms.

-1 :
d) Pu-239 is the limiting radicnuclice (YPCG for 23%, is 2 x 10 12 uCi/ec)

e) The dasign criteria states tnat esach of the five rocms must have at
least 5 air changes per nour.

f) Ceiling heignhts:
Crane and Zauisment Maintanance Area = 20°
Product Container Storage Area and the

Plutonium Loadout Ucerating Station = 14’
Air Lock and Corricor s 2

s J62 085



DATA FOR PROBLEM #14

Tasee 21=Codail-60 sAielding requirenenis for conirolled anu'a

wor B, 2/

Distance ia Feut Lom Source 1o Oecupiod Ares

vk Al | metar
120, 000 5|20l wl
60,000 §| 7|10}14|20j28/|40
30,000 8| rl10|14]20]28|10
15,000 §| 7110lite{20)28) 40
7,500 S| 7|10]18]20|28]«0
3,750 8| 7|1w]14{20}2s
1,878 | rlw0]14}2
950 s| 7|10]| 14
475 s| 7110
240 §{ 1
120 | 5
Adpren.
Type of : ¢
Proicare Thickaess of Concitle in loches
Bomir | VL e o
Coacrete Couu'n‘
¥ ] o P | ] 1 | R
Primary 2.48 | 8.15 '.-m;aa.siu.x:lu.r;::.::‘ss.sfla-t.:i:sx.9@‘:9 4;:7.0‘:4.5
| : i
|1 1
Secondary
lnthad ‘ ‘ ‘ i
0.1% 2.45 | 8.18 [24.6'22.1119.7117.314.8{12.4'3.50| 7.5} 8.0 2.6} 0.2
0.05% = | 2.45 | 8.18 |22.1:19.7117.314.5,12.4/ 9.9} 7.3‘ 5.0 2.6} 0.2{ 0
Scatter @ ' ' ‘ ‘ | }
30° 2.4 | 8.0 [32.720.3.77.9'23.5:73.1/20.7118.3}15.6113.811.1! 8.7
45* 2.35 | 7.8 [30.6!28.2:25.9/23.6:22.2118 . 8:16.5!14.2)11.8: 0.4{ 7.1
60 2.27 | 7.88 [27.8'25.523.2'21.018. 7118, 4/14.2111.9! 9.8| 7.4} 5.1
90 1.82 | 6.03 21.3n9.44747us.sn{.ouzv210.4ss.o;a.7t..9;3.1
120° 1.72 | 8.7 13.035.3g4.5u: s:x.1k9.4i7.7{s.o]4.:iz.sio.s
i 1
aFor & weekly desiga level of 170 mR; add one Lenth.value layer (TV'L) for

regions in the environs to reduce radistiion to I mil/week.

bV =workload in R/week at | m, U=use {actor, T—occcunaney (actor.

¢ Thickness based on concrete deasily of 233 g/em? (147 Ib/[u9).

d Refers to leaksze radiation (rom source Rousing when source in “ON" condi-
tion; may be ignecred if less tban 25 m/h st I m.

@For large Seld (20 em) and a source to skin distance of 40 to 60 em. This in-
eludes seattering from the collimator and from the pasatom (],

-40-
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DATA FOR QUESTION 16
FIGURE 4
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In checking various alpha constant air monitors, the one you have decided
to recommend uses 3 kinetic impactor system with a step advance tape.
This monitor has the following specifications:

a.
b.
c.

dl
‘.

Nominal flow rate = 20 cfm

Detecteor efficiency = 30%

The tape advance frequency is adjustable so that a 4 hour sample time
is possible.

Normal background on the monitor is 10 cpm.

The meter scale and time constant of the monitor are such that 20 com
above background is easily recognized as a positive reacing.

Calculate the minimum airflow which must be used for each of the five
rooms s¢ that you meet all the design criteria and can detect 1 x MPC
in any room within 4 hours by sampling the common exhaust header.
(Neglect the volume of air that is in any personnel coor opening.)

(1 cu. ft. = 28,300 cc)



ABHP EXAMINATION #20

ine 28, 197¢

Part I7 - Answer any saven

Total Time: 4 hours

Question #1

The transportation and disposal of radicactive waste have received
Poin%t V3luye considerable attention in recent years.

5 a) Discuss the environmenta! impact of accidents inveliving the trans-
portation of radicactive wasta. Include in the discussion the
relation of transportaticn regqulations to the environmental effects
of accidents.

wn

b) Discuss the environmental aspects of the presert disposal of
1) activation products and 2) transuranic wastes. Include in the
discussion packaging requirements and snvironmental considerations
of disposal site selecticn and cperation.

-

Questisn #2

Electron capture detectors for cas chromatograghs us: ..itium or 63Ni
foils in the cells. Release rates for each, at their normal cperating
temperatures, are 10 uCi/min and 10 nCi/min, respectively. One of each
type is located in a2 room 8m x &= x 3m fn 2 laboratory building fairly
accessible to the general public. Assume that the tritium is releasad as
the oxide whereas cnly 50% of the nickel released is solubdle.

A fan in the room provides reascnably complete mixing. The ventilatien
T systom, which exhausts the room air directly Lo the qutdeors, provides
Point V2lue three air changes per hour.

a) Uhat are the average room concantrations of tritium and 533i at
equilibrium when the gas chrematographs are ozerating?

)

o

b) Discuss the health shysics program that you would recermend for SR

gnaraticn.

i

Data: MPC (air) (uCi/ml)
Controlled Arsa Ungontrolled Ares
L Y ey - - A - 'n’s - 'A°7
fritium (as HTQ or .2.} §x12 2x10
6-,--' o -a 1 .9
“ui (S) €xi0 2x14d
- - . ‘7 ‘!-p
() xi0 1010
aille
LD .



ABHP Exam #20 -2-

ggestion £3

A radiographer installed x-ray film arcund a pipe weld prior to insarting
a sealed source of gamma radiation into the pipe as part of the inspecticn
procedure. After completion of the #ilm installation, it was discovered
that he had been exposed from the back to the scurca which had not Seen
fully retracted into its shield.

The radiographer's dcsimeter was processed and he described ind re-snacted

(the source having been remgved) the installation of the film. [t was found

that he wore his dosimeter near the midline of his chest about 23 cm abcve

his belt; the scurce was at the level of his belt, in line with the midline

of his back, and at a distance of 10 ¢m frcm the surface of his back; and the

dose equivalent at the location of his dosimeter was 0.1 rem for the duraticn
Point Yalua of this exposurs.

7 a) Calculate the maximum dose equivalent at the surface of his back given
the following: the HVL for the radiation in any tissue in this casa is
§ em; neglect any ather effect of scattering or buildup and any attanuaticn
by air or clothing; the radiation at any point considered is in equilibrium
with soft tissue; the radiographer's torso is assumed to be a slab of
soft tissue, 25 cm thick ang 35 cm wide; and the source is a peint scurce.

3 b) List the corrective measures which you would institute to pravent a
recurrence of this incident.

Question #4

The following average 1ife span data or a large group of young aduylt rats
that survived early mortali.y (more than 30 days) was collected using
cobalt-60 gamme radiaticn delivered in single acute doses.

Dose (rads) Life Span (days)

15 397
1;0 280

0 379
300 832
425 827
550 780
630 738

The control (unirradiated) r=>¢ lifespan was 1000 days. The dose leading
ta 50% mortality (LDgp.3p) im 2 third grei 2 of orevicusly unirradiated rats
was 700 rads.

Continyed on next page)

o,
O

\J
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g s‘jﬂ § o daeq
a) Estimate the average 1ife-span shertening due to acute Co irradiation
for rats in days per rad.

b) Detarmine an equaticn for the life-span as a function of garma dose.
Express the life-span as zercent of control lifespan., lHake the
equation as simple as possible that fits the data approximazely.

¢) Assuming that equal fractions cf the LD 0-30 for the different species
of marmals produce the same percentage ?1fes:an loss, estimata the
life-shortening effect in years in man frem a single acute dose of 109
rads. The LDgg.3g for man in this case is 300 rads at the midline.
The 1ife expectancy is 70 years for unirradiatad humans.

ggestion i35

As the Health Physicist at a large university you have been asked to set up
an in-house bicassay pregram to monitor bioliogy and chemistry research
workers who at various times work with up to the follewing gquantities cof
radio{sotopes.

Quantitz and Isotone Haif-Life for Critical QOrgan
2 Ci of 3H Te = 10 days

200 mCi of %p T, = 14 days

100 mCi of '¢ T, = 12 days
50 mCi of 12°] T, = 42 days

Your previous experience at this university indicates that 53% of tne bicassay
results are less than 1 investization level (as defined by the ICR?), .

Discuss your recommendations and reasons for the following points.

a) What type of bioassay would you reconmend for each radioisstope? (Bicassay
ides)

includes any methcd used to evaluate internal dezesition of radioucli
Assume you have accass %0 any type of counter desired.

b) DOiscuss the rationale far the routine bicassay fregquency you weuld
recommend for each radioisctope.

¢) What calibraticn methods weuld you reccmmend for each type of bisassay
analysis you choose?

204 gy
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guestion 26

A biologist wearing a labcoat but no gloves was homoganizing a cell culture
containing 50 mCi of 32P-phosphate. The tube shattared and uniformly
contaminated both of his hands. After three scrubbings with detargent, you
measurad the non-removable activity with a 5 cm diametar detector at contact
to be 1.5x108 com anywnere on either hand. The workar is now on his wav

to your medical facility and you stop by your office to get the following
data before conferring with the Institute physician.

1) From Radiclogical Health Handbock

E; for 3%p = 0.60 MeV, T 1/2 = 14.3 day, maximum range of 8 in tissue =320 mg,

Standard man: epidermis 500 ¢m
dermis 4500 gm
skin area 13000 cm@

Assume that the thickness of the epidermis and dermis is uniform over th2
body.

2) From your files

Totai detector efficiency (including geometry) = 3.0%

Effactive removal half-1ife for 3 previous -2P-phesphate hand contaminaticn
incidents was 2.7 days.

3) From Radi2cion Jos‘metrv (Hine and Brownell)

For a 2~ source on an infinite thin plane inside 3 uniform absorbding
material the dose at paint (x) is:

-9 [ c X
D(x) = 2.66 x 107" Eza { C! (1+InZg)-exp(l - ¢ )] +exp(1-ux)

expression in brackets[] =0 if x 3,610

D(x) = dose rate in rad/min. at depth x in gram/cmz

Es = avg. 3 energy in MeV

f“ »} ”
v = 3.2 cmzfqm tissue 2 \
1ot
c e ] -

a) Calculate the maximum dose to the darmis and the subcutanesus tissus.

b) How do these calculated doses compare to maximum jermissidle deses 7er
these tissues?

¢) lihat recormendations would you make ts the physician regarding initial and
follow-up treatment pracedures?

4=
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Question 3 -2-

A composite whole milk sample collected on April 10 from cows on pasture
at a dairy farm revealed the following:

Nuclide Measured Concentration
4O 1100 pCi/)
8¢, <2 pCi/l
s 12 pCifi
13 < 0.2 pCi/l
37¢y 1.7 pCi/l
Ca 1030 mg/!

The dairy farm is located 14.7 miles ENE from a 860 MW_ boiling water
power reactor. Prevailing winds are from the south, €and X/Q values
at 15 miles from the plant reveal the maximum X/Q to be in the NNW
sector, decreasing radially in a counterclockwise direction. X/Q in the ENE
sector is approximately 10% of the maximum X/Q. Measured rainfall in the
area “uring the week of April 3 - 10 was 0.88 inches. Since the start of the
yea:, (eactor cperations have beennpormal and 24 kCi of gaseous
radicactivity includirg 26 mCi of I have been discharged to the
atmosphere; approximately 8% of this amount was discharged the week of
April 3 - 10.

a) Discuss the significance of the radionuclide concentrations given
above, and suggest an explanation for any anomalies.

b) What sort of radionuclide distributions would you expect in milk from a
dairy farm located 6 miles south, in the secto. of lowest X/Q? A goat
milk dairy farm 3 miles NN¥? Why?

¢)  Suppose that a small (100 KT) nuclear weapons test (atmospheric) had
been set off in Siberia 2 weeks prior to collection of the sample.
Would you expect any change? Why?

—
S
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Qgestion 49

Fuel fabrication facilities may be required to manufacture plitonium as
well as uranium based fuels.

Discuss:

a) The specific changes in th¢ routine and emergency environmental
monitoring programs, and

b) The specific changes in facility design philosophy as it relates o
the off-site environment

required at a nuclear fuels fabrication facility in order to fabricate
plutonium fuel in addition to uranium fuel.

Question #10

The concentration of 22§§a in the atmosphere at a particular lccation has
been geasured to be 10~-'® yCi/cc on the average. The average concentration
of 2253 in the soil at this locztion is 2.2 dom/g and it is approximately
uniformly distributed in the soil. The density of the soil is 2 g/cc.

a) Assuming a resuspen;lon factor of 5x1077 m-1, what is the resuspendable
226Ra activity per m<?

b) Uhat {s the effective thickness of the resuspendable layer of soil?

¢) Assuming an adult inhales 22583 at the concentration measured at this
lozation for 30 years, what would te the total intagratad dose equi-
valent to the bone at the end of the 30 year pericd?

Given: Areathing rate = 2x107 cc/day
Fraction of 225Ra inhaled reaching the bone is 0.2
Tg for removal of 22033 from bone = 1.6x10% days
Dose equivalent rate to bone from 22523 = 0.8 rem/day-:Ci

Q) N

-48-
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Fiqure for Questicn 11
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Question £12

A three room nuclear medicine department in 2 community hespital is condusting
routine diagnestic studies with a rectilinear scanner and a gamma carara,

It receives 3 300 mCi !10-99 generator each week., Other radicpharmacauticals
are obtained in individual patient doses. Radiotherany is limited t3 I-131
for hyperthyroidism and thyrsid cancer.

Design a continuing radiaticn contrel program fo= this facility. B8e sure
&0 discuss:

a) Records required
b) Instrumentation needed

ursing instructicns, {f any 9o

—

0

Routine radiation and contamination surcei

o

e) Personnel msnitoring
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Point Valus B) [f the measursment of activity induced in tissue were %o be taken in
- the radicactive environment of the accalerator where .ne y-bach:r*und
2 is + 1 mR/hr could the induced activity he det?f*eﬂ’ '~g Hal de.ectar
gives 400 cps in an exposure rate of 10 uR hr™' due %o ~Ra v's ).

2 ¢) Uhat other s* s would you take in investigating this incident?

Question #15

line contairning 95% enriched uranium in <olution as uranyl nitrate is

«eing cut in order to install equipment to dislcdge a plug in the line.
As 2 health physicist you happen on the scane as maintanance peopdle ars
cutting the line. They are dressed in coveralls, latax gloves, plastic
boots, and are wearing respirators, hard hats, and goggles. The field of
radiatwon is 350 mrem/hr and a1l personne! are standing around the equipment
watching progress of the work. The area has been ribboned off and a
plastic bag has been taped to the line around the cut area in order %0

roint Value prevent contaminants from splashing to the floor and adjoining equipment.

4 a) Yhat is the major item of concern here?

6 b) What, if 2ny, changes would you recommend in the procedure?

Questian #1§

You are the hralth physics member of a design review team responsible for

evaluating the design ¢f a fuel reprocessing plant. As means of rodu-~ng

doses to personnel from radicactive material and releases of radicactive

materials to off-site locations, briefly discuss the desicn of each c‘ the
Point Value following:

3 a) containment and confinement barriers

3 b) shielding

1 ¢) physical layout

2 d) ventilation

1 e) equipment desizn '
S



ABHP EXAMINATION 22, PART I
June 19, 1978

Answer any seven

Total Time: & hours

Point Vo »
3

A

Point Value

b

Question 1

a) Beams of protons or electrons ‘-hich pass through air can produce
radicactivity by interacting wiih air molecules. Identify the most
commenly produced radionuclides and show methods of production.

b) These radionuclides can produce exposure to several different parts of
the body. Identify these parts and indicate which one is the limiting
case.

c)  What are th: simplest methods of contrc.iing radiation exposure in an
occupied roc m [rom this source?

d) Given that the production cross-section ‘or one of these radionuc!idej
is 60 mb, calculate the equilibrium concentration in a room of 100 m
and no ventilation for a 6.25 x 10 13p proton beam and a | m air

gap. Assume a | cm™ beam. Specjfys which reaction you have chosen.
Data

Density of air at standard conditions = 1.29 x lO’3 —%
cm

: .. 238
Molecular weight of air = —

23 molecules

Avogadros Number = 6.02 x 10 tnole

Question 2

a) As a consuitant to a university, vou have been asked to provide
recommendations for the shielding requirements of a particle
accelerator. What information will be needed to provide these
recommendations?

b) Identify at least three types of radiation which are normally produced
by the interaction of a particle beam and a target and which are
significant from a health physics point of view. How is each procduced?

) Which type of radiation wouid you expect for a 3 MeV electron deam

interacting in a copper target? For a 30 CeV proton beam interacting
in a copper target?

362 099
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Question #3

An analystinhaled about t2n nancgrams of 358 when he entered a labcratory
module after a vial containing one milligram of 33g exploded. Flcor sur-
faces in the laboratory vere contaminated to 70 mCi/m*, His body surfaces
were decentaminated with scap and water; contaminated body hair was re-
moved by shaving. All urine and fecal samples were collected for 33g
determinations until the concentration in the samples decreased to the
limits of detection, 0.1 nCl/liter of urine or 0.1 nC1/100 grams f{eces.

Period Total Fraction 8iclegical
Menitered 353 Activity  Eliminated Halftime
Jampie (days) Wy h: davs)
Urine 65 610 0.75 0.3
0.25 7
Fecal 8 380 1.0 1

a) Determine the dose equivalent Som one millicurie of 355 in the

body for one day assu:aing the whole bedy to be the critical crgan,
b) Calculate the analyst's integrated whole body equivalent,

38

Glven: S data half-life = 87 days; beta energy = 0,167 MeV (max);

; = (0,05 MeV (ave)
Quality Factor = 1,0 total bedy)
Organ Weight, total bedy = 70 kg; lung = 1 kg
Curte = 3.7 x 1010 dis/s
eV = 1,602%10-12 ergs
day = 3.84X10%s
Tractic' of Systemic burden excreted {n urine (Fu) = 0.5

[ -az 1
2 dz = ¢

<

-
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Questicn #14

A 26 vear cld female was referred ¢ radiclegy by her internist for the
following examinaticns:

a) Chest, PA and Lat.

5) Barium Znema

¢} Intravenous Pyelogram

Subseguently it is discovered that ...15 patient was two weeks gregnarnt
at the time of the examination. As the hospital health shysicist, vou
are consulted,

a) Estimate the fetal dose from each of these procecdures, DTescrite
your methed and assumptions.

2) Discuss your recommencations regarding patient management in
light of your estimated fetal duse.

c) 'What controls would you recommend se (nstituted in arder to
minimize the recccurance of this type of :roblem?

Question #15

A graduate stucent is opening an irradiatad quar:z an:cu.e containing
300 Ct of 33y oxide powder. He is working behind a 4 inch thick,
lead glass shield and is using long tongs tc unwrag the aluminium

foil covering on the ampoule. He beccmes mpa ient wi h the tongs,
reaches arcung the shield with bota hands and unwraps &2 foil, at
which peint he discovers that the ampoule {s broken and the 277
powcer spills aut. The student recognizing 2 petential preblem
immediately stepped sack from the area, Within minutes the axhaust
air alarm (set for 10 X normal backgraund a:c the assalute #lsar socunds.

aL.bsequ at reconstuction of tne (ncident shows that *ha stucdent's
nands wers close 10 2ut nct [ess than one sentimetsr fram the amae

ocule for 30 seconds, Measured icse matas wers | .e:-:,':;:.-:e at
b 2 " P 188
Sne [cct unshielded and 20 mrem/hir Sehingd the shield., -°%v
decays Ty electran sapture T4 = 32 4) emitting srimanly Tm Xeravs,

-

glus 33 and 138 K&V gammas.
Siscuss the iclicwing:
3) Ixposur: avaluaticn and management.

- ~Y
2) Cleanup of laborsssry,
=
Sl SieDs ¢ sreavent recurtence of incié

ll

ey
o
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Question 37

The continuation of stmospheric testing of nuclear cevices by the
Pecple's Republic in China adds to the inventory of radiccontaminants

in the nerthern hemisphere. This situaticn tends to complicate peri-
odically the interpretation of routine radiclogical envircnmental sur-
veillance data. This !'s particularly so for facilities which have been
operating for scme time. For the folloewing situations discuss the
methods 5y which you weould estimate the crigin of the contaminatcn

or the facility's contribution to sample activity. Assume the facility to
be a pressurized light water reactor which has operated for two years and
has been through ‘wo partial refuelings. Assume the weapcn to De a pure
fission device. Assume the time lapse between the test ard sample collec-
tion to be 7 days. Assume heavy rains with the arrival of tre fallout,

a) Slt samples ccllected at several downsteam locagons in the

nccivtnq ftream c?lrcd the gnsencg of 5?3.10 oCc’m:‘l:"‘Cs ’
Ce, I, and Ru.

b) w.lk samples coLected at sﬁvcral local farms showed significant
concantrauons of 93¢, with no significant change
tn 90sr anc¢ *37Cs,

¢) Compcsited raw domest.c water collected at a »‘cw'xs..roam ‘-mme
showed elevated itium and small quantities of 38Co, 80cCo,
54\Mn , and 140Bala,

Question #3

You are a health physics consultant for a2 uranium mining and milling
company, Last night, at 11:00 p.m., at the Victeric Peak uranium
mill, a retenticn dam broke releasing 2 millicngallens of tailings
water and slimes. About 30 acres of land adjacent o the mill have
been flocded. The Shift Superviscr orderad 2 temporary term thrown
up which has confinec the flow to laad controlled by the mill. The
flow stoppecd about 1/2 mile short of the small community of 3lack
Sands (about 30 residents). The mill has teen shut down,

The mill is locates in a 4rv part of the sountry subject o frequent
pericds of high winds, Drinking, farm, and mill process waters are
sbtained from shallow aquifers,

a) ‘What program would vou initiate to 2ssess the potential radio-

legical 'm—ac: cf the tailings spill upen the a"v:rcr."xe" ?
B) What actions would you recommend o the mill cperatsrs

minimize and to conmel the impact of the spill? (VL
a) ‘What radicisctoves ars of major concern’
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Question #12

Possible accidants at scwer reacriors have raceived considerakls
attention (n the past severa] years, WASH 1400 (Rasmussen Report)
is an .n-dopth investigaticn of potential accidents at power plants,
Answer 4 of the fellowing 5 sections:

a) Explain the event tree and fault tree technique used in the repert.
(What {s the relationship setween them?,

B) What are the three sets of probabilities which are combined 0
reach the final probability of a specific consequence (death cr
injury) on the population?

¢! This report develops scme new values for LDsg)/50. Approxi-
mately, what are these values, anc what arc the reasons for
having more than cne?

d) What doses are combined to arrive at the total dose used t¢
evaluate mortality rates?

e) Based on this report, what natural shenomencn (cr group of
natural phenonmena) has an equivalent precbability of mertality
as dec 100 operating nuclear power plants?

ue n #13

A stainless steel bclt has come lcose from cone of a reactor vessel
internals. Plans are to pick the zclt up with a remote set of tongs and
and bring it up out of the water ¢ local visual inspecticn an *‘*cn

send it off-site for metalurgical inspection. This belt has been in

the reactor for 310 effective full power cays. The thermal neutron

flux in this portion of the reactor s calculated to be 2,1 E 12 n/cm“- sec.
The reactor will have "ee' sn -4'. down for 17 days at the time the

bolt will be removed. From drawings, the bolt {s calculated o weigh
215 grams. The :ompos...cn cf the bolt is:

Iron - 80%

Nickel -- 19%

Manganese == 0,.3%

Carkon e 0,5%
Calculate the gamma radia%ion leval -w-e:' d at 12 incheas &om the
belt in alr, (TUse data STom *hat srovided on the arached table.
S39Co sontaminasion Lo atckel and iron shouls te neglected,
Aveogadro's numser = §,022 £ 23

-§0-
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Question #10

A researcher (n thn Physics Department wishes tc construct a photo
neutron ’°“f§! of I2e and 124 isp, He plans to use a very small sealec
capsule of Sb surrounded by 30 em of Ige.

a) Calculate the approximate radiation dose rate {rom this source.
Show calculations.

b) Discuss the nature of the shielding you would recommend.

Data:

10 C1 of 124gp %3¢ (y,n) cross section = 1 millibarn
S8e (y,n) threshcld = 1,66 MeV
Se density = 1.8 g/cmd

12481: decay Scheme:

Energy (MeV) %

0.603 97
0.844 7
1.692 50
2.088 7

Neutron energy = 24 KeV

400 X 108 n/em? = 1 rem
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Suestion $10

A researcher (n the thsicg ,‘:cpartmcnt wishes to construct & phote
neutron so‘.ﬁ! of 33e and 1345p, He plans to use a very small sealed

capsule of Sk surrcunded by 30 gm of Ize.
Zoint Value
8 a) Calculate the approximate radiation dose rate from this scurce,
Show calculations,
2 b}  Discuss the nature of the shielding you would recommend.

Cata:

10 Ci of 124gy 930 (y,n) cross section = 1 millibam
33e (y,n) threshold = 1,558 MeV
%s deniity = 1.3 g/zm?

l2“8).: decay Scheme:

Epergy MeV! X

0.803 37
0.544 7
1.6392 50
2.088 7

Neutron energy = 24 eV

400 X 108 n/em? = 1 rem
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Question #12

Possible accidents at power reactors have received considerable
attention (n the past several years, WASH-1400 (Rasmussen Re.crt)
is an (n-depth investigaticn of potential accidents at power plants.
Answer 4 of the following 5 secticns:

a) Explain the event tree and fault tree technique used in the repcre,
(What (s the relationship between them?)

B) What are the three sets of probabilities which are combined to
reach the final prol-“ility of a specific consequence (Zeath or
injury) oa the pepulation?

¢} This report develops scme new values for LDsg/60. Approxi-
mately, what are these values, and what are the reasons for
having more than cne?

d) 'What doses are combined %0 arrive at the total dose used %o
evaluate meortality rates?

e) Based on this repcrt, what natural phenomencn (or group of
natural phenonmena) has an equivalent probability of mortality
as do 100 operating nuclear power plants?

Question #13

A stainless steel bclt has come loose from cne of a2 reactor vessel
internals. Plans are to pick the belt up with a remote set of tongs and
and bring {t up out of the water for local visual {nspection and then

send it off-site for metalurgical inspection. This belt has been in

the reacter for 310 effective full power days. The thermal neutron

flux in this porticn of the reactor is calculated to be 2,1 E 12 n/eme-sec,
The reactor will have been shut dewn for 17 days at the time the

bolt will be removed, From drawings, the bolt is calcul2ted to weigh

215 grams. The composition of the bolt is:

{ron - 80%
Nickel -- 19%
Manganese -~ 0,.3%
Carben - 0,5%

Calculate the gamma radiation level axpectad at 12 {aches &om the
belt in alr, (Use data from that sroviced on the attached takble.
5375 contamination = alckel and ron shcuwls Se neglected,

Aveogadro's numbser = 5,022 £ 23.)

«§0=
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The continuation of atmospheric testing of nuclear cevicis “v the
Pecple's Republic in China adds to the iaventory of radioconta.” inants

in the ncrthern hemisphere. This situaticn tends o compllcate geri-
odically the interpretation of routine racdiclogical envircnmenta, sur-
veillance data., This is rticularly so for facilities which have teen
operating for scme time i the follewing situaticns discuss th
methods by which you wou i estimate the origin of the contaminaticon

or the facility's contribution to sample activity. Assume the facility to
be & pressurized light water reactor which has operated for two years and
has been through two partial refuelings, Assume the weapon %0 Te 3 pure
fission device. Assume the time lapse between the test anc sample collzc-
tion to be 7 days. Assume heavy rains with the arrival of the fallowt,

a) SUt sampies collected at several downsweam lccations In the

recotving sream s?lawod the gresence of ’8'3'.0 , %%cq o L34ce,
37cg, 140y, 8lgg 99z Iy, LSlp, and 134,

b) Milk samples collected at sﬁveral local farms showed significant
soncenwations of 9lr, 1321 833+ with no significant chang
tn 305 and 137Cs,

c) Composited raw domestic water ccllected at a downstream intake
showed eslevated tritium and small quantities of 3%Co, 50Co,
S4Mn , and l40z2ala,

Question #8

You are a health physics consultant for a uranium mining and milling
company. Last aight, at 11:00 p.m., at the Victeric Peak uranium
mill, a retention dam broke releasing 2 millicngallons of tailings
water and slimes. Abcut 39 acres of land acdfacent 0 the mill have
been flocded. The Shift Superviscr orderad a temporary berm thrswn
up which has confined the flow to land contrclled by the mill. The
flow stopped abou: 1 /2 = e shors of the small community of 3lack
Sands (acout 30 residents). The mill has teen shut down,

The mill is located in a 2ry par of the sountry subfect ic frequent
periods of high winds. Drinking, farm, ancd mill process watars are
sbtained from shallow aguifers.

a) ‘What grogram would you initiate 2 assess the sctential racic-
logical impact of the tailings spill upen e anvironment?
8) What actions wo' .léd vou recommend 0 the mill cgerators 0

: . N . . ‘e
- _- . ——— -- - - - - - J
minimize ang O conLel tae n1fact Ot tNe SRl

s} What radicisotcces are of majeor concermn’

-3¢~ 7
9
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A 26 year old female was referred t0 radiclogy by her internist for th
fcllowing examinations:

a) Chest, PA and Lat.
b) Barium Enema
¢} Intravencus Pyelogram

Subsequently (t is discovered that this patient was two weeks gregnant
at the time of the examination, As the hospital health shysicist, you
are censulted.

a) Estimate the fetal dcse from each of these procedures, Describe
your methed and assumptions.

b) Discuss ycur recommendations ragarding patient management in
light of your estimated fetal dose.

¢) What controls would you reconrmend be (nstituted in order to
minimize the reoccurance of this type of problem?

Question #15

A graduate student i¢ opening an irradiated gquartz ampoule containing
500 Ct of 5%y ox ce powder. He is working behind a 4 inch thick,
lead glass shield a4 is using long tongs to unwrap the aluminium

foll covering on the ampcule, He becomes impatient with the ..onqs,
reaches aroung the shield with both hands and unwraps th ‘ci).

which peint he discovers that the ampoule s broken and the °§1'b
powder spills cut. The student recognizing a potential sroblem
immediately stepped back from the area, Within minutes the exhaust
air alarm (set for 10 X normal background at the absolute #ltar) scunds.

Subsequent reconstruction of the L*c‘dvt shows that the stucdent's
lands arers close to Sut not less than one "vt‘*e'e’ from the am-
scule for 30 seconds., Measured dose rates were | .’e-/-wi- "a at
sne foot unshielded and 20 mram/hr Senind the shiald, -8%

decays by electron cacture "'.'-t = 32 d) emitting srimarily ‘.‘..-: X-ravs,
plus 33 and 138 {eV gamma

Discuss the fsllewing:
a) EIxpesure avaluaticn and manacement. ey

3) Cleanup of !abcratary,
<) Steps %o grevent recurrence of iacident.
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Ananalystinhaled abeut ten nancgrams of 335 when ne antered 3 lasorats 2 4
mocule after a vial containing one milligram of 33 explocded,. Floer sur-
faces in the laboratory were contaminated to 70 mClL/m. His bedy surfaces
were deccntaminated with soap and water; contaminated 2ody hair was re-
moved by shaving. All urine and fecal samples were collected feor 335
determinations until the concentration in the samples decreased to the
limits of detection, 0.1 all/liter of urtne or 0.1 aCL/100 grams feces,

Feriod otal Fractio 8iological
Menitored 355 Activity  Eliminated Halitime
Sample (davs) WGl % davs)
Urine 6S 810 U.78 0.3
0.25 7
Fecal 8 380 1.0 3
Point Value 18
4 a) Determine the dose equivalent from one millicurie of “°S (n the
body for one day assuming the whole body to be the critical crgan.,
8 3) Calculate the analyst's integrated whole body equivalent,

Given: 35S data nalf-life = 87 days; beta energy = 0,167 MeV (max);

X = 0,05 MeaV (ave)
Quality Facteor = 1,0 (total bedy)
Organ Weight, total bedy = 70 kg; lung = 1 kg

Curte = 1.7 x 1017 dis/s

eV = 1,802 X10-12 ergs

day = 3.54X10%s

Fracticn of Systemic burden axcreted {n urine (Fu) = 0

o
f 32 | 1

e

¥ ’,—5)



Answer anv seven

ABHP EXAMINATION 22, PART II
June 19, 1978

Total Time: 4 hours
Point Value Qusstion |

3 a) Beams of protons or electrons which pass through air can produce
radioactivity by interacting with air molecules. Identify the most
cemmonly produced radioruclides and show methods of production.

2 b) These radionuclides can produce exposure to sevaral different parts of
the body. Identify these parts and indicate which one is the limiting
case.

2 c) What are the simplest methods of controiling radiation exposure in an
occupied room from this source”?

3 d) Given that the production cross-section for one of these radionuclidei
is 60 mb, calculate the equilibrium concentration in a room of 100 m
and no ventilation to; 2 (2510 i3p proton beam and a | m air
gap. Assume a | cm~ beam. Speciff which reaction you have chosen.

Data
Density of air at standard conditions = 1.29 x 10”2 —55
cm

g . _ 28¢g

Moiecuiar weight of air = e
23 molecules
Avogadros Number = 6.02 x 10 e
Point Value uegtion 2

5 a) As a consultant to a university, you have been asked to provide
recommendations for the shielding requirements of a particle
acceierator. What information will be needed to provide these
recommendations?

3 b) Identify at least three types of radiation which are normally produced
by the interaction of a particle beam and a target and which are
significant from a health physics point of view. How is each produced?

2 c) Which type of radiation would you expect for a 3 MeV electron beam

interacting in a copper target? For a 30 GeV proton beam interacting
in a copper target?

ey

bl

b
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b) I[f the measursment of activity induced in tissue were t3 De taken in
the radicactive environment of the accalerator wnere the y-dackgrcund
is v 1 mR/hr could the induced activity be detgcted? (The 'lal detactor
gives 4C0 cps in an exposure rate of 10 uR hr™' due t2 22%g, Y ).

¢) UWhat other steps would you take in investigating this incident?

Question #1535 &

A line containing 95% enriched uranium in solution as uranyl nitrate {s
being cut in order to install equipment to dislodge 2 plug in the line,

As 3 health physicist you happen on the scene as maintanance peocpla arg
cutting the ‘ine. They are dressed in coveralls, latex gloves, plastic
boots, and are wearing respirators, hard hats, and goggles. The field of
radistion is 350 mrem/hr and all perscnnel are standing arcund the equipment
vatching progress of the wark., The area has been ribboned off and a

plastic bag has been taped to the line arocund the cut area in order %o
prevent cuntaminants from spliashing to the floer and adjoining equipment.

a) vhat is the major item of concern here?

b) what, if any, changes would you recommend in the procedure?

Quastisn €16

You are the health physics member ¢f a design review team responsible for
evaluating the design of a fuel reprocessing plant. As means of reducing
doses to personnel from radicactive material and releases of radicactive
materials to off-site locatiens, briefly discuss the design of each of the
following:

a) containment and confinement barriers

b) shielding

¢) physical layout

d) wventilatien

e) eguipment desizn

RV 3
“~/ ‘~

b
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Figure for Question
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Question #12

A three room nuclear medicine department i
reutine diacnostic studies with a rectiline
It receives a 200 mCi '2-33 generator each
are obtafned in individual satient doses.
for hyperthyrsidism and thyroid cancer
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Relative axial concentration versus distance downwind by stability class --
15 to 60 minute release time (Markee).
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guestion £9

Fuel fabrication facilities may be required tc manufacture plutonium as
well as uranium based fuels.

Discuss:

a) The specific changes in the routine and emergency envircnmental
manitoring programs, and

b) The specific changes in facility design philoscphy as it relates to
the off-site environment

required at a nuclear fuels fabrication facility in order to fabricate
plutonium fuel in addition to uranium fuel.

Question #10

The concentratiocn of 228 a in the atmosphere at a particular lecation has

been gcasured to be 10°19 ,Ci/cc on the average. The average concentratian
Ra in the soil at this location is 2.2 dpm/g and it is approximately

unifcrmly distributed in the soil. The density of the soil is 2 g/cc.

a) Assuming a resuspensjon factor of 5x10° T m~', what is the resuspendable
226Ra activity per ne?

b) Uhat {s the effective thickness of the resuspendable layer of saii?

¢) Assuming an adult inhales 225Ra at the concentraticm measured at this
lozation for 30 years, what wculd te the total intagrated dose equi-
valent to the bone at the end of the 30 year pericd?
Given: Breathing rate = 2x107 cc/day
Fraction of 228Ra inhaled reaching the bone is 0.2
Te for removal of 2203 from bone = 1.6x10% days
Dose equivalent rate %o Sone fram 225R%a = 0.8 rem/day-yCi



Point Value

6

Question 3 -2~

A composite whole milk sample collected on April 10 from cows on pasture
at a dairy farm revealed the following:

Nuclide Measured Concentration
40y 1100 pCi/!
s <2 pCi/l
i 12 pCi/l
131, < 0.2 pCi/l
1374 1.7 pCi/l

Ca 1030 mg/!

The dairy farm is located 14.7 miles ENE from a 860 MW_ boiling water
power reactor. Prevailing winds are from the south, €and X/Q values
at 15 miles from the plant reveal the maximum X/Q to be in the NNW
sector, decreasing radially in a counterclockwise direction. X/Q in the ENE
sector is approximately 10% of the maximum X/Q. Measured rainfall in the
area during the week of April 3 - 10 was 0.88 inches. Since the start of the
year, reactor operations have beeri 3pomal and 24 kCi of gaseous
radicactivity including 26 mCi of I have been Cdischarged to the
atmosphere; approximately 8% of this amount was discharged the week of
April 3 - 10.

a) Discuss the significance of the radionuclide concentrations given
above, and suggest an explanation for any anomalies.

b) What sort of radionuclide distributions would you expect in milk from a
dairy farm located 6 miles south, in the sector of lowest X/Q? A goat
milk dairy farm 3 miles NNW? Why?

c)  Suppose that a small (100 KT) nuclear weapons test (atmospheric) had

been set off in Siberia 2 weeks prior to collection of the sample.
Would you expect any change? Why?

’3‘0‘?’

o
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Question 10

A geclogy rescarch associate is studying brine solubilization of transuranics
as part of a bedded salt waste disposal program pfO;'CS!!.ZBéﬂ'e hag,in a
§quvebox2@;\e millicurie each of the following radionuclides: Pu, © "Am,

Cm, Cf. You, as University RSO, receive at 4 p.m. a teiephone call
that there has b:en a small fire in the glovebox fromn a solvent extraction
process. On arrivi'q at the scene, you observe through the lab deor window
that the glovebox apppears undamaged except for pessible leaks around the
gloves where they mate with the box. It is ascertained that the glovebox
filters are intact. The lab room exhaust ventilation system is still working
Decause there is air flow under the door intc the lab. Previous studies with
smoke tubes have shown the mixing factor in the room to be 0.1. From your
exparience, you estimate that a maximum of 10% of the material has been
released from the glovebox. The ropm is 20 feet by 20 feet by 10 feet high,
and the exhaust flow rate is 4000 ft~,/min.

a) The experimenter is quite concerned and wants to reenter the room
immediately (30 minutes after the incident) to shut down a valuable
piece of equipment. Calculate the room air concentrations and state
Fh: appropriate protective clothing and equipnent necessary to do this
job.

b) Comment on the overall reentry problem from the standpoint of timing
and preplanning.

Radionuclide MPC_ (pCi/ch)
Pu-238 2x 10712
Am-243 6x 10712
Cm-244 ax 10742

N .12
C£-240 2% 10

Ventilation Equation

C=C, ¥ where

= mixing factor
= flow rate

= volume

= t.me
= initial concentration

N~ <O*

2

Respiratory protection factors

a) Half mask 10
b)  Full-face mask 50
<)  Airline respirator

half mask 1000 "
full-face 2900 J 07 v ¢,
s &
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5

Nuclide

SQMn

60C°

60Co

Point Value
l

-9-

d)  Self-contained breathing appara.us

pressure demand 10,000
demand 50

Permissible emergency excursion factor above M F*Ca is 5

Question !1

You are responsible for monitoring radicactive shipments at a waste
rnanagement facility. A large shielded iron cask containing stainless steel
scrap from a reactor storage basin was positioned at 50 feet from a high
resolution gamma, monitor and a l0-minute count showed photopeaks

characteristic of = Co.
1173.2 KeV: 2960 counts (net)
1332.5 KeV: 5150 counts (net)

a) Detarmine the apparent thickness of the cask assuming a peint source
and no significant buildup factor.

b) Estimate 6“I,C:c) activity in the cask.

Linear Absorption

Energy Photon Yield Detector Coefﬁcieplt-iron
(KeV) % Efficiency* (em )

835 100 5.6x 107 0.5112

1173 100 4.1x 107 0.4335

1332 100 3.5x 107 0.6058

*Absolute efficiency at 50 feet in air (photons counted/photons emitied)

Question 12

You have been hired by a large nuclear facility as a consultant to develope a
respiratory protection program. Assume that the design of the facility has
been reviewed and approved by a panel of certified health physicists and
that this panel has assured that enginecring controls have been instituted
wherever practicable to minimize the inhalation of radioactive material.
However, they recommend that the use of respiratory protective devices
will be necessary in addition for certain routine, non-routine and emergency
operations. Discuss the elements of an acceptable respiratory protection
program.
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Question 13

A worker was found to have spent an entire 8-hour shift in an area bshind a
wall adjacent to a radicgraphy operation. The X-ray inachine in use was
beamed down at the floor and operated at 220 kVp and 22 mA; the worker
was about 10 feet from the tube head with only a plaster wall as a shiela.
The measured exposure rate at the workei's locztion was obtaired by the
radiographer with a thin metal (30 mg/cm” Fe) wall G\l tube used in open
window mode and was 27 mR/hr. The worker's TLD (LiF) badge was
immediately processed and interpreted as reading 30 mrem; a pocket
chamber (290 mR full scale) on the wall behind the worker was off-scale,
and a TLD in the same location read 50 mrem. ‘

a)  What dose would you assign to the worker? Explain your Sasis.

b)  What additional data would you gather, if any, to establish or verify
the dose?

¢) Explain the discrepancy between the TLD and other readings; would
you recommnend investigation of the TLD badge processor for
accuracy, and if so, how might this be done?

An air sampler with a flow rate of 2 cfm, operated forjga hours ﬁ:{\pling the
discharge from a stack. The stack gases contain both “"Fe and 1, and the
stack discharge rate is 6000 cfm.

The filter 'was counted immediately after removal from the sampier and the
gross count was 11,280 cpm. Two days later the gross count was 10,666
cpm. The counter background is 100 counts perséxour, counting eﬁ.fj'?iency is
12%, and filter collection efficiency is 85% for ““Fe and 50% for i A

31! in the stack e fluent.

a) Calculate the concentration of ”Fe and !

b) GCiven that the iodine is in the elemental form and that the iron is
attached to particulates, what type of filter media would you use in
this air sampler?

- 1 ,
c) Civen the MPC_ for ”Fe =5x10 ? uCi/crn3 and for 311 =1 x10 e
uCi/em”, what recommencations would you make concerning this
stack effluent?

d) Do vou think your answer is "statistically significant"? Why?

Data
=3
T% for " Fe = 45 days
T, for 1311 . 3.05 days
| cu. fr. = 28,000 em>
i /’

T8
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Question |3

A special! maintenance job at a 123C MWe unit BWR power plant involves
rebuilding a reactor water cleanup punp. The procedure calls for rermoval
of tre pump from its isolation roem to a temporary plastic service tent
where most of the work will be performed. Initial surveys incdicate no
detectable airberne radicactivity, surface contimination levels be=low the
minimum value for a contamination zone, and gainma fields of 200 mR/hr at
une meter and 60 mR/hr in the general working #-¢1,

Removal from the isolation room can be performed bv teams oi three inen in
four hours or six men in two hours.

a) What is the approximate dose 2quivalent (individual and mtegrat‘-d)
that the men could receive?

b) Based on health physics principles which alternative is preferable?
Why?

The service tent is located 15 feet from a crud trap (a length of piping &'
long by 10" diameter) three feet above the floor.

c) What thickness would a concrete shield wall need to be to reduce the
exposure rate at |5 feet from 0.25 R/hr to 5 mR/hr? (Neglect scatter
gbound the wall. Assume that the predominant nuclide in the crud is

Co. Show all calculations.)

d) L\pprog:dmately how many Curies are contained in the crud assuming it
is all ""Co?

e} As plant health physicist what would be your recommendation
concerning this source of radiation exposure?

Concrete Buildup Factors for a Point Isotopic Source

v x
MeVv ] 2 4 7
1.0 1.97 318 8,22 12.3
Dose Buildup Factors
2.0 1.75 2.59 4.49 7.74
1.0 209 3.5 7.02 13.9
Energy Absorption Buildup Factors
2.0 1.79 2.69 4,71 2.16
Broad-Beam 60Co
Gamma Daose Concrete Shield
Transmission Thickness (inches)
0.1 11
0.0} 19 " '0\'
P!
0.00! 27



Point Value

Lincar Absorption Coefficizats Per Inch

MeV Concrete
1.0 0.354
J.1 0.337
1.2 0.321
1.3 0.306
' 60
Half-life of ~ Co = 5.26 y=ars
6oCo gamma energies 1.17 MeV
1.33 MeV
Question 16

You are the health physicist in a nuclear power station. A certified welder
has received an unknown, unplanned exposure. His 200 mR pocket chamber
is off-scale and it will take two hours to have his TLD badge read. In
addition, he received skin contamination over parts of his bodyv, the most
significant of which is 6,700 dpm on his face. The welder is a transient
worker and you have not reccived written corfirmation of expesure framn
previous employers as shown on the worker's NRC-4, However, it is the first
week in the quarter and you are certain that he has recived no radition
exposure during this period at a facility other than yours. His accumulated
pocket chamber reacings at your facility for the inonth are 600 mR prior to
this exposure.

a) This welder is critical to the repair of the system, Consequently, you
are being pressed by plant management 10 permit him to return to
work prior to receiving the TLD badge results. Would you allow the
welder to return to work in radiation and/or contamination zones?
Why?

b) Assume that you have made the decision to make an in vivo count of
the worker. The results of this count are:
1 0
131 . 1.0 mei 69c5 - 1.0 uCi

The activity is to be consicered as the total activity in the worker's

body.

362 12!

e
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The data for these radionuclides are:
131!: Critical organ = thyroid
¢ = SEF (RBE)n = 0.23 MeV for thyroid
Maximum permissible burden in total body
Physical T, = 8 days
Riological T, = 138 days
Thyroid weigﬁt = 20 grams
Thyroid size = 3 cm
fz = 0.2

Co: Critical organ = whole body
¢ = SEF(RBE)n = 1.5 MeV
Maximum permissible ?urden in total body
Physical T, = 1.9 x 10” days
Biological T, = 9.5 dgys
Body weight =7 x 10" grams
Body size = 30 cm
fz =1

Possibly useful formulas for calculating doses:

"

0.7 uCi

60

10 uCi

t
5.2 21
Dose (rem) = - 2 fq (t) dt
5.2 cqf, °
Dose (rem) = A
512 eqtye M
Dose (rem) = =

Calculate the dose commitment to the critical organ. How much of

) this dose would you assign to the first quarter?
Point Value

2 ¢)  What additional things would you recommend concerning this internal
exposure?

2 d) The TLD badge for the worker read 2.0 rems. Do you have an
overexposure that must be reported to the NRC as sperified in
10CFR 207

-76=



Section 6

Part II - Answers to Typical Questions

Seven questions have been selected from Part II of recent exams
and an acceptable answer for each question is given. It must be recognized
that other answers or modified versions of the answers given may be equally
acceptable. In grading questions, the Examining Panel is looking for pro-
fessional attitude, technical approach, organization, justification of assump-
tions and logical reasoning. Thus, variations on answers are acceptable as
long as they are well supported; however, correct numerical answers to cal~
culational problems are expected to obtain a perfect score.

1. Accelerator - Exam 18, Question 8

e Radiation sources could be any material the beam could strike such
as:
Collimators
Magnets
Beam pipe
a. Under normal opr.rating conditions there could be beam loss
caused by the s, - -.! in the electron momentum causing a

portion of the be.m strike material. This would be a small
continuous loss gene.ating high energy photons and photo-
neutrons.

There would also be a continuous radiation of photons because
of synchrotron radiation in the bend, These would be low energy.

b. A failure in the beam transport system such as a magnet failure
will dump the entire beam intc some material (listed above),
This would generate a point source of high energy photons and
neutrons,

II, The shielding should be high Z material around the beam pipe to reduce
the photon and high energy neutrcn intensity as quickly as pessible,
This must be followed by low Z material (concrete) to absorb the moder-
ated neutrons.

II. a. Calculate beam power

P 2.5%x 10" (eV) x1 (amg) x 2 x 107° {(

i

1.8 x 10* watts



Continuous beam loss of 0.1 % gives 18 watts. Thus, the rate
of energy lost = 18 joule/sec. At 360 pulses/second, this
amounts to 0.0S5 joule/pulse.

A single failure dumping the entire beam at one point results in
1.8 x 104 watts or 50 joule/pulse. If the beam is turned off
within 2 pulses the total energy lost is 100 joules. Thus, if
there is less than one failure every 2000 pulses, the continuous
beam loss dominates. It is reasonable to expect that a failure
every 2000 pulses is intolerable from an operational standpoint,

b. Activation of machine parts is generally not a significant shielding
problem in electron accelerators compared with the shielding re-
quired for the machine operation. Radiation from activated parts
is of much lower energy and more readily shielded than beam-
produced radiation, However, local shielding of activated parts
may be necessary for personnel access during maintenance periods.

2. Environmental - Exam 17, Question 2
Air Monitoring

40K ancé cosmic radiation are not significant factors in air moni-
toring. Thoron and radon and their daughters may contribute significantly to
the activity observed by an air monitor, and their associated alpha activities
make it quite difficult to monitor air at MPC levels or below for more hazardous
alpha emitters.

- A Sample Counting

Cosmic radiation contributes significantly to the background
counting r=te of low-level beta and gamma counting equipment, even though
they may be we!l shielded from effects of terrestial radiation.

3. In Vive Counting

The human subjects contain significant quantities cf 40'& and
may have in or on their bodies scme radon daughters. The equipment in the
counting chamber may contain 40!(, U and Th. The air in the chamber may
contain raden and thoron plus their daughters. Some cosmic radiation will
penetrate into the counting chamber.

4, Radiation Background Measurements
All four will contribute to background measurements making it

difficult to detect small contributions to background radiation from other
activities.



5 Calibration «f Low-Level Instruments

Because all four contribute in some degree to background radiaticn,
one cannot chtain "zero" background for calibrating instruments.

6. Materials for Construction and Siizlding

Almost 21l s2ils and masonry materials contain 40¢ ang U.
Some contain Th.,

T Radiocchemical Analyses and Materials and Equipment Used

Radon and thoron caughters may be contaminants in low-level
laboratories. 40K and isotopes of the U and Th series may derive from
materials such zs glassware  ceramics, etc., and some of the chemical
reagents will likely contain 40'.( and some of the isotopes of the U and Th
series.

3, Fuel Cycle - Exam 19, Question 15

Work on each of the three streams will require work area pre-
paration, wearing of at least a "basic set" of protective clothing including
rubber gloves, the use of a Radiation Work Permit, bagging of tools for de~-
contamination at the enc of the job and continuous health physics coverage
during at least the opening of the pump. Other specific considerations for
each stream are:

a. Uranium Stream

The main problems in working on @ pump in this stream will be
centered around the slight fission product contamination that may still be in
the uranium strezm. In addition, although the U-235 enrichment will be in
the range o * ¢ few percent, there is a chance (under unusual circum-
stances) suc.. as dizining a long length of small diameter piping into a large
container) that consilerations will have tc be given to potential criticality
problems. The work area should be papered . nd absorbent paper placed
uncder the pump to absorb any leakage when the -ump is opened, Full-face
filter masks should be worn until the pump is opened and air samples are
taken, If air samples are < MPC, mask requirements can be removed, When
pump is cpened, beta and hand exposure rates should be evaluated. Job
should require health physics coverage at the start of the job, at the time
pump is opened, and after work area cleanup.

bB. Plutcaium Stream

The main problems in werking on a pump in this strsam will be
centered around potential for rapid spread of contamination, potential for
ingestion and criticality considerations. If pump is to b‘ecc':,ained into an

- (~ ’, i
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exterior container, care must be taken that the container is critically
safe for the solution to be drained. (Keep in mind that solids may have
collected in pump which have the effect of making the solution more
concentratecd than the normal stream concentration.) A plastic hut or
tent should be built around the work area to contain the contamination.
The hut or tent should have a separately enclosed exit area for personnel
to use for removal of their outermost protective clothing. The work area
should be papered and cove.~d with plastic. Absorbant paper or absor-
bent pads should be used to collect any drips when pump is opened. If
pr'mp is not in a cabinet under negative pressure, a filtered exhaust
system should exhaust air from the hut or tent in a direction from the
pump and away from the workers., Workers should wear at least adouble
set of clothing and an air-supplied full-face mask with all joints taped.
Serious consideration should be given to using an air-supplied plastic
suit over cne set of basic clothes. Special care should be given to pro-
tecting any cuts or breaks in the skin before protective clothing is put
on. Air samples should be taken both inside and outside of the hut or
tent at several times during the job (or CAM should be used to continu-
ously monitor working zone air within hut). Once pur'p is opened,
exposed s'ufaces should be decontaminated with absorbent pads to pre-
vent contamination from drying out and becoming airborne. At the end

of the job, all exterior surfaces of pump should be decontaminated before
hut or tent is taken down. This job will require continuous health physics
coverage.

S Fission Product Stream

The main problems in working on a pump in this stream will be
centered around high radiation levels and potential for spread of contamination.
Depending on a comparison of man-rem dose estimates for installing and
removing shielding with the reduction in exposure afforded the work crew by
having shielding in place, temporary shielding should be installed on the
pump suction and discharge piping and on other equipment affecting dose
rates in the work area, The work area should be papered and coveresd with
plastic. Consideration should be given to using a simple hut or tent if
pump is in a large room and dose rates will permit construction of the hut
without undue exposure. Absorbent paper should be placed under the pump
to collect any leakage when the pump is ocpened. When the pump is opened,
beta and hand exposures rates must be evaluated (exposurs rates may well
increase by a facter of 3 to 20). Once pump is opened, expcsed surfaces
should be decontaminated with absorbent pads held with tongs to minimiz
hand exzosures. Personnel should wear an air-supplied full-face mask
with at least one set of protective clothing and double rubber gloves with
all joints taped. Consideration should be given to wearing a double set
of coveralls depending on the actual werk to be performed. Air samples
should be taken during the pump opening, and at several times during the



subsequent work. Job should require health physics coverage at the start,
at the time the pump is opened and after the work area cleanup. If conta-
mination levels are very high, continucus coverage might be required once
the pump ‘s opened.

4,

Medical - Exam 20, Question 11

a, Parameters:

K =

T =

WUT

K =

pgdose! (d)z
WUT

0.1 rem/wk maximum permissible dose

2m

(20 pts/day) (5 d/wk)(4 films/pt) (100 As/film)(l m/60sec)
666 mAmin/wk

1/16 for a radiographic installation

1 for a contrelled area

= 41.6

2
-L-%Q%- = 9.6x1073

from the graph: 0,75 mm Pb

b. 200 mR/hr = 3,33 mR/min

= 0,056 mR/sec

Since the average is 100 mA sec per film, the average time at

200 mA is 0.5 sec.

If all 100 pts received 4 chest views, each requiring a2 0.3

sec exposure, the beam-on time at wall A will be:

(100 pts)(4 views/pt.)(.5 sec/v.) = 200 sec/wk

(200 sec/wk)(0.056 mR/sec) = 11.2 mR/wk

The MPD for this area is 100 mR/wk; therefore, 200 mR/hr is

not excessive,

362 ..
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S. Power Reactors - Exam 20, Question 8

a. Total activity builtup on a demineralizer can be calculated using:

“Ci = .“Q%M (l_e')\t)

Where: upCi/min is .he input activity rate =
uCi/ml x 600 1/min x 1000 ml/1

t = 90 days = 1.30(5) min

pCi After
Radionuclide Halflife Almin~l) yCi/min 1-e”® _90 davs
Co-60 5.26y = 2.,76(6) min 2.51 (-7) 2.58 (2) 3.21 (-2) 3.30(7)
Mn-54 313d = 4.51(S) min 1.54 (-6) 2.28 (2) 1.81 (-1) 2.68(7)
Cs-137 30.2y = 1,59(7) min 4.36 (-8) 1.92 (4) .65 (-2' 2,49(9)
Total 2.54(9)
b. The radiation level at 3 meters after a four week decay period can be
calculated by calculating the activity in Ci after 4 weeks and then
using the formula:
6 CE
R = .
Where: R = radiation level in R/hr
cC =Ct
E = MeV/d
d = distance in feet = 9,64
The beta radiation does not enter the picture because of the steel
demineralizer vessel and the distance from the source
t = 4 weeks = 4,07 min.
WO
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Activity After

4 Weeks Gamma  R/hr= %}g-%
Radionuclide &7 £Ct Ci MeV/d :
Ce-80 9.90(-1) 3.27(7) 3.27(1) 2.50 5.07
Mn-54 9.40(~1) 2.52(7) 2.52(1) 8.35(-1) 1.30
Cs-137 9.38(-1) 2.48(9) 2.48(3) 5.61(-1) 62(1
R/hirat3m = 9.26(1)

6. University - Exam 19, Question 10
a. Shielding and distance

Since th2 source is a betu emitter, clear plastic (to minimize
bremsstrahlung production) shadow shielding can be set up to shield an
experimenter's hedy, and short tongs can be used to reduce the dose to
hands and forearms. This quantity of 32p would not require permanent
shielding on all sides nor would remote handling tools be required. Re-
ducing exposure time i3 generally nc* practical, since such labeling ex-
periments generally require fairly long, complex experimental procedures,

b. Shielding

A gamma source of this magnitude would require massive,
permanent shielding on all sides., Neither time nor distance would be appro-
priate for reducing personnel dose, Direct sxposure to the source even forvery
short times could be fatal, and the distance necessary to reduce the dose to a
permissible level would preclude any experimental work arcund the source.

- 21 Time and distance

This source produces a high neutron dose rate ana the particular
operation is to be done only once. Due to the neutrrns, adequate shielding
would be bulky and unwieldy. Such shielding coulc make the transfer so
difficult that personnel dose might actually be increased due to the greatly
lengthened time of erposure. Further, since the transfer is to be done only
once, adequate shielding would greatly add to the cost ¢f the cperation,
Therefore, several practice transfers should be done using 2 simulated source
and leng handling tocls to increase the distance from the scurce., The
practice transfer will serve o uncover any unexpected, particularly diffi-
cult steps and, thus help to reduce the time of exposure to the actual scurce,
Thus, time in conjunction with distance (long han.iling tocls) is probakbly
the best solution t¢ this radiation exr~sure problem.

562 14,
6¢ 129



7. General - Exam 20, Question 3

Dosimeter
A
0.1 rem
20 cm : Surface of back
Belt - E
Ew— 25cm==D+«~ 10cm=C
35¢cm

Given exposure of 0.1 ‘rem at A. Calculate exposure at D

AC = Jzo2 + 352 = 40.31 cm
g = Arctan(zo/;;s) = arctan (0.57) = 29.74°

BC = l0cmxsec® = 11,5¢m, .. AB = 40,31 -11.5 = 28.8cm

12
Neglecting atiznuation, Dose (B) = 49 312 x 0.1 rem
(11.5)

= 1,23 rem

0,693 0,693 wl
e mm——— = —_——— =
n VL 5 0.14 cm

Attn = == = e"BX . -0.14x28.8 _ . 018

Io
Dose (8) = -ljzoa—m"l’“— = 68.26 rem

2
Dose (D) -+ 1’11.0? x 68.26 = 30.27 rem

<
&
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Inspect radiographic equipment to rule out malfunction (radio-

graphic "cameras" usually have a positive indication of source
retraction to the "safe" position). Set up a regularly scheduled
preventive maintenance and monitoring program for the equipment.

Have the radiographer wear a “chirper” or "beeper" alarming
pocket radiation monitor, and/or monitcr the werk area before
re-entry,

Develop standard operating procedures for radiographic equip-
ment usage. Couple this with scheduled periodic refresher
courses and equipmeant checkouts for all users.

Use a portable, radiation activated warning light and/aor audible
alarm in the radiation area during all radiography sessions.

-85«



Sectien 7

Suggested Study References

The following bibliography is intended tc provide the candidate
with reference material related to the general topics covered in the exam.
The Board does not mean to imply that study of these references, only, will
ensure successful performance on the exami-ation. This listing is by no
means complete, and the candidate may need toc consult additional reports,
journals, and text books for informaticn not provided in the references below.

At the same time, the Board does not want to infer that study of
all of these references is necessary to successfully complete the en.mination,
The list is provided as a guide to the type of material which should be stucdied.

Selected Health Physics Bibliography

National Council on Radiation Piotection and Measurements Reports -
Particularly the following:

NCRP Report No. 8 (NBS Handbock 48) Control and Removal of Radio-
active Contamination in Laboratories (1951).

NCRP Report No. 22 (NBS Hanibock 69) Maximum Permissible Body
Burdens and Maximum Permis: ible Concentrations of Radionuclides
in Alr and Water for Occupational Exposure (1959).

NCRP Report No. 23 (NBS Handbook 72) Measurement of Neutron Flux
and Spectra for Physical and Biological Applications (1960).

NCRP Report No. 25 (NBS Handbock 75) Measurement of Absorbed Dose
of Neutrons and of Mixtures of Neutrons and Gamma Rays (1961).

NCRP Report No. 28 (NBS Handbook 80) A Manual of Radioactivity
Procedures (1961).

NCRP Report No. 32, Radiation Protection in Educational Institutions
(1366).

NCRP Report No. 33, Medical X-ray and Gamma Ray Protection fcr
Energies Up to 10 MeV - Equipment Design and Use (1968).

NCRP Report No. 35, Dental X-rav Protecticn (197 .
NCRP Report No. 38, Protecticn Against Neutren Radiation (1971).

NCRP Report No. 39, Basic Radiation Protection Criteria (1371).



NCRP Report No. 43, Review of the Current State of Radiation Pro-
tection Philosophy (19759).

NCRP Report No. 48, Radiation Protection for Medical and Allied
Health Personnel (1376).

NCRP Report No. 49, Structural Shielding Deisgn and Evaluation for
Medical Use of X-rays and Gamma Rays of Energies Up to 10 MeV
(1978).

NCRP Report No. 50, Environmental Radiation Measurements (1976).

NCRP Report No. 51, Radiation Protection Design Guidelines for
0.1 = 100 MeV Particle Accelerator Facilities (1977).

International Commission on Radiation Units and Measurements Reports -
Particularly the following:

ICRU Report 14, Radiation Dosimetry; X-Rays and Gamma Rays with
Maximum fhoton Energies Between 0.6 and 50 MeV.

ICRU Report 17, Radiation Dosimetry; X-Rays Generated at Potentials
of S to 150 kV.

ICRU Peport 19, Radiation Quantities and Units.
ICRU Report 20, Radiation Protection Instrumentation and its Application.

ICRU Report 21, Radiation Dosimetry; Electrons with Initial Energles
Between 1 and S0 MeV.

ICRU Report 22, Measurement of Low Level Radicactivity.

ICRU Report 25, Conceptual Basis for the Determination of Dose
Equivalent.

International Commissicn on Radiaticn Protection Publications - Farti-
cularly the fellowing:

ICRP Publication No. 7, Principles of Environmental Monitoring Related
to the Handling of Radicactive Materials

ICRP Publication No. 8, The Evaluation of Risks from Radiation,

ICRP Publication N¢. 3, Recommencaticns of the ICRP.



10.

11,

13.

14.

ICRP Publication No. 10, Evaluation of Radiation Doses to Body Tissues
from Internal Contamination due to Occupational Exposura.

ICRP Publication No. 10a., The Assessment of Internal Contamination

Resulting from Recurrent or Proionged Uptakes.

ICRP Publication No, 12, General Principles of Monitoering for Radiation

Protection of Workers.

ICRP Publication No. 15, Protection Against Ionizing Radiation from

External Sources.

ICRP Publication No, 16, Protection of the Patient in X-ray Diagnosis.

ICRU Publication No. 17, Protection of the Patient in Radionuclide

Investigations.

Attix, F., et. al., Radiation Desimetry, Vols. I - III, Academic Press,

1968.

ANSI Standards, Nuclear Series, American National Standards Institute,

Inc., New York, NY 10018,

Becker, XK., Solid State Dosimetry, CRC Press, 1973.

Blatz, H., Radiation Hygiene Handbook, McGraw-Hill, (1959).

Cember, H.,Introduction to Health Physics, Pergamon Press, (1969).

Eisenbud, M, Environmental Radioactivity, McGraw-Hill, 1963,

Fitzgerald, J., Applied Radiation Protection and Controls, Vols, I & II,
Gordon and Breach, 13963.

Friedlander, G., et. al., Nuclear and Radiochemistry, Wiley and

Sons, New York, NY

1964,

Health and Safety Laboratory Procedures Manual, (HASL 300), US ERDA,

New York, NY 10014,

Health Physics Journals, Pergamon Press.

Intermational Atomic Energy Agency, IAEA Safety Senes

Inc. New York, NY.

1
-
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18.

16.

X7,

18,

19.

20.

21.

22.

23.

24,

28.

26.

27,

30.

Johns, H,E., The Physics of Radiology, Charles C. Thomas Publisher,
1971.

Lapp, R.E. and Andrews, H., Nuclear Radiation Physics, Prentice-
Hall, 1972,

Medical Internal Radiation Dose Committee, MIRD Supplements,
Society of Nuclear Medicine, New York, NY.

Morgan, K.2. and Turner, J.E., Principles of Radiation Protections,
John Wiley and Sens, Inc., (1967).

Overman and Clark, Radioisotope Techniques, McGraw-Hill, 1960,

Patterson, H. and Thomas R., Accelerator Health Physics, Academic
Press, 1373.

Price, W., Nuclear Radiation Detection, McGraw-Hill, 1964.

Radiclogical Health Handbook, U.S. Dept. of HEW, Public Health
Service, Rockville, MD.

Report of the Advisory Committee on the Biclogical Effects of Ionizing
Radiation, Th cts on Populations of E (o) vels of
Ionizing Radiation (BEIR Report), National Academy of Sciences,
National Research Council, Washington, D.C, 1972,

Saenger, E., Medical Aspects of Radiation Accidents, GPO (USAEC),
1963,

Slade, D. (Editor), Meteorology and Atomic Energy, USAEC, TID-24190,
1968,

Tayler, L., Radiation Protection Standards, CRC, 1371.

Title 10, Chapter 1, Code of Federal Regulations, USNRC, Washington,
D.C, 20555.

United Nations Scientific Committee on the Effects of Atomic Radiaticon,
Ionizing Radiaticn:; Level and Effects, New York, NY 1372,

US NRC Regulatery Guides, Particularily the following: 8.0 Occupa=-
tional Health series, 1.21, 1.101, 7,109 and 4.2.

Wash - 1400, Reactor Safety Study (Rasmussen Repert) Particularily;

Main Repert and Appendix VI (Calculation of Reactor Accident Conse-
guences).
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Section 8
Exam Strategy

The Board believes that it {s an advantage to develop a strategy
for taking the certification examination. We have noted in the past that
candidates have, through a number of oversights and errors, penalized them-
selves heavily, in some cases heavily enough to make a difference between
success and failure on the examination.

While we do not believe that our suggestions, given below, are
the only possible ones on examination strategy, we do believe that they are
sound and that at least they should stimulate the development of a suitable
plan of your own,

PART I

Part I is a multiple choice examination, lasting three hours and
requiring the answers to 150 questions. Some of the answers require calcula~-
tion.

: Budget your time so that you are answering about 1/3 of
the questions in each hour.

2. Begin at the beginning and go through the whole examination,
answering the questions you are sure of, in order. Pass over the
difficult, uncertain questions, saving them until the end. Do not
lose time by getting bogged down on a few difficult questions.

3. There is no penalty for a wrong answer, and therefore, it
is to your advantage tc answer every question.

4. If you are uncertain about an answer, it {s probably true
that your first choice {s the correct answer, Do not change an
answer unless you are certain that the first answer is wrong.

PART II

Part II consists of 16 questions, of which you answer any 7 in
4 hours. These questions may call for both numerical answers {n which s1b-
stantial calculation may be invelved, and short essay-type answers.

When you receive this part of the examination, read through
it in its entirety, then begin to work the questicns which are
easiest for you, Save the difficult questions until the end.

WV
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2. As in Part I, make a conscious effort to budget ycur time.

3. Before beginning to answer a question, read it again care-
fully so that you can be certain you are answering the question
that {s asked,

4, Think carefully about numerical constants and assumptions
that you use. Try to be sure that they are accurate and reasonable.

- Do your best to demonstrate a professicnal approach to the
problems.

6. Organize ‘’our answer in a logical outline form to use as a
check list to assure efficient and complete subject treatment, A
concise, well-organized answer is much nore impressive than a
rambling ten page discertation.

T Re-read the question after completing it to be sure you have

answered ali the portions of the question and have provided all
the infcrmation requested.

Q1=



Section 9

Grading Criteria
Effective September 23, 1977, the Board has formalized the

following grading criteria for the certification examination.

18 Part [ - Taken Alone

Passing Criteria

To pass Part I, the candidate must achieve a score of at least
67 percent on the total exam and on the Fundamentals Section.

A Part [ and II - Taken Tcgether

Passing Criteria

To pass the exam, the candidate must achieve a score of at
least 67 percent on both Part I and Part II.

Failure Upgrading Criteria

Any grade less than 67 percent on either part will be considered
to be a failure of that part. To provide candidates with the opportunity to
raise a failing grade to a passing grade the Board uses the following guides:

a. Give candidates who have scored at least 57 percent
on both Pzt I and Part IT and whose average grade (Part I and II given equal
weight) 1s at least 60, the option to *ake an oral exam or retake the part(s)
failed. (If a candidate repeatedly fails one of the parts, the option may be
removed and the candidate required to take an oral exam.)

b. The Board considers any grade less than 57 percent to
be below the standards for oral upgrading.

- Availability of Performance Infcrmation

Candidates may request their performance {nformation to assist
them in preparing for re-examination.

-QZ-



DEFINITION OF RADIATION PROTECTION TECHNOLOGIST

A Radiation Protection Techaclogist is an individual devoted to the
protection of man and his environment from unwarranted radiation exposure.
This person is engaged in the study of the problems and practices of
providing radiation protection. He is concerned with an understanding
of the mechanisms of radiation damage, with the development ;;é
implementation of methods and procedures necessary to evaluate radiation

hazards and with providing protection to man and his environment from

unwarranted radiation exposure.
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DEFINITION OF A RADIATION PROTECTION TECHNOLOGIST

Health Physics is a profession devoted to the protection of
man and his environment from unwarrantad radiation exposure. A
Radiation Protection Technologist is 2 person engaged in the coper-
ational aspects of providing radiation protection. This individual
is concerned with the basic understanding of the mechanisms of
radiation damage, with the development and implementation of methods
and proceduras necessary to evaluate hazards and with providing
protection to man and his environment from unwarranted radiation
exposure.
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AN IMPORTANT MESSAGE TO CANDIDATES

This guide will help you prepare for the National Registry
of Radfation Protection Technolagists (NRRPT) examination. The
quide, however, will not be the key to a good grade on the examina-
tion. Successful candidates usually start their preparaticn months
before the test. They cover the fundamental and applied aspects of
radiation protection through use of textbooks and joining study
groups. The Board warns against approaching the exam in a casual
fashion.

We believe that all applicants declared eligible to take the
examination, after careful review of credentials, have 2 gocd pro-
bability of passing. You can avoid the disappcintment of poor per-
formance by recognizing at the start that the exam will be a rigorous

test of your knowledge. Your grade will represen:, for the most part,

the thoroughness of your preparation.

Now that you know the key to good performance on the examination,

we wish you success in achieving registration.
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CONTENTS QF NRRPT EXAMIHATION

The examination consists of 150 multiple choice questions
divided into three general categories: fundamentals, measurements,
and operaticnal health physics. Four hours are allcwed for the
exam. MNot all the gquestions in this part are replaced each year.
Consequently, this part of the test is held in strict confidence,
and copies of past exams are not distributed. Questions typical of
those found in the examination are in this guide.

We believe that it will be to your advantage to develop a plan
for taking the forthcoming NFRPT examination. We have noted in the
past that candidates have,through oversights and errors, penalized
themselves heavily, in some cases heavily enough to make the differ-
ence between success and failure on the examination. While we do
not believe that our suggestions given below are the only possible
ones for examination strategy, we do believe they are sound, and
that they should at least stimulate the development of a suitable
plan of your own.

EXAMINATION

The examination is a multiple choice lasting four hours and fequiring
the answers to 150 questions. Some answers require calculation.

1. Budget your time so you are answering about 1/3 of the
questions each hour.

2. Start at the beginning and go through the entire examina-
tion in numerical order answering the questisns you are
sure of. Pass over the difficult questions you are un-
certain of, saving them until the end. Den't lose time
by getting bogged down on a few difficult questions.

3. There is no penalty for a wrong answer. Therefore, it is
to your advantage to answer each question.

4. If you are uncertain about an answer, it is probably true
that your first choice is the correct answer. 0o not
change an answer unless you are certain your first answer
is wrong. .

Further information about the NRRPT program may be cbtained
from the Chairman of the Naticmal Registery of Radiation Protection
Technologists.

Mr. D. Marshall

TRA 667

£G&E Idaho, Inc.

P. 0. Box 1625

Idaho Falls, [daho 83401
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TYPICAL EXAM QUESTIONS

An instrument that gives a direct exposure rate reading resulting
from X or Gamma radiation is a:

quartz fiber dosimeter.
jon chamber survey meter,
fi1im badge.

chemical dosimeter.
proportional counter.

Ul e N -

Typical counting efficiencies of an ordinary (2 =) internal
proportional counter for weightless aipha and beta sources
might be, respectively:

Alsha Beta
1. 10% and 50%
2. 50% and 50%
3. 50% and 65%
4. B5% and /5%
5. 75% and 50%

The maximum permissible dose to the whole bedy of any individual
in a restricted area as stated in the Nuclear Regulatory Commission
ruies and regulations is expressed as rem per:

hour

week

month

calendar quarter
cailendar year

v S W -

In general, the body cells most susceptible *o damage by radiation
are those found in:

highly specialized tissues
rigid or semirigid tissues
muscular tissues

rapidly dividing tissues
gndocrine cissues

U e LD P -
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Which of the following combinations of instruments would make
the best selection for determining the dose at the open beam
port of a swimming pool reactor?

1. Air-equivalent-wall ionization chamber, boron tri-flugride
counter, tissuP-equivalent fast neutron counter.

GeTger counter, boron trifiuoride counter, phosphate glass
dosimeter. >

shielded (50 mg/cm®) ion chamber, moderated boron tri-
fluoride counter, zinc sulfide scintillation detector.

quartz fiter clectroscope, methane recoil protun
counter, Geiger gounter.

shielded (50 Mg/Cm™) ion chamber, methane recoil proten
counter, zinc sulfide scintillation counter.

[P R

Which one of the following instruments is least useful as a
basis for detecting and measuring a neutron fluence?

. proportional counter
. jonization chamber
fission chamber

. scintillation counter
8F3 Geiger counter

U 5B W -

Proportional survey meters are often preferred to Geigar-Mueller
survey instruments in surveying for alpha contamination because
they:

1. are more sensitive,

2. have no 'window' through which alphas must pass.

3. need less voltage.

4. are able to discriminate against beta and gamma radiation.
5

T

. are less energy dependent.

wo atomic species are referred to as isotopes if they have
the same: ‘

1. atomic number but a different mass number.

2. atomic weight but a different atomic number.
3. mass number and atomic number but different
4

radicactive properties.
. number of neutrons but a different mass number.
§. mass number but a different atomic number.

In picocurie of any radicactive substance, the disintegratiocn
rate is:

2.22 OPM

1.

2. T3 x To® oeM
3. 37,000,056 OPM
8. 3.7 x 107.0PS
5. 3.7 x10'Y pps
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Jo aid in reviewing for the exam by either home study or organized
training courses a General Outline of the three catagories, (Funda-
mentals, Measurements and Operational) 1is supplied. Also included
a list of suagested reference books. This list does not by any
means cons®’ :ut2 the complete reference material outline.

GENERAL QUTLINE

1. FUNDAMENTALS

Radiation Sources

Natural Background
Man-Made

Principles and Fundamentals of Radiation Sources

Atomic Structure
Radiation and Radioactivity
Radiation Generating Equipment

Interaction with Matter (Icnization)

Particulate
Electromagnetic (Scattering, Filtration)

Biological Effects

Units of Dose
Acute Effects
Chronic Effects

General (Broad Coverage Topics)

Fundamentals of Radiological Health
Specialized Topics
Beneficial Applications of Radiation

Basic Relatad Science

Chemistry

Physics

Biology (Bacterictogy. Nursing Care, Fhysiology, Anatomy)
Electronics .

Engineering, Mechanical and Civil
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II.  MEASUREMENTS

Detection and Measurement Instruments and Devices

Basic Theory - Detectors
Basic Theory - Readouts
Calibration

Maintenance

Use

Applications

Exposure Evaluation

Techniques for External Sources
Techniques for Internal Sources

Environmental Surveillance and Sample Analysis

Analysis of Gross Activity
Analysis for Specific Radionuclides

III. OPERATIONAL

Exposure Evaluation

Guideiines
Effects and Behavior of Radionuclides

Protection and Shielding

Basic Principles

Radiation Generating Equipment
Radicactive Materials

Nuclear Reactors

Reactor Safety and Hazard Evaluation

Reactor Theory and Control {Critical Mass)
Fission Product Inventories

Hazard Evaluation

Routine Qperations

Transportation

Fuel Production and Preparaticn

Radioactive Waste Managament

Gases and Particulates
Liquids
Solids

362 3,4



Surveys and Inspections

Radiation Generating Equipment
Nuclear Reactor Operations
Radionuclides Users

Environmental Surveillance and Sampie Analysis

Sampling Procedures and Equipment
Existing Levels and Data Interpretation
Environmental Sources

Nuclear Emergencies

Sources and Types of Accidents

Emergency Exposure Guides

Public Relation and Administrative Aspects
Medical Aspects

Hazard Liability

Aerospace Muclear Safety

Radiation Protection Guides, Regulations and
Recommendations, Legisiative Power




APPENDIX A

Home Study Aids

Radiation Monitoring, EOM 123.

ERDA Technical Information Center

P.0. Box 62
Oak Ridge, TN 37830 Single copy - $3.70
(make checks payable to ERDA) 25 or more - $2.50

Radiation Safety Technician Training Course, ANL 7251, Rev. I, H. J. Moe,
S. R. Lasuk, et al.

National Technical Information Service
U. S. Dept. of Commerce

5285 Fart Royal Road

Springfield, VA 22161 (est. $6.00/copy)

Atomic Radiation, Theory, biclogical hazards, safety measures,
treatment of injury. 110 pages

R.C.A. Service Company

Government Services

Bldg. 204-1, Cherry Hill

Camden, NJ 08101 (post paid $3.00)

Atomic Radiation, Part II, Monitoring, radiation protection,
radiocactive shipment, waste disposal. 110 pages

R.C.A. Service Comgany

Government Services

Bldg. 204-1, Cherry Hill

Camden, NJ 08101 (post paid $5.00)
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11.

12.

13.
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APPENCIX B

Reference List

Morgan, K. Z. and Turner, J. E., Principles of Radiation Protection,
A Textbook of Health Physics, John Wiley & Sons.

Cember, Herman, Intrcduction to Health Physics, Pergamon Press, 1969.

NCRP Report #39, Basic Radiation Protection.

NCRP Report #45, Na:.-al Radiation Backaround in the United States.

Radiological Health Handbook, DHEW, PHS. Revised Edition, January 1970.

Blatz, Radiation Hygiene Handbook, McGraw-Hill, 1959.

Chase, G. D. and Rabinowitz, S. L., Principles of Radicisotope

Methodolegy, 3rd Edition, Burgess Publishing Company,
Minneapolis, Minn.

Shapiro, Jacob, Radiation Protection, Harvard University Press,
Cambridge, Ma.

Hurst, M. S. and Turner, J. E., Elementary Radiation Physics,
John Wiley & Sons, New York, N. Y.

Glasstone, S., Sourcebook on Atomic Energy, Van Nostrad and
Reinhold Company, New York, N. Y.

Casarett, A. P, Radiation Biology, Prentice-Hall, 1868.

Lapp, R. E. and Andrews, H. L., Nuclear Radiation Physics,
Prentice-Hall, 4th Edition, 1972.

Frankel, Robert, Radiation Protection for Radiclogic
Technologists, McGraw-Hill, 1976.

Eisenbud, Merril, Environmental Radicactivity, McGraw-Hill, 1963.
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Nathaniel A. Greenhouse, Jr. (1982) Charles E. Roessler (1981)

B-535
Brookhaven Naticnal Laboratory
Upton, NY 11973

Phone: (516) 345-4207

William R. Hendee (1983)
Department of Radiology

University of Colorado Medical Center

4200 East Ninth Avenue
Denver, CO 80262

Phone: (303) 394-7817

David S. Myers (1981)

L-383

Hazards Control Department
Lawrence Livermore Laborator:
P. 0. Box 5505

Livermors, CA 94550

Phone: (415) 422-5143
FTS 532-5143

Carlyle J. Roberts (1875)
EIS Bldg. 10

Argonne National Laboratery
Argonne, IL 60439

Phone: (312) 972-3124

525 NE 4th Street
Gainesville, FL 32601

Phone: (904) 392-0836

Michael S. Terpilak  (1980)
DHEW/Public Health Service/FDA
Bureau of Radiological Health
12720 Twinbrook Parkway Room 1308
Rockville, MD 20852

Phone: (301) 443-3426
FTS 443-34256

Shirley D. Vickers (1980)

Catholic Medical Center of Brooklyn
and Queens

88-25 153rd Street
Jamaica, NY 11422

Phone: (212) 251-3300
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AMER ICAN BOARD OF HEALTH PHYSICS
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W. 0. Burnett (1979)
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Phone: (505) .c4-2735
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Department of Radiology

Baylor College of Medicine
Houston, TX 77079

Phcre: (713) 790-4416

W. R. Casey (1981)
Building 535

Brookhaven National Labaratory
Upton, NY 11873

Phone: (516) 345-4207

J. T. Denovan (1980)
1221 N. VYolland
Kennewick, WA 99336

Phone: (509) 942-5935

R. J. Everatt (1982)
2517 Glassboro Circle
Arlington, TX 76015

Phone: (817) 334-3476

R. M. Hail (1980)
P. 0. Box 11
Jackson, SC 29831

Phone: (802) 725-2466

K. R. Kase (1981)
9 Longfallow Road
Wayland, MA 01778

Phone: (617) 732-3593

J. 0. Lubenau (1978)
4868 Chevy Chase Boulevard

Chevy Chase, MD 200Q15
Phone: (301) 492-7767
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AMERICAN BOARD OF HEALTH PHYSICS
Power Reactor Health Physics Examination Board

Richard Bowers, Chairman
Wil iam O. Allen, Vice-Chairman

William D. Allen (1982)

P. 0. Box 457
Berwick, PA 18603

Fucne: (717) 758-2867

Richard R. Bowers (1981)

Rt. 1 Box 100
Leesburg, VA 22075

Phone: (301) 948-7G10
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Route 1 Box 119
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Phone: (501) 968-2519
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115 Meadow Lane
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424 Edken Avenue
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Phone: (5609) 693-1951

Farv:y F. Storey (1984)
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Miami, FL 33172

Phone: (305) 552-45%2
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New Brighton, MN 55112
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Frazier Bronson (1979)
2647 North Prindle
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Phone: (312) 648-1838
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Cancer Center
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Box 466
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54 Allandale Road
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T. Jordan Powell (1981)
Lawrence Livermore Laboratory
P. 0. Box 5505 L-383
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FTS 532-5131

Lester A. Slaback, Jr. (1980)
Armed Forces Radiobiology Research
Institute
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PROFESSIONAL RESPONSIBILITIES OF HEALTH PHYSICISTS

CERTIFIED BY THE AMERICAN BOARD OF HEALTH PHYSICS

1 achieving certification, the Certified Health Physicist recognizes and
assumes responsibilities to the profession of Health Physics. In order !
mair:3in his technical comgetence, the Certified Health Pnysicist has
commitment to remain active and acguainted with the scientific, technical
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professional integrity of Health Physics implied in this certilicatien M
re!aticns with others, including clients, colleagues, governmental agencies,
and the ger 2ral public shall always be based upon and refiect the highes
standards of ethics and integrity.
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American Board Of Health Physics

March 1978

Dear Colleague:

Enclosed for your information is material concerning the Continuing
Certification Program. The following information is enclosed:

(1) General Policies and Procedures

(2) Guidelines for the ABHP Continuing Certification
Program

(3) Applicaticn for Renewal of Certification
(4) Application for ABHP-CEP Course Approval

Inquiries concerning the Continuing Educaticn Program should be made
to the following individuals:

(1) Inquiries concerning education credits for courses and
related activities should be directed to:

Lester slaback
AFRRI NNMC
Bethesda, Maryland 20014

(2) 1Inquiries concerning ccntinuing certification of individuals
and applications should be directed to:

Carlyle J. Roberts

Division of Environmental Impact Studies
Buildiag 10

Argonne National Laboratory

Argonne, [llinois 60439

ion submitted to L. Slaback should be summarized in ¢
10t to exceed 5 pages. If mcre tham 5 pages are requi
individual and/or organization should provide 8 additicnal

ing documenta-
3 language

A formal newsletter summarizing the previous year's activities will
be transmitted in April.

Thank you for your continued support of ABHP activities.

=
Michael S. Terpilak
Secretarv-Traasurar Q
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American Board Of Health Physics

Ma=o to: Cerzified Health Physicists
frot: €. J. Roberts, Vice Chairman, ABHP

Subject: Continuing Cercification Prograz

nis is a status report on the Continuing Certification (or recertification)
Prograz of the Anerican Board nf Health Physics.

The program had a lengthy gestaticn period which included an open discussion

of continuing certification at the Annual Health Physics Society meeting

in 1975 and invitaticns* to all CHP's for comments concerning the Board's
evoiving proposals. As a result of this extended dialcgue the Board diplomates
did reach 2 corsensus on guidelines for a continuing certificaction program.
These guidelines, formally adopted by the American Board of Health Physics

at its meeting on June 27, 1976, are enclosed (see Attachment 1).

At its San Francisco meeting last June, the Board also appointed the
Centinuing Education Panel called for by the guidelines. The panel is chaired
by Roger J. Cloutier (see Attachment II for complete mezbership list). The
responsibilities of the Panel include establishing standards for approval of
courses to meet ABHP continuing education requirements.

Although the Panel is not ready to publish a general set of standards for

use by potential spomnscrs in organizing acceptable courses, it is in the
process of approving certain refresher courses to be given at the 22nd Annual
EPS ceeting in Atlanta, July 3-8, 1977. As scon as these arrangements are
completed the details will be anncunced in the HPS Newsletter, and in the
program for the Atlanca mesting. As many as 6 hours of lecture may be approved
for credir. Since the refresher courses have 'been scheduled in pairs, anyone
at the Atlanta meeting will be able to attend up to three hours of approved
lectures. A total of 16 contact hours of lectures and dermoastrations in
advanced health physics topics is required during each renewal period, including
she initial one which ends on December 31, 1981.

Tae 30ard expects to publish general standards for approval cf continuing
educaticn courses scon after the Annual HPS meeting. Applicaticns for renewzl
of cercificacion also will be available at that time, although it will not de
sossisle for CHP's to apply until they have accunulaced the required credits
£for atsendance of approved courses.

Pleass lat me know if vou have questions or comments conceraning the centinuing
cerzificacion progran.

C. J. Rober:s ?hone:
CEA~1S5 312-733=7711
Argonne National Laboracery Ex:. 2211
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AMERICAY BOARD OF HEALTHE PHYSICS

CONTTNUING CERTIFICATION PROGRAM

Renewal Period

Ia the five-year period beginning ca January 1, 1977, and during each four-
year period thereafter, each Cercified Health Physicist shall renew “is
certification. Individuals certified aftsr January 1, 1977, shall renew
their certification within each four-year period starting on January 1 in
the year after certification is awarded.

Exdlanatory Note: Present Certified Health Physicists would be required
€O renew their cer*ification before January 1, 1982. The next renewal
deadline would be January 1, 1986, For example, an individual may choose
to be recertified in 1977 and he may wait until 1985 before the next
renewal.

Extension of Renewal Feriod

The ABHP may c<xtend the renewal interval, upon request . en an individual
cannot meet the requirements because of sickness, fore'- ‘esidence or
other unusual circumstances.

Explanatory Note: This flexibility is provided to allow the Board to grant
extensions when necessary. These cases should be infrequent.

Recuirements for Con:inuing Certification

To renew his certification a dipicmate shall remain active in the professicn
©f health physics and keep abreast of new developments in the profession.
Demenstration of these requirements shall be provided through the following
steps that shall be accomplished during the renewal period:

a. Submission of an Application for Renewzl of Certification.
b. Attendance at ABHP-3pproved continuing educiition courses.

€. Submission of further documenzation to verify professional respemsibil-
ities and activities may be required by the Board.

Exzlapatzzy Notes:

2. The Application for Renewal of Certifica
information about the diplomate's orofes nal activities during the
past four years. The form will be similar =o the original application
for certification. The application will also include a reaifirmation
that the i{ndividual is £4lfilling the Professional Responsibilities of
fied Haalth Physicise.

cn will provide the 3card with
y

.

5. The continuing education resuiremens will be met by attendiag professional-
level courses approved by the A3WHP. During the renewal pericd, each
nd a z

diplomate shall atten

18 contact aours of lectu demons

physics tepics. MNo course exac nati%p? Wi
)
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sponsored by anv orgarization. Each course nst be approved by the

ABE? prior to attendance. Approval may be requested by sponsors of
courses or by individual Certified Health Physicists. The Board will
establish 2 Panel on Continuing Education to arrange and accredit courses.
Lecturers at an ABHP-approved course wil)] receive appropriate credit
depending on the extent of their participation. Whenever practical, the
ABHP will announce the approved courses in advance through selected
publicaticns; however, the spomsoring organization will have the primary
responsibility for course announcements.

¢. If the Board cannot determine through a review ~{ the Application for
Renewal of Certification that the applicant is actively engaged in the
profession of health physi:.s at least 25% - his/her working time and
fulfilling the Professional Responsibilities of a Certifisd Health
Paysicist, the Board may require the applicant to submit reports or other
documentation and letters of reference to assist the Board in its review.
These cases should be infrequent.

Classification of Certified Heclth Physicists

There shall be tiiree classes of Certified Health Physiciscs:

Cercified Heal.h Physicist: This class shall consist of all diplomates who, in
the judgment of the Board, meet the requirements for recertification. These
individuals shall be included in published listings of Certified Health Physicists.

Certified Kealth Physicist - Emeritus: This class shall include Certified Health
Phvsicists who have retired from full-time professional activity. These individ-
vals shall be included in published listings of Certified Health Physicists with
the Exeritus designaticn.

Certified Health Physicist ~ TInactive: This class shall consist of 2ll fndivid-

vals who, in the judgment of the Board, do not meet the requirements fcr con-
tinuing ¢ercification. These individuals shall not be included in the published
listings of Certified Health Physicists. At any future tizme, an i: ‘ividual in
this class may regain active status upon completion of the requirements for
renewal of certificaiicn.

Explanacory Notes:

3. The Emeritus status will be awarded, upon request, to Certified Health
Physiciscs who recire from full-time active participaticm in pro-
fessional activities because of age or health requirements.

5. The Inactive status will, in most cases, result from individuals
changing disciplines. For several reasons, the Board chocses to place these
individuals in an Inactive status rather than revoke certification. The
gost compelling reasen is that legal action may be initiated to prevent
revocation of cercification. Although the Bearu is confident that its
judgeent would be upheld, the Board prefers to use its limiced resources to
furcher the certzification program :ather than expend tnem in legal pro-
caduras.

562 175



v. Renewal Fee
The renewal fee shall be $20.

Explanatory Note: The fee for renewval of certification will be paid at the

tize the Application for Remewal of lertificatiocn is submicted. 1In addition,
organizations that spensor continuing education courses may charge a regis~
tration fze for the courses. The Board will encourage these organizations to
establish the registration fees at a reasonabla level, Preferably, these

fees should only reimburse the sponsoring orgenization for the expenses incurred
in the adminis.ration of the course.

VI. Appeals

Individuals shall have the right to meet with the Board and appeal any decision
made by the Board that affects ~heir certification status.

CONTINUING EDUCATION PANEL

Chairman: Roger J. Cloutier

g A ———— - —— - —————. . —— - —— . ————

Vice-Chairman:

Term Expires 1977

Donald E. Barber

815 22nd Avenue, NW
New Brighton, MN 55112
(612)373-8080

Term Expires 1978

Roger J. Cloutier

Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, TN 37830

(615)483-8411 X 263

FIS: 850-40642

Term Exzirzes 1979

‘razier Broascn

2847 Norch Prindle
Arlingtor Heignts, IL &0C06
14.-)‘00-3300 (work)
(312)235=7076 (home)

4
w

ra Expires 1980

erc L. Jur :ins
<iatiocn !anagement Corporaticon
te aOO, Science Center 3ldg. #2
5u3 nC' Street
ndll
213)

Robert L. Junkins

T. Jordan Powell

Mail Code L-518

Lawrence Live-more Laboratory
Livermore, CA 94550
(415)447-1100 X 3822

FTS: 457-3822

Jean St. Germain
Departzent of Medical Paysics

Memorial Sloan-Xettering Cancer Center

1275 York Avenue
New York, NY 10021
(212)794-7330

Francis J. Raughey
Radiation Science
Busch Campus

Rutgers University

New Brunswick. NJ 08903
(201)932-2551 or 2582

Lester A. Slabzck, Jr.

Ar- ed Forces Radiobiology Research Ins:itute

Defeanse Nuclsar Agency
8ethesda, MD 20014
(202)295-1285
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American Board Of Health Physics

CONTINUING EDUCATION PANEL

Ceneral policies and procedures,

A. In ovder to qualify for credit toward meeting the continuing education
requirements o’ the American Board of Health Physics (ABHP) all courses and
other activities must be approved by the Continuing Education Panel (CEP).
Applicatior for approval may be made directly to the Chairman of the CEP by the
course sponsor or a participating f:rtified Health Physicist (CHP). Appli-
cants are urged to submit their reguests far enough in advance that a decision
can be made by t'- Panel and announced before the course begins; however,
the Panel wili ac.ept without prejuciice (applying their usual approval criteria)
all applications received within ninety (90) days after an event has concluded.
Applications must be in the form specified by the Panel and be complete in
all respects.

B. 1n the .ontext of this document, a "continuing education course” is
a program _hat is formally organized, is offered within a specific tirme
period, covers preselected topics and is given by &, < fied individuals. Only
that porticn ¢® a program which relates rather directly to health physics
and contributes to the technical competence of tne CHP will be approved.
Related Subjects are *b.se that are used directly in health physics but are
not usually designatu .« as health physics courses. Examples of these might be
statistics, meteorolog® as applied to environmental dose assessment, reactor
coolant chemistry and r.i'ation genetics. The Panel will evaluate each course
on the basis of centent, .nstructors' qualificntions, degree of student involve-
ment and schedule. Atts: weighting these factors according to an established
formula, it will assign eaich course a nurber of continuing educations credits
which may be less than tlie mumber of contact hours.

C. The following activities have been reviewed by the CEP and approved
for continuing education credit without specific application by individual
CHP's. These approvals are exclusive of any addirional education credits that
migh* be earned by attending specific erents at these meetings.

(1) Attendance and participation at the annual Health Physics Society
meeting shall receive one conténuing education credit per day with a limit of
three (3) credits per meeting.

(2) Attendaace and participation at the HPS Midyear
shall receive cone continuing educati.a credit per day with a
credits per meeting.Z2

Topical Symposium
imit o

e

D. Course sponsors Or organizers are strongly encouraged to provi
certificates of attendance or other forms of recogniticn o the atlsnd

———— e — = -

.
“As an exception, applications for aprroval of continuing education activities

o ot A _ e dTT R’ ’ -~ § + 3
concluded any time cduring 1977 will be accepred thruugh April 1, 1978.

"
-

L

The ABHP will accept a maximum of 8 CEC's acquired through attendance at these
"1

meetings toward the required total of 15 credi
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GQUIDELINES FCR THE
AMERICAN BOARD OF HEALTH PHYSICS
QL TINUING CERTIFICATION PROGRAM

Renewal Period

In the five-year period beginning on January 1, 1977, and during each four-year
period thereafter each Certified Health Physicist shall renew his™ certifica-
tion. Individuals certified after January 1, 1977, shall renew their certifica-
tion within each four-year period starting on January 1 in the year after
certification is awarded.

Explanatory Note: Present Certified Health Physicists would be required to
renew their certification before January 1, 1982. The next renewal deadline
would be January 1, 1986. For example, an xndlvxdual may choose to have his
certification renewed in 1878 and he may wait until 1985 before the next renewal.

Extension of Renewal Period

The ABHP nry extend the renewal interval, upon request, when an individual
cannot mee: the requirements because of sickness, foreign residence or other
unusual circumstances.

Explanatory Note: This flexibility is provided to allow the Board to grant
extensions wnen necessary. These cases should be infrequent.

III. Requirements for Continuing Certification

To renew his certification a diplomate shall remain active in the profession
of health physics and keep abreast of new developments in the profession.
Demonstration of these requirements shall be provided through the following
steps that shall be accomplished during the renewal period:

a. Subm.ssion of an Application for Renewal of Certification.

b. Attendance at ABHP-approved continuing educition courses, or other
approved activities.

¢. Submission of additional information to describe and verify his continuing
professional responsibilities and activities if requested by the Boarc.

Explanatory Notes:

a. e \p”l‘:&;l:r .cr Renewal of Cersifi-ation will prav1de the Board with
information about the diplcmate's gsional activities since his

Y

T

;revious applica::: nas suoms * form will be similar to the
original application fer ce ) The application will also include
a reaffirmation that the ’ oty uwl£illing the Professional
Responsibilities of a Cerm - - Physicist.
*  Throughout this document the conventicnal masculine proncun is used when collective
members of both sexes are referred tu. thus, his = his/her.

s

o
-
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IV. Classiiication of Certified Health Physicists

There shall be three classes of Certified Health Physicists:

Certified Health Physicist: This class shall consist cf all diplomates who, in
the judgment of the Board, meet the requirements for recertificaticn. These
individuals shall be included in published listings of Certified Health
Physicists.

Certified Health Physicist - Emeritus: This class shall include Certified
Health Physicists Wno have retired from active professional practice. These
individuals shall be included in published listings of Certified Health
Physicists with the Emeritus designation.

Certified Health Physicist - Inactive: This class shall consist of all
Individuals who, 1in the judgment of the Board, do not meet the requirements

for continuing certification. These individuals shall not be included in the
published listings of Certified Health Physicists. At any future time, an
individual in this class may regain active status upon completion of the
requirements for renewal of certification. The necessary 16 CEC's must have been
earned within the span of four consecutive calendar vears including the year in
which applicaticn is made.

Explanatory Notes:®

a. The Emeritus status will be awarded, upon request, toO Cert;fied Health
Physicists who retire from active participation in professiona.
activities because of age or health requirements.

b. The Inactive status will, in most cases, result from individuals
changing disciplines. For several reasons, the Board chooses to place
these individuals in an Inactive status rather than revoke certification.
The most compelling reascon is that legal astion may be initiated to
prevent revccation of certification. Although the Board is confident

hat its judgment would be upheld, the Board prefers to use its limited
resources to further the certification program rather than expend them
in legal procedures.

Renewal Fee

The renewal fee shall be 320.

-

Exolanatorv Note: The fee for renewal of certificaticn will be paid at the
Time the Application for Renewal of Certification is submitted. In addition,
organizations that sponsor continuing educaticn courses may charge a registration
fee for tie courses. The Board will encourage these organizations to establish
the registration fees at a reasonab’ * level. Preferably, these fees should
onlv reimburse the spenscring organization for the expenses incurred in the
administre<ion of the course
[. Appeals
— e
divi shall have the right to meet with the Board and appeal any decisicn
naivi S 2 _ 53 )
made by the Board that affects their cartification status,
7 ! 1 ‘ "
‘ ,
‘) oL [_ ] J



AMERICAN BOARD OF HEALTH PHYSICS

Application Fur Renewal of Certification

INSTRUCTIONS Application for:
1. Type or print in block capitals. Initial Renewal
2. Submit oaly one copy. Later (specify 2nd, 3rd)

3. 1If space is inadequate for any answer, Emeritus Status
. use extra sheet of paprer and number
items to correspond with items as listed.

Date
of
1. Name 2. Birth
(last) (first) (middle)
3. Home Address
4. Business Address
5. Send mail to: home address O Home Telephone Number
business address (J (incl. area code)

Bus. Telephone Number

6. Year of origiral certification by ABHP

7. ABHP/CEP-approved continuing education courses attended during current renewal period.

Course where Dates CEP Approval Cont. Ed.

Sponsor Title Offered From To  Certificate No. Credits
a.
b.
c.
d.
e.

8. Other ABHP-approved continuing education activities during current renewal pericd.

Dates Cont. Ed.
Description of Activity Where Offered From To redits

a.
b.
<. L;;'“A V. )
. 204 I/ T
2.

't . o] ! 1 - - s ! - - . E 1A - . , - T
sote! 20 not submit 3pplicdation untili a minimun Of 1O contiinuing education credits
. ' - H o ) {1 - s . : -
nave been earnec witiiln your current renewll period.



9. Academir [egrees Attulned:

Years of
Institution ‘wjor Minor Full Artend. Deogrse Year
5.
b.
&

10. Additional education and training related to health physics (except as listed

in 7 and 9) since you were certified or since last renewal.

Institution Title of Course

Dates

Length of Course From To

11. Present position. Describe in your own words. Do not use official job descrip-
tions. We are particularly interested in your health physics activities.
Describe any previous positious with present employer in item 12.

Cate Assigned 1o Position: Nama of Empioyer:

Place of Employment:

Name and Title of Immediate
Supervisor:

Exact Title of Present Position

Qescription of work . Include major responsibihity and specitic fieids

Percent of time in health physics work




12. Previous positions held since you were certified or since last renewal. Start
with most recent r=ition and work bac!:. Erphasize those portions of work that
are healin physics or closely related. Employver may or may not be same as in

item 11.
’
4
Cate of Employment: Name of Employer. Place of Employment: |
From: To:

Exact 1itla of position:

Oezrigtion of work. Include major responsibiiity and specific fields

Percent of time in health physics work

Qate of Employment: Name of Employer: Place of Employment:

From: To:

Exact ntle of positica.
Qescription of work . Include major resgonsibility and specific teids

Percent of time in health physics work




13. Describe any other professional heulth physics activities, such as conmsulting,
in which vou have enimuge: in the past five years, or since your last renewal.

14. Current Professional and Technical Society Membership:

Name of Organization Year Joined Type of Membership Office Held

15. Special Achievements:

a. Citations or other awards:

. . - £5 en ., = ~ Taes ;Y s
b. Committee Activities (mast five years Or sincCe last rTenewal):



16. Communication (within past five years or since last renewal):

a. Books and journal articles published

b. Technical papers read at meetings

¢. Technical reports, memoranda or similar documents (include a small
but representative sample if possible).

d. Other speeches and lectures related to health physics

562 175



P
~1

Categories of Competence.

Selaect the categories ia th~ list below in which
at this time to function as a Certified Health Physi
orger of your proficiency. (1 for your first choice

Industrial Radivgraphic Installations

\ledical Radiographic and Fluoroscopic Installations
Radiotherapy Installations

Radionuclide Laboratories

Enviornmental Monitoring

Other (specify)

Cist.

vou feel you are corpetent

Rank these in the

2 for your second, etc.).

18. Professional References:

Nuclear Power Reactors
Nuclear Fuel Cycle Facilities
Accelerators

Radiological Engineering
Regulatcry Programs

Other (specify)

name and address of at least two persons other than

your supervisor who are qualified to evaluate your hezlth physics competence.
If possible, at least one reference should be a Certified Health Physicist;

do not use a Board or Panel member as a reference.
only in exceptional cases where the Board needs additional information.

References will be consulted

I certify that the statements above (including any attachments I have submitted
hereto) are, to the best of my knowledge, accurate, and I understand that any
falsification of inforrmation in this application will be cause for rejection
of the application or withdrawal of a certification already made.

19.

Signature (in ink)

Statement Concerning Professional Responsibilities of Certified Health Physicists

In order to maintain his technical competence, the Certified Health
Physicist has a commitment to remain active in the field of health physics
z3d acquainted with the scientific, technical and regulatory developments

in his field.

In order to uphold the professional integrity of health physics implied

in this certification, his relations with others,

govermmental agencies, and the general pu
Certified Health Fhysic
by his peers.

By my signature,

I verify that I
Responsibilities of a th

Certified Healt

Date:

a2 and have inclucded a check,
art to the Anerican Board o
;. Roberts, F.I

~ g "
send O L. u.

elf as an authori

This application is not complete unless you have sign-< your name
for the renewal of certificatio
Health Physics, 1" the amow

0, Argonne Nat

illing the Professiona

including clients, colleagues,
publ ic snall always be based upon
and reflect the highest standards of professional ethics and integrity.

ist shall represent Rhin
areas in which he has extensive experience and in which he is considered e

The

ty only in those

-.-

L

=J
O

562 1
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Lab., Argonne, IL 60433



. Tratitution:
2. Address:
3. Peason Responsible: Phone { )
4. Counse Title: 5. Cournse Date:
6. Instructon(s) (Attach resumel(s)):
7. Counse duraticn (Lectuse and fab time), schedule and outsdide prep requirements:
§. Cournse descriplion or oulline:
9. Texts/Suppl. Info:
10. Prercquisiites:
11. Relationship 2o Health Physics
12. Certigicate of course completion fo be awarded: Yes HNo (Cinele)
13.” Tentlfication:” This 43 an accuratle descripiion 0§ the above named course
or progrn.
Signatune
Name
Title
B ARt s o e e i, 5 T 0 M £t O e g PR PR N
Nare Phone | )
Address
Purpese: For approval gon ondy my atteadance

For Official Use
APPLICATIVON FOR ABHP-CEP CQURSE APPROVAL Appl. lo.

Date Rec'd

For inclusion with publesily jon Tals Tradladng
Other Apecijy:

Date by which approval is reguired

‘




hotes on Application foa Couwrse Approval 4fon
Credit Towards ASHP Condinuing Cerlljdcation

1. Orgaadzation on Anstitution sponsonding and/ot orgauizding s Lralndng.
2. Adduess of Lthe above <mstitulion.

3. Indiuidual hncwledseable in the deladls of the makeup of s educa-
Lion (£.e., the infonnation asied jor on s goun] and wno can be con-
Lacted gon jurther Ligonaalicit.

4. Full e, including subiitles.

5. Siarting and ending dates. Repetitions over & fwo (2) yewr Time
Apan may be specdiiied.

6. Individualls) presenting the training. The resume shouli enphasize
his qualifications to present this course as well as any relevant health
phys<cs background. The instrwucton's {nvolvement in tne desigr and pre-
paration 04 the course should also be detailed.

7. Toial time (hrs) and Zime presentation scheme (2.3., § s, pen day,
3 hours per day). ldentify separately the number of hours of Laboratony
on “ﬁ exerccses and oulside preparation expected Lo be perfoumed by
the student.

§. As detailad as possible with empnasis on relevance Lo health physdics.
As a minimun include major subject areas and the relative porticn of
the course or training devoled to each area.

9. Also identify arexs of required supplemental reading.

10. Both with regard Lo entry Lo the course and with regard fo the stu-
dent bachground assuned in the design 0§ the course. Speciiically, 45
the cournse desdigned for experdienced healtn physdeisis?

11. Show how this course relates Lo health physics Lf 4t 48 not obvious
based on the course deserdpiion ox how Lt is 0f particular value Lo this
apnlicant where specijic approval is being requested.

12, Please indicate 4§ a personalized certificate or some othan noiice
04 course completion ox Levil of performcnce shall be given Lo the stu-
dent or attendees. This 48 strongly encowrrged as means of assisting
the ABHP in its continuing centijication reviaw process.

13. By nepresentative o0f crgandization Ldentiided 4n 1 4§ request 4
other Lnan {rem an individuzl C.H.P.

14, This 48 the {ndividual o whom Lthe approval will be dent windess
otheuvise indicated. PLease indicate the ~ason for submiltiing this

appliczlon,

15. Please alluw at laasl six (6] weehs jor ABHP-CEP rouviaw. .
. » - L ’ - ’1|
Send application o: Lester A. Slaback, Jr. \ \\E)
Armed Forces Radisbiology Research Institute 'L
WNMC - Building &2 10
Bethesda, i10 20013 ‘



American Board Of Health Physics

CONTINUING EDUCATION SANEL
Armed Forces Raaiobiolcgy Research Institute
National Naval Medical Center - Bldg. 42
Bethesda, Maryland 20014

Education Approved for Credit Towards
ABHP Certification Renewal

1. The attached list includes all 1978 and 1979 courses approved through
1 February 1979.

2. The list of 1977 courses is available upon request.

3. The list does not include the mid-year topical sympesium in the
annual HPS conference for which approval has been separately granted.

4. Also not included is the approval for the 1977 [RPA meeting.
Approval was granted for attendance at this mesting on the same basis as
the HPS meetings and subject to the same © zontinuing education credits
limitation. See the 1978 ABHP newsla2tte. , fur additional details.

5. Assigned credits are based on the information provided by the
applicant. Because of differences in det2i! provided a direct comparisen
of credits assigned cannot be made since the credits assigned a
particular course may not reflect the absolute maximum achievable. This
also infers that an individual may be atle to obtain more credit for a
particular course by submitting a more detailed application after
attending the course (but within the 90 day rule). While this latter
point may be true it is suggested that the Chairman of the CEP be
contacted prior to such a submission in order to avoic¢ unnecessary
duplicate apglications.

- % Fd

L~ A N2 A

v 2 o
afpa,JéZ{\ﬁka<éh;4{fwﬂ

LESTER A. SLABACK, Jr?
Chairman
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COURSES APPROVED BY THE CONTINUING EDUCATION PAREL

Ah
Certificate No. Title Sponsor/Location Date Assigned CLC
1844 Preparation Course for the ABHP Baltimore-Washington Health 11 Jan-17 May 77 6
Certification Examination Physics Society
A78-45 Preparation Course for the ABHP Baltimore-Washington Health 11 Jan-17 May 78 4
Certification Examination Physics Society
18-46 [ancvations in Practical Health North Carolina Chapter, HPS 5 May 78 2
Physics Technology & Methods Raleigh, NC
A18-41 Applications of Reliability & Risk GCeorge Washington Yniversity 10-14 Apr 78 4
Analysis with Emphasis on Nuclear Washington, DC

tower Plants

18-4¥ S5th Intl Symposium on Packaging & Sandia Corp. 7-12 May 78 6
Transp of Radiocactive Waste Albuquerque, NM
18-49 Envirommental Protection Criteria for EPA Waste Enviromnmental Standards 3/30-4/1/78 1
Radivactive Waste Washington, DC
168-50 BWR/PWR Raduwaste U.S. Nuclear Regulatory Commission 26-30 Jun 78 13
o Washington, DC
™
~NO J8-51 Not wused
-:: 78-52 Medical Management of Radiation Yankee Atomic Electric Co. & 13 Oct 78 4
= Casualties Peter Bent Brigham liospital
o Westborough, MA
18-53 Basic Radiological Defense Officer University of Lowell 1978-79 2
Course Lowell, MA
18-494 Fall Mceceting Naclear Power Alabama Chapt/ r of the NPS 13-14 Oct 78 2

Muscle Shoals, AL
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19-4
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7196

197

198
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Approval

+
COURSES APPROVED BY THE CONTINUING EDUCATION P .NEL

Title

Spring Seminar AAPM

Not used

Medical Oncology MEDI 604M

Recent Developments in Applied
lHealth Physics

Short Course on Radiation
Frotection

Microwaves Laser & Ultraviolet
Biophysical & Biological Basic
Applications & Hazards in Medicine
and Industry

lonizing & Nonionizing Radiation
in Mediciae Theory - Practice -
Protection (Summer Presentation)

Application of Optical Instrumen-
tation i1n Medicine VII

Neutrons ftor Electron Medical
Accelerators

Sponsor/Locaticn

Southern California Chapter AAPM
Loma Linda University Hospital
Loma Linda, CA

Foundation for Advanced Education
in the Sciences, Inc., National
Institutes of Health, Bethesda, MD

Health Physics Society
Richland, WA

The University of Michigan
Ann Arbor, MI

Mass. Institute of Technology
Cambridge, MA

Health Physics Society
Bethesda, MD

SPIE (BRH So-sponsor)
Bellingham, WA

NBS, BRH

ts resteicted to individoal named on application only.

Sats

23-25 Apr 79

2/5-5/25/19

3-4 Feb 79
1-12 May 78
1978-79

Presentations

2-6 Jul 79

25-27 Mar 79

9-10 Apr 79

A
Assigned CEC
2

10

In review

In review
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DEFINITION OF A RADIATION PROTECTION TECHAGLOGLS

A Pagiation Protection Technologist is a person engaged in the operational
aspects of sroviding radration protection This individual is concerned with:
1. The sasic understanding of the machanisms of radiation damage,

2. The develapment and implementation of setnods and procedures necessary

to evaluate hazards, and

Providng prutection to man and his anyircament from unwarranted

[

radiation expcsure.
MISTORY .

MATIQNAL REGISTRY OF RAJIATION PROTECTION TECHNOLOGISTS

The Mational Registry of Radiation Protection Technologists (NRPRPT) came
into sristance as & small working commitiee, consisting of three Health Physics
sechnicians selected by the Health Physics society Board of Directors. The name.
of Healsh ?hysics technicians were submitted by ladoratories and industries from
acrass the United States.

“he cormittee, under the direction of the Arerican Board of Kealth Physics, met
i ¥iasi. Florica, in June, 1973, and was appointed to study and make recommencations
to the Mealth Physics Society Board of Directors as t3 the desiradility, feasidbility,
and i=3le-sntation of 3 Wealth Physics technician registry program.

from Knaxville, Tennessee, October 1974, the commitlee reported %o the Are-ican
8sard of 2alth Physics the desirability of a registry program, The committ = <4s
assigned the task of developing a proposed program to initiate the Registry.
pd4izignral Health Physics technician names were solicited from local chapters.
The iritial N22PT 3card of Dirs.cors was selected

The Board (NRRPT) of Qirectors met November 20, 1975, in Rockville, Maryland,
Officers of the 3oard were elected, an examination canel selected, and assignments

were mads to develop 3y-Laws for the Registry and to explore the funding possibilities
7 b
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T™he Scard met ‘gain Fedruary 1976, in Denver, Coloraco, to complete the
registry program and .10pt the Sy-Laws. This wori was necessary grior to submitling
an application for incorporation. The NRRPT was incorporated April 12, 1976, in
the State of Tennessee.

The first examination was administered in November of 1975,

EXCERPTS FROM THE NRRPT 3Y.LAWS

ARTICLE I MAME

The name of the organi.ation shall Be the National Registry of Radiation
rrotection Technologists, which hereinafte~ shall be designated the Registry. An
ele-ted 30ard of Directors will administer the registry program and will
hereira“ter de designated the Bcard.
ARTICLE Il Q3JECTIVES

The chjectives of the Board shall be to develop standards and procedures for
the registration of Radiation Protection Technologists; to fnstitute examinatiens
lezding to registration; and to issue written proof of registration to individuals
who possess the required . ualifications for registration.

ARTISLE {IT BSCARD OF CIRELTORS

!

The present membership of the Board is ten (13) and can e no grealer than
twelve (12), whe shall, themselves, be registercd Radiation Protection Technologists
or certified Mealth Physicists.

They shall act as individuals and nct as representatives of any organizatien.

The 8card shall consist of not less than one (1) and not more than two [2)
persors proposed and recommended by the American Board of Heaith Physics. Jther
cenbers of the Registry may Se proposed and sponsored by organizaticns other tha-
the A=erican Scard of Health Physics or as fnvited 5y the 22ard

An Traminstion Panel consisting of Registered Radiation Protection Technolagists
sopoiated 3y the 3card prepares, idministers, and grades the writien sxamingtign

with assistance from a Professional examination service and under the guidance ing

POOR CRIGINAL
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of the 3oard.

PURPQSES QF THE 30ARD

1. To evaluate the standards and advance the profession of applied Health
Physics by encouraging its study and improving its practice.

2. To encsurage and insist on the highest standarde of professional ethics
and integrity in the um . tice of radiaticn protectiion,

3. To determine the competence of specialists in radiation protection and
to arrange control and conduct investigations and examinations, to test
the qualifications of voluntary candiZates for registration by the Scard

&. To grant and issue certificates in the field of apilied Health Physics
w voluntary applicants and maintzin a registry of those who qualify.

MEANING OF REGISTRATION

The Certificate of Registration indicaies that its holder has corpleted certain
requirements of study and competence which the Board considers to constitute an
adequate foundation in Radiation Protection and has passed an exam cesigned o
test the individual's knowledge in this field

It c“ould Se recognized that the Certificats of Registration by the Board is

not a license and, therefore, does w0t confer a2 legal gqualification to practice

s

Healt: Physics.

NREPT - COOS OF ETHICS

In achieving registration, the Registered Radiation Protection Technologist
recognizes and assumes responsidilitas due the profession of radiation protection.

In grder %0 zaintain their technizal campstence, the Registared Techaclogist,
while active In the field of radiation protecticn, has a cummitment %0 =aintain
their technical competence. This shall bde accemplished Yy remaining acgLainted
with scientific, technical, and regulatory development in their field.

In order %o ushold the integrity of :iha profession of radiati




colleagues, governmental agencies, and the general pudlic shall be Sa<ed upon and
reflect the highest standards of professional ethics and conduct.

Registration may be revoked for action cons ared by the Soard to de in
violation of these “Code 6f Ethics.® Any pers or whom sych action is contemplated
shall have the right of appearance before the Board

MATIQMAL PEGISTRY OF RAQIATIOH PROTECTION TECHNOLOGIST PROGAAM

PIEFACE

The Certificate of Registratior certifies that its holder has metl the genera)
requiresents and passed a multiple choice examination to test comgetence in
fundazen:al concepts required &s a Radiatisn Pratection Technologist. A
registered Radiation Protection Technclogist shali de of good mora’ character and
shall have met all the requiremeats listed herein

1. Requirsments for Reqistration

A. Education
The applicant shall have a high school dipierma o eguival ~t. In
addition, the applicant must submit to the Scard evidence of cperational
ab ‘ities as a Radiation Protection Technelogist.
3. Age
Minimum age at time of application shall be 21 years,

An applicent must have a3 minimum of five (S) years experience.

Training =ay be substitutsd for superfence if the applicsat w111 subait to
the Boar< information about the program and procf of completicns This

inforcation should include curriculum, typical examinatisns, aad passing

requiremgnts for radiation protection related suBject

. >
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Training Program Experience Credit

Faur years - BS, Radiation Protection Technoiogy 2 vears

iwo years - Radiation Protection Technology 1 year

Sne year - Radiation Protection Technology 1/2 year
Company Training Program 1/2 year

* Military Training
fxper ence credit allowed for training programs is accumulative vp %0 2
raximum of two (2) yeers. An applicant may not claim work experience while
in formal classroom study.
*wilitary tratning oregrams will be evaluated by the 2card on an
individual dasis up to a maximum of 1 year.

0. Qiher Requirements

At the time of application, an applicant wst be engsged in radiation
protection a substantial porticn of the time
€. zamination
Upcn investigation of the applicant and approval by the Sgard, the
applicant will be given permission to take the National written exam,

The National exam will consist of a '50 question, droad base multiple

w

choice examination in radiation protection, (1) fundamentals, (2) measurements,
and (3) applied operational concept:, with a four hour time limit,

Apol

—_—

Applications may be submitted individually or 2s 2 group by a Company or
Facility. Group agplications must provide 2 completed application form for
each individual, however, only one capy of the Company's or Facility's Training
Program need Se enclosed if experience credit is desired for individual applicants

«ithin the group. Group appiications must provide individual informaticn as

required Sy a single applicant 25 foilows:

0OR ORIGINAL



1.

iv.

1. Name

2. Address

3. Age

4. Training programs completed
§, Experience

§. Present assignment

7. Supervisor's signature
Qzerazional tnowl edge
A major gy of the Board's applicant sgcreening” will be the investigation
ef field competence and ability to jerform radiation protection work. The
screening includes sxamination of the applicant's work history, institutional
and/or in-plant training programs completed, and an interview of persons
wnowledgeadble of the applicant's abi‘.i_ti“ .
To facilitate this review, the applic pould include detailed informaticn
regarding the follawing:
1. Companies worked for, positiens held and responsibilities nile in
these positicns.
2. Information regarding training programs completed; 1f possicle, include
course outlines, typical examinations and passing requirements.
3. Names of supervisars and know! edgeable persons whom the Board may
interview to further sstadlish competence of the asplicant.

Natiora) Examirations

A, XNationa! examinations shall be adninistered and controlled By ar examination
panel appointed by the Scard. The examinations shall be proctsred 3y
Aegistered 2adiatien Protecticn Technolugists, Certd Fisd Health ? sicist,
ar other knowledgeable person asproved by the Sgard. The examirations will
se given once 3r swice sach year as demand and capasility diztate. The

frequency and locations will 5e determined By the Soard 1%temDting 19 Reed



exam sites as close as possidle to the applicants. The examination fee
will Se determined annually by tF2 S8card. Permits are required for entry
into the examinaticn rcom. No refersnce material, including programmable
calculators or Health Physics slide rules, may be brought into the room.
Re-examination

A candidate who fails the first examination may de admitted for a second
examination after one year and payment of a reduced re-examination fee.

If 2 candic. e does not appear “or re-examination within two years, he must
submit a new applicatien and full fees.

Grading and Passing Requirements

The grading and passing requirements will be determined by the 3card. The

3card's actions on any applicant’s examination will be final. Requirements
for registration may be chanjed by the Poard without notice. Changes will

not be retroactive,

CHANGE [N REQUIREMENT

Current requirements and procedures af the NARPT are described in this
Srochure. These are subject to change without notice; however, changes
will Be published defore their effective date whenever practical, Changes
will not be retroactive.

CORAESPONDENCE

A1l correspondence to the NRRPT should be sent 3
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Report on
Amerizan Board of Health Physics
Examination Progran

1965 =~ 1975

Background - Nature of Program

In the Spring of 19¢3, the Panel of Examiners, American Board of
Health Physics (ABHP), under Contract No. PH 128-68-1 with the U. S. Public
Health Service, Department of Health, Education, and Welfare, in coopera-
tion with the Professional Examination Service (PEJ) developed a multiple-
choice examination for use in certifying health physicists., This contract
was supported by the National Center for Radiological Health 4s a part of
the Center's responsibility in assuring that those indi. duals that carry
out radiation protection activities are adequately qualified. This was
the first time the ABHEP used multiple-choice questions in its qualifying
examination which previously consisted entirely ¢f essay questions, pre-
sented in two -arts. The decision of the Panel of Examiners to use an
objestive, sultiple-choice test was based upon the diffi-ulty and unrelia-
bility of scoring essay examinations and the cumbersome and time-consuming
procedures required. The Panel felt, however, that the essay form of
examination should be retained, at least in part, to enable candidates to
identify the specific steps followed in answering tne questions., 1IC was
therefore decided that Part I, the multiple=-choice part of the trst, would

cover the fundamentals of health physics and represent a general bocy of

"

informational knowledge, and rart II, the essay test would involve zore

specializel problems in health physics.
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Examination Development
The first meeting of the ABHP Panal of Examiners and the staff of

the Professional Examination Service was held on February 20 aand 21, 1968.
The task of the Panel was to prepa.e 2zd sutlice rhe subject-matter areas

to be included in Part I of the Writtaan Examination and to select lppropriats-
test questions from the PES file of questions in radiological health. It

was decided that 150 test gquestions would =rzt effectively satisfy the
limitations of time and the demands of adsjuate coverage. The Part 1

Written Examination developed consisted of questions assigned to the

following areas:

Content Area Number of Quastions
I. Fundamentals S0
II. Measurement an
III. Occupational Health
Physics Problems 23
IV. Non=-occupational Health
Physics Problems 25
V. Health Physics Administration 20

The examination was so constructed that four scores could be obtained:
(a) a total score based on 150 questions; (b) a subscore based on the 50
questions in Section I; (¢) a subscores based on the 30 questions in Section
II; (d) a subscere based on the 70 questions in Sectiom III, 1V, and ¥V
combined.

A manual of instructions was prepared to guide proctors in
administering the Ctest.

The first examination was administerad oa Ju: : 17, 1968 to 68
candidates qualified for regular certification by the ABHP and to 15 candidates
qualified under an associate program for persoms lacking the experiance re-

quirement for regular certification.
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Item Development

The ABHP established its own bank of examination questions which
has been expanded by periodically soliciting new quastions from health
physicists previously certified by the Board. Question writers are provided
with tnstructions describing the kinds of questions used in the examiaation.
The new questions are screened and classified by subdject-matter consultants
and by test specialists on the PES staff to ensure content accuracy and
relevancy and conformance and psychometric principles. They are then seat
to panels of three experts in the field for independent subject-matter review,
The reviewers' comments are usad by the subject-matter consultants and test
editors in the final review of each question. The questions are then sub-
mitted to the Panel of Examiners for final approval. Acceptable questions
are included in the ABHP file from which the Panel of Examiner;.select
questions for inclusion in each revision >f the test.

Since the beginning of the ABHP prograa in 1968, 65 health physicists
have contributed some 400 questions for the examination and these questions

have been reviewed by 36 certified specialists in the field.

On-Going Examiratio Development

—

To assist the ABHP in ur~dating and maintaining the initial examination,
Federal funding continued through 1971l. This support provided for the analysis
of the test resul- ; a correlation study between scores on Part I, the
sultiple~choice examination, and Part II, the essay examination, administezed
in 1958; solicitation of new guestions and the establishment of cthe Board's
own bank of questions; revision of the examination, and the admianiscration
of the examinations. Over the four-year period, (1988-1971) government

contracts were awarded PES totaling $29,073.00 for the development of AZM2
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examination materials as follows:

1968 $ 4,918.00 (PH 128-88-1)
1969 8,355.00 (CPE-R=69~-17)
1970 8,000.00 (CPE-R-70,0018)
1971 7,800,00 (68-05-0002)

Since 1971, the ABPH Part I-Written Examination prograa has been
supported by the Board and voluntary subscriptions from certified health
physicists. The examination is reviewed anaually by members of the Panel of
Examiners %o maintain the quality and relevance of the Examination, and insure
that it covers up~to-date concepts. Revisions are made in the examination by
revording questions or replacing questions on the basis of subject-matter
considerations and in conjunction with item analyses. The examination
subject-matter cutline was revised in 1973 to reflect more accurately the

actual test content, and presencly has the following conteat distribution:

Area Number of Questions
Fundamentals 50
Measurement 30
Operational Health Physics 70

Examination Scores

The candidates' marked answer sheets are scored by PES and a report
¢ the results is forwarded to the Board. The score report.: present (1) a
listing of the raw scores obtained by each candidate for the total test aad
for each of the three subtasts, (2) statiscical data based on the group of
candidates tested, and additional interprecive information to help the Beard
evaluate the candidates' performance, including a comparison of the results

of the test from year to year and comparisor of the difficulty level of the

_ | 362 199
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subtests and total test between each of the veéars that the exanmination has

been aaministered.

The examination has been administered to a total of 443 candidates

from 1968 through 1974.
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66 Candidates - 1974

Total

Fundamentals

Measurement

Operational Healta Ph fca

34 Candidates - 1973

Total

Fundamentals

Measurement s
Operat fonal Health Physics

78 Candidates - 1972

Total

Fundamentals
Heasurement
Problems and Admin.

45 Candidates - 1971

Total

Fundamentals
Measurement
Problems and Admin.

74 Candidates - 1970

Total

Fundamentais
Measurement
Problems and Admin.

Amcrican Board of MHealth Physlcs

Maximum

Raw Scores

150
50
30
70

150
50
30
70

150
50
30
70

150
50
30
70

150
50
30
70

Range of

48 -

14

19

46
20

16

51
17

20

40
13

Raw Scores

128
47
27
63

130
45
27
60

125
“2
28
60

125
L
27
60

129
46
28
5¢

Standard
Deviations

18.86
7.85
4.70
8.84

18.94
6.66
4.73
9.33

- . =
U‘OUS
e

(- L SN

18.23
7.13
4.85
9.19

17.23
6.94
4.32
8.58

Average
Raw Scores

94.0)
32.88
17.74
43,41

97.18
34,44
19.71
43.03

87.47
29.01
17.82
40,64

R7.36
30.13
17.73
39.49

96.28
33.76
18.68
43,85

Average
Percent Scores

62.69
65.76
59.14
62.01

64.78
66,84
65.69
61.47

58.732
58.03
59.40
58.06

58.24
60.27
59.11
56.41

64.09
67.52
62.27
62.64
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63 Candidates - 1969

Total

Fundamentals

Measur ement
Problems and Admin.

Ql_Candidntca - 1968

Total

fundamentals
Mecasurement
Problems and Admin.

Professional Examination Service
American Board of Health Phyeics

Max{mum

Raw Scores

150

30
70

150
50
30
70

50
15

10

55
20

14

Range of
Raw Scores

128
L6
28
60

137
48
29
62

Standard
Deviations

18.18
7.12
4.43
9.10

16.13
5.91
4.00
8.03

Average

Raw Scores

96.81
33.76
18.68
44,37

103.55
37.69
21.85
44.01

Average
Percent Scores

64,54
67.52
62.27
63.30

69.03
715.38
72.83
62.87



