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Attention: Docketing and Service Brar.ch to

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 Commission.
The proposed amendment also provides for certification of Health
Physicists at five levels.

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

The primary reason for suggesting that amendment 10 CFR 20.600 be
added is to prevent management 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 20 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 ta 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 is not confer a legal qualification to
practice nealth physics. Since the inception of this program, the A5HP
has certified a total of over 9 0 individuals 4.s of January, 1979.

Under the direction of the A3HP, a National Registry of Radiation
Protection Technologists was established and incorporated on April 12,
1976. The objectives of the NRRPT were to develop standards and pro-
cedures for the registration of Radiation Protection rechnologists,
to institute examinations and t:, 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 of 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 pro-
fossional ethics and integrity in the practice of radiation protection.

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

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

The certificate of registrution 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 loard.

The A3HP 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 National 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 A3HP # 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 A3HP certification and NRRPT
Registration programs. -

(1) Complete set of applications and handout materials required of
prospective candidates in order to qualify for the A3HP Certification
Examination.

(2) Ccaplete 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 Scheme.

(4) NRRPT Ites Classification Scheme.

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

(6) NRRPT Examination Preparation Guide, 1978.

(7) American Board of Health Physics Board and Panel Members.

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

(9) The ABHP Continuing Certification Program.

(10) NLRPT Brochure.

' aper entitled "An Inside View of the American Board of Health(11) '

Physics Programs Report on ABRP Examination Program Part I 1968-1975,
Michael S. Terpilak, Health Physics Society Meeting, July 16, 1975,
Buffalo, New York.

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

h Y yi
Michael S. Terpilak
Chairman, ABRP
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AMENCAN BOARD OF HEALTH PHYSICS
HISTORY

Shcrt:y after its organization, the Hea:tn Physics See:erf
establisned a Ccmmit'ee to study tre need for cert. fica-
tien cf hea!th Onysicists and to deveicp plans for certifi-
cation if this ac; eared to be desirab!e. After an intensive
stucy, tre Ccmmittee reccmmended that an Ar encan
Scard cf Heaith Physics be establisned to develcp stand-
ards and procedures, to examine candidates, and to issue.

f wnt'en prcct cf certification to individua:s who have satis-
fied the requirements established by the Scard. The Scard

j cf Directors Ct the Society decided that these recernmen-
' catiens had merit and appointed a tempcrary American

}
Board of Hea:th Physics en November 8,1958.

] The temporary ASHP ceveicped a set of ..wm

|
recuirements for certification after carefuffy rewewing the

i professional background of 100 se!ected individua!s be-
lieved to be recresentatve cf these reccgnized as ccm-,

' petent health phys; cists. These minimum requirements
1 were submitted to the membership cf me Scciety for
j ccmmer.t. At the Society's Annual Meeting in Ane 1959.

the matter was dMcussed in an open meetir.g and there
I was general succert ter the plan The Scard cf O!rectcrs
, cf t"e Scciety forma!!y established the American Scard cf
I Hea:th Physics by accreving an amencment to me By-

Laws cf te Sccier/ cn October 29.1953.,

The ABHP was inccrcerated in me State cf New York
en December 1,1960. Previsicn was made fcr cr;anica-
ticrs cther than the Heatth Physics Scciety to be repre-
sented en the Scard.

The Scard has seven rnemters. Five are r;cnscred by
the Hea:th Physics Scciet/, One by the American Asscei-
aten cf Physic:sts in Medic:ne, and One b the Amencan
Pub |ic Health Asscciatien. Eacn memcer serves a 5-year
term.

An Examinatien Panel cens ctrg cf Certified Hea;th ,(

t (. Q
Phys;c:sts acccinted by Ze Scard crecares, acr~nisters. .

and ; races me wn en cemficat:en exam naten uncer thea

guidance and acpecva! cf !ne Scard. f 0

g
ffMw'4

b

k(. w
s
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PURPOSES OF THE BOARD and rer:ect the nignest standards cf prefess cnai etMes
and integr;tf.

First- To elevate the stancards and advance the pro- The Certfied Hea:tn Physic:st snail re; resent himse1f
fessicn of hea.th phys:cs by enccuraging its as an autncnty cnly in these areas in wnien he is censid-
study and imprcving .ts cractce. ered ex;ert by his peers.

Second: To enccurage ard insist en the highest stand-
ards cf prcfessional ethics and integnt/ in the
practee of hea:tn ;nysics. GENERAL REQUIREMENTS*

iThird: To determine tne ecmcetence cf specialists in *
heaith physics and to arrange, centrcl, and Requ:rements fcr Cand; dates fcr certf| cation are as

conduct investigaticns and examinatons to test folicws:
the quaiificatons cf vciuntary cand' dates for 1. ACACEMIC. The A;;iicant must have a Bache!cr's
certficates to be issuec by the Beard. Cegree in a pnys. cal sc:ence er in a bioicgical sci-

Fourth: To grant and issue certficates in :ne fie!d cf ence with a miner in pnysical sc:ence. In exceptional
health physics to voluntary a;;licants and to cases, perscns who have demonstrated adequate
maintain a registry cf hc!ders cf such cert.fi. knowledge cf hesith pnysics but w"o are defic:ent in
cates. these academic requirements may, at the d:scretcn cf

the Scard, be permitted to substtute excenence fcr
acacemic requirements.

MEANING OF CERTIFICATION 2. EXPERIENCE. An applicant must have at ! east six
years of FTE (fuil-time equivalent) Orcfess;cnal ex;e-

The certficate indica!es that its holder has completed nence in health physics. At : east tnree years cf the
certain requirements of study and prcfessional expen- ex;enence must have been in a;ptied radiation pro-
ence, which the Scard cons:ders to consttute an ade- tecten work. Additona! educatcn may te sutsututed
quate foundation in hea!!h pnysics and has passed an for u; to a maximum cf 2% years Cf expenence as
examinaton designed to test his competence in Inis fie?d. fcdows:

It shcufd be rec 0gniced that the certficate awarded by yg Eg(agt
the Scard is r.ct a icense and, theref0re, does nct confer Tm. or stue or dev en.neace

a legal cualifica!!cn to practice health phys:cs. General-related to HP 1 W
General--related to HP 2 or MS 1

f Gerrai-re!ated to HP Ph 2

PROFESSIONAL RESPONSIBILITIES j Hea:th Physics 1 1

OF CERTIFIED HEALTH PHYSICISTS ]
Hea!!h Physics 2 er MS 1W
Hearth Physics PhD cr Sc0 2h

,

in achieving certfictten, t*e Certf:ed Hea'th Physic:st An a;plicar:t may not c! aim prcfessicral expenence
reccgnices and assume i res;cnsibWtes due the profes. fcr an acvanced degree and work expenence fcr the
sion cf hea:tn physics. same pened. For exarncte, if an acclicant attercs

in crder to maintain his technical competence, the night schect fcr 4 years resuitng in an MS degr'e
Certfied Hea:tn Phys:cist has a ecmmitment to .. 'ain and dunng the same ;eried he is eme!cyed as a
actve in the *: eld cf hea!!N pnysics and acquainted mtn hea:tn phys:c:st, he may c: aim fcur years profess;cnal
the ec:entfic, tecnnical and regulatcry ceve'c;ments in ex;er ence, but may not c!atm an acciticra! year cf
h:s 'ieid. egerence fcr his MS.

b crcer to u;ncid tne prCfess:cnal integr:ty cf hea:th 3. OCCFESSiCNAL Each a;c!; cant must te engaged n
r|ysice 'mC1;ed in *his certf' Cat:en, hs relatens ein *he refessicr'ai Or3CtCe cf hea.tn On'ys.cs a sucstan-

ciners, .nctucing c:ients. c0Jeagues, gcVernmental agen- tal cr*.cn cf his ame. Peference statements are re-
c:es, and tre general ;uclic sna.1 aiways te based upon cuired frem the 1;;;icant's sucercser (if acercen te)

2 3
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and frcm at least two Cther individuals who are pro. ceed !cward certficaten. Applicants who successfully.

fessionally cuahfied to evaluate tne applicant's abMty ecmctete inis step in the exammat.cn ;rceecure will be
in hea:th physics. It is recommended (but not re. requ: red to ta.<e only Part 11 cf the wr:t*en examinaten
quired) tnat at ! east ene reference te a hea:th physi. wnen they rater a: ply fer regular certf!caten.
C:st alreacy Cer+1fied b', me ASHP.

4 WRITTEN REPCRT. The Scard, after examinaticn of APPLICATION AND FEE
the a:Diicaten for certficaticn. may request rescrts
on rac!aten pr0tect0n evaluations made personally Applicaticn fcr examinaten must be made on the pre-
by cr under the sucervisicn of the apc!icant. Each sented forcn which is avanacie frcm the Chairman. App!i-
applicant must be capab!e cf making a satsfactory cations shou!d be f;ied w'th the Cha;rman at least two
evaluaton on se.eral insta!!atiers cr cceraticas in- months before the cate of me examinaton. Cert.ficatien.

volving pess:ble raciaton ha:arca cf which these fees are as felicws:
listed below are examples:

certification steo Fee
a. Rad!cgrapnic insta!!atien--incustnal mecical
b. F!ucrcseccic instaliaten Application to take Part I of

c. Therapy insta!!ation wnt en examaten E
d. Pacienuctice lateratory Application fcr Ryu!ar Exam naten
e. Air and water sam:: ling and envircnmemal survey to take Parts I and 11 of the
f. Nuclear fue! processing plant written examination together $100
g. Nuclear rea;ter

A;plicatien to take Part 11 cf.

h. Major decontaminaten cperaticn
$g

i. P&rtc'e acceleratcr

5. EXAMINAT CN. Wn* ten examinations witi be manda-
tory; cral exarninatons will be at the discreton cf the Re-examinatien fees fcticwing fa:!ure of the exam are the
Beard. The wntien examinaten has two par's. Part I same as the cr:ginal a::pticaten fee schedule ateve.
detem1ines competence of the acclicant in fundamen. *Dectae Jancan 1,1977.

tal aspects cf hea:th Onysics and Part || date mines
his ccmpetence in practica! health physics tcpics. The gyp,.AINAT!ONS
examination must be taken within two years cf rot.'i-
cation of eligibility, cr a new application must be Examinations are usually given once a year-at the
submit *ed. time of the Annual Meetng cf the Health Physics Soc:ety.

* They are held at the iccaten cf tne Scciety's meetng and
at ciner se!ected !ccatons where me cemand warrants.

EARLY ADMISSION Permits are required f r entry into the examinatien
TO WRITTEN EXAMINATION recm. No reference r1atenal may te trcugnt into the

*

r:cm.

Applicants are ;ermitted to take Part I of me wnt*en
examinaten if they nave fused me academic recuire- RE EXAMINATIONS
ments fer the MS Cegree in Raciatien Safety er nave *wo
years of prcfessional extenerte at the time Of the exami- A candidate uno fails his first examinatien may be
raten. Accficanta must meet all the recuirements !isted in admit *ed to a se:ccc exarnicaten at*er cne year. A can-
the preceding secten befCre being adr4*ed to Part 11. cidate who faJs to 20Cear fCr re-examinaticn withiri two

De OurpCse Cf ear */ acrissiCn to Part i Of the exami-
natCn is two-f0ld: (T) IO adCw me recert gradua*e an After a second 'adure. a new a:::HCaten must be fUed.
ceter* n ty to cemenstrate nts : meeterce in the furca. Se canc:cate must a:sc su:m:t evi:ence of suestantai
mentaf s Of hea:th |:nyS;C3 at !Ne beginn:rg f his career. ace:t:Cral study Oefore ne T3y taKe Te ex3T:n3000 Ic.
ar'd I2) Ic er'C:urage /curger realh pnys;0:s!3 to pro- *ne thirc tr'le..

4 5
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FINAL ACTION OF THE BOARD

The final accen cf the Scard is based en its evaluaten
Cf the 3CClicarit's tCtal CrcfessiCnal reCcrd. i.e., his train-
ing and excenence, the achievements he has cctained in
health phys:cs and related fields, the matunty of his judg-
ment. and the ethical nature of his prcfessicnal Ocnduct
is ind;cated by his assoc:ates and peers. ar'd cften the
resuits cf cral interviews as well as the wnh.en examina-
tiens. Anyone meeting the educaten and experience re.
Quirements and wno is practicing health phys:cs in a
ccmpetent and ethical manner is strong!y urged to apply
to the Scard for admissicn to the wntien examiration.1

| Althcugn satisf6Ctery performance On the written examina-
tion is a necessary but not a sufficient requirement per-
sens wnc are acmitted to and who cer*crm we!! cn the
examinaton usuafly receive certificaticn by the Scard.

REVOCAT!ON OF CERTIFICATE

Certficates may be revoked for actions considered by
the Scard te be in violation cf the statement "Prefess:cnal
Pescensibilities of Certified Hea|th Physicists." Any per-
sen for whern such actico is contemclated shall have the
right cf acccarance te'cre the Board.

CHANGE IN REQUIREMENT

i Current recuirements, precedures, and 'ees cf the
g

i Amehcan Board of Health Physics are desented in this

{ brocnure. These are subject to change w:thcut retice;
however, changes wi!! be published before their ef'ective ,

dr.te whenever practical. No changes wiiil be retrcactive.
4

! CORRESPONDENCE

A:I ccrrespcndence to the Amencan Scard cf Hearth
Physics shou d be sent to:

I

Michael S. Terpilak, Chairman'

American Board of Health Physics
HE'J , PHS, FDA, BRH (Hn 460)
12720 Twinbrook Parksay
Rockville, MD 20857

6

_
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" 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 its
holder has completed certain requirements of
study and professional experience which the

,

Board considers to constitute an adequate
foundation in health physics *, and that he has

passed a comprehensive examination designed
to r. e nis competence in this field..

The Certified Health Physicist today is ably

misting government and industry, and the
research and health professions in achieving
the maximum benefits of the nuclear age with a

recora of safety that is unsurpassed. With the

' Requirements for apphcation for cernEcauon inc|ude a
bacheior's degree :n science and or engmeermg and set years of
respons.bie professional exper:ence in health pnysics.

362 009
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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 cd ,1

~

3 m
.

[M -ggj Jp -

Certified H.P. takes on new and greater sig- s

]],g;CniScance. The industry and inceed the general ;.,

#,
public, expects nothing less than the high f . }/ j

.ystandard of safety that the nuclear field has 7 p,s ,

Nenjoyed to date. Certified Health Physicists are J %=

-N'/'salready applying their expertise to meet this ; i

'\.

;[/]'
4necessary objective both effectively and

\ \ .8\economically. ,

\ ('%"'Recognizing the demoastrated professional ,

\' N .-"

competence of CHP's government agencies, ',
industry and other organizations require 2 .

Certified Health Physicists in certain key - . Yu 7 d[
radiation protection positions. R ' M2 i

'
'

I

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

Monitoring
Programs

Radiation Safety Continually assess the adequacy of radiation
Analyses protection control facilities and procedures, by

thorough monitonng programs as part of the
Perform analyses on new or existing facilities f cility operation.to determme and minimize their impact on
employee radiation dose and the public health
and safety.

.

%

3t,2 0'0
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Shielding and Instrumentation
Containment setect, calibrate, and interpret results trom:

Designs to protect personnel and the general 1. effluent monitors for liquid and gaseous
public . trom radiation exposure and the wastes
disposal of radioactive materials.

2. portable survey meters

3. laboratory detectors, ranging from sur--
- -

f - face contamination counters to multi-
.

Z- -_ -N. ; 3 ~~~~~

_ __' l
channel spectrometersA- -

- - - _ _ __. --.

p g [)) ~7j_,-T 4. area monitors for direct radiation and
.
y dW' 7

- airborne radioactive materials
-1 -

- @ J J
~

:s - t =

'[ -

W/ k
' ? Plans and- r -

*h
Procedures_ a r z. g _q.a ,

. g
-y ~ eq Develop and keep current the plans and pro--

cedures necessary to control on-and off-site
exposures..

Dosimetry
Detect, evaluate and control radiation

exposures from external sources through
portable and fixed radiation detection devices Emergency
and to detect, evaluate and control radiation Planning
doses from internal sources throuch

Participate in and guide the development ofcalculations based on bicassav analvses and
~ ' appropriate plans to mird mize the co n-whole body counters.

sequences of radiation accidents.

EMERGEhCY PLANNING3

assravE -4

c_a doiliIla ;cqagug c
)44 AGENC E5 ANC4Mi}}M [ |

*5*

/fnTA N/ b u '#AT"T'r" .
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Environmental
Evaluation
Design and carry out sampling and analytical
programs to detect minute levels of all radio- - m

h d.nuclides in the environs of nuclear facilities
' ' . %(flora, fauna, soil, water, air). Evaluate the [d +N N.'' 'l

-
e

f ,
/, , ,',j '.' *

possible short and long-term consequences to
f"S[1, Iman and his environment from these levels or o%-

&Apostulated levels. 3
c %;

W A Q,: ~b ,

\# NATIONAL A0VISORY x

b ky- '\'g' y '

COMMITTEES ON RADIAT!CN
%D C N'- l' PROTECTION xN :::s.-i

- A-'

.y) m ==== -ene m
~~

- ]
-

f4 scw s c ois co,

/ M ,Ve exc""m'[ k,t ): f Slanage
l)

,

Tyc uv. r / ,l .:wsa :, n:- Regulatory Programs
d [ p#e .w. auw usw -

M EE|I:s*" At all levels within government and industry to
JC 'f ensure compliance v.ith Federal, State and

"

. ~ local regulations.

Waste

Alanagement .

Programs to controi releases of radioactivity
and ensure the safe storage of radioacuve

,

w astes.

..$b2 L' i ')
q
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Educational
Programs
Provide general and specific training or
orientation in all aspects of radiation safety.

? 3:M -
TN i

Y '

x TRAINING
. s. -

Y -jj

A Certified Health Physicist on your staff or
as a consultant will proside a competent and
professional approach to radiation protection
and control prob.ms. Por a Registry of Certi-
fied Health Physic:sts or further information,
please write to the Chairman of the American -
Board of Health Physics.
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A N M 0 U N C E M E '' T

AMERICAN BOA"D OF !=>.LTH PiiTSICS

The continued efforts el the >=erican Ecard to restrict expenset to a

bare minicum have been success ful as evidenced by the fact that the arount

o: coney realiced through the exenination fees has nearly met the expenses

of the program during the pas'. year. iloweve r , during the last Ecard aceting,

September 26-27, 1978, it was recogniaed that there are sete increased ex-

penses resulting fro: the need to expand and =cdify the examination questienc

in Part I; increased fee assesscent f rca the Professional D:a=ination Service
,

and additienolly, the initiation of a ne', specialty certification progrs;n for

pouer plant reactor health physicists. In any event, it was felt by the

Board that it would be necessary to ra_.se the exa=ination :.nd certificatica

p aque fees for new candidates, effective Ja n 2ary 1, 1979, in order that the~

program be self-supporting.

Eff ective January 1, 1979, the fees sill be as follows:

C r, ''s'.' =. L 'u' ' ~i a ". 4' o.''. "f f. ~t.
c~~ ~

a v

Application to take Part I of the $ 75
written examina tion

Application fer regular examinatice. $150-
to take Parts I and II of the
written examinatian together -

Application to take Part II of written $ 75
exa=inatica only

Charge for certification plaque $ 25

Please send application forms to:

Michael S. Terpilak, Chair an
American Board of ilealth Physics
llEU , Pl!S , FDA, B:Ul (ilFX-% J

_ ,

UlO
~p

12720 Twinbrook Parkway j; () ,
Rockv ill e , Ma ryland 20857



American Boart Of Heait:1 P:17 sics

DEFINITION OF HEALTH PHYSICS *

Health Physics is a profession devoted to the protection of can 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 techanism of radiation damage, with the

development and i=ple=entation of methods and procedures necessary

to evaluate radiation hazards and with providing protection to can

and his environ =ent from untarranted radiation exposure.

"Of iciall, adopted by the Health Physics Society in 1959.
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.

American Board Of Heait:1P:1ysics

REQUIREMENTS FOR ADMISSION TO PART I

0F THE WRITTEN EXAMINATION

The A3HP 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:

1. Received a Bachelor's Degree in a physical scienes 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 writteo 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, end upon performance
an Part I and results of a thorough review of past training, professional
experience, and statements contained in references submitted by candidate
ct time of application for regular certification.

The fee for admission to Part I of the written examination is $75.00 and
applications should be sabmitted 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, '' Pa r t 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 Monday of the week of the Annual Meeting of the Health Physics Society.
The deadline for submission of applications is April 1.

Applicants are eligible immediately after meeting the requirements*

for an MS degree in health physits. Alsc, individuals who have

successfully completed a Bachelor of Science p rogram in Health
year of praccical (professionalPhysics and who have at least one

level) experience.
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AMERICAN BOARD OF HEALTH PHYSICS

Application For Certification

DATF

INSTRUCTIONS: C in,c,. Aoonc.eion C ..rt i . oni,

1. Type or print in block capitals. O n ...o o nc .c.o n C p.gui.e cart,vication

2. Su bmit in vor.. :e.
3. If space is inadequate for any answer. use extra snect of

paper and number items to correspond with items as listed.

Date
of

1. Name Citizensnip 2. Birth
(l.st) (first) (micci.)

3. Home Address

4. Business Address

Home Teleonone Number:
5. Send mail to: home address C business address C

Business Telepno.ie Number _

6. Academic Cegrees Attained:
ers of'

in stitu tio n v.ior Minor ,u n A rtend. o.gr Y ..e

4.

b.

C.

7. Additional education and training related to Health Physics. (Ptease do not list courses of less than two weeks duration.)
o . r..

In stitu tion Titt. of Cours. Length of Cours. F rom To

a.

b.

C.

HAVE YOU TAKEN A CERTIF' CATION REFRESHER COURSE? C YES C No. OF CLASS HRS

8. Professional and Honorary Societies-

N.n,. oe c ro.nir.eion v .., .o n.o Tw o. o r v.-e.rsn .c - c " c. - ..o

.

0

362 0i71 . e o , . . s - , , - . .. o . .r . . ._ . . . . .- _ . s _ .n ., . ,. c ,n .r - . ,

.



9. Present employment. Describe in your own words. (Dc sot use official job descriptions.)

Date Assagne3 Tc Dosition Poame o' Emolover Paase of Empioyment Name ene Titie of immeciate
sspemmr

j E m a:+ Titm c4 besent position

Des: notion o' nos ancivoe majo resoonseurot, an:: specific f eaics anc enoicate percent of time in Mea'tr Pnysics worm :

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

Cates of Employment. Name of Empiover. Place of Employment-

From To

E x act titie of position-

Descriot.on of evors . Inctuae maior responsibilary and soecif 6: fields and indicate percent of time in Health Physics work..

Dates of E mployment Name of Ernpiover. Piace of Emplovment:

F rom To-

E mact t:t.e of oosition

Descrioteor Cf work. 6hciuoe maior responsibilett aq0 toecific fie*ds and Indicate percent of time en Hea.tn Pnysics work.

362 0i8 .



Cate of EMCioVment. Name Of EmOIOyer- Place of Employment

F TC m . To.

Exact title of DoSitron
Ce5CrtCtton of Work. Include major reSOonsibility and specif tC fields and indicate percent of time en Heatin PT, sics wort:

Cate of Employment. Name of Emciover: P' ace of Empiovment:

From: To:

E xact title of position-

Cescriotion of work include maior rescons.o.lity and scecific f.eids and indicate percent of time in Heaitn Physics wors.

|

_

11. Categories of Comoetence:

Seiect 9e :ategories in tne hst below in unicn you feel you are ccmcetemt to function as a Certif ed Healtn ohvs.c:st.
Ranx :nese n tre creer of your ::roficiency. (1 for your first :noice, 2 'cr your seconc, etc.).

Industrial Aadiogracn ' I"Stailat!Cn3 Ae&Ctor F ac1hties

and Fi orCSCOceC Installations Chemicad SeCarations P! ants
_ Veoscal R adiologica6 u

. Thernov |nstatlat:ons 3artic?e Acceierators

Isotoo* Lacoratories CamC'ete Wa2aros Evaluation

Envi*onmental Vonttoring Vasor Cecontamenation CCeration

Ctner scec.tv a Ctrer .sCec:fy l

362 019



12. Specia' Achievements:

a. Medais. C'tations, or otner awarcs: __

b. Committee Activities:

C. Journa! Publications and Books:

d. Speecnes 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
Healtn Pnysics competence. (if possible, at least one reference should be a Certified Health Physicist; do not use a Board member as
a reference.)

I certify tnet tne statements soove Unciuding eny attechments I have submitted heretel are, to t%e t>est of my k nowledge. accurate, and I unserstand that
any f e.sefication of iMormation m enes acolicatron wili be cause f or rejection of tne soohcation or withorawei of a certification already mace.

Date
(Signature m inn.)

A non-returnable application fee of S100 must accompany the application. An additiona! fee of 515.00 wdl be enarged wnen and if
certification is approved. in acditior he Board serves notice to a|| applicants that. if future operations of the Board reauire it, some
system of annua! daes from all health physicrsts previously certified by the Board may become necessary. Make eneck payabie to
AMERICAN BOARD OF HEALTH PHYSICS.

Mail Apphtation to:

D
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.vl RI AC N BOARD OF HEALTH PHYSICSE

Application For Certificanen

OATE

INSTRUCTIONS: C i n , t,.. Ac oi .e . tion C part 1. on,y

1. Type or print in block capitals. C g .ooi cation C a.guiar certif. cation
2. Submit in duplicate.
3. If space is inadecuate for any answer use extra sneet of

paper and number items to correscor.d witn items as listed.

Date
of

1 Name Citizenship 2. Birth
(l a st) (first) (miadt.)

3. Home Address

4. Business Address

Home Teleonone Number:
5. Send mail to: home address C business adcress O

Business Telephone Number ---

6. Academic Degrees Attained:
Years of

in stitu tion Meror Minor Full A rt.nd, oegree Y ear

a. _

b.

c.

7 Additional education and training related to Health Physics. (Please do not list courses of less tNn two weeks duration.)
Oates

in stitu tion Titt. of Cours. L.ngtn of Course F r or9 To

a.

b.

C.

HAVE YOU TAKEN A CERTIFICATION REFRESHER COURSE? C YES C No OF CLASS HRS

8. Professional and Honorary Societies:

Nam. of organiz ation Y.ar Joen.d Tw o. 3 f V.mc.rsn o * C f o . d.edc

_

%2 021
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9. Present employment. Describe in your own words. (Do not use off s:iat job descriptions.)

Dat e awgnec ,o Pos. iron Name of E moiover Place of Emoscyment Naine anc Title 04 ammediate
Svoe visor

r' E = a:
Tit., o + o resent pos. tion

| Desc r e t ioa c' wor $ inciv3e ma Dr responsiunity an: specific f eids and moscate percent of time m Heaf te pnysic ; worm

_

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

Dates of Employment Name of Empiover Place of Employment

From To.

E ma:t titie of posttion

Descriotion of work. Incisce ma or resoonsibilety and soecific fields and indicate percent of time in Health Physics work:

Dates of Emoloyment Name of E mpiover Piace o' E motoyrnent.

crom To

E =act titie of positior

Descriotion of work inctuce maior responsioisity and soecific f eios and indicate percent of tirne in Hearin Pnysics work

-% ?. 0. ~? ?.



Cate of Employment: Name of EPO4ovef- Place of Etoiovment:

From. To

.

E u aCt tstle of Dosition -

Cescr:ction of swork. Inciuce maior resconsiemry and scecific fie+cs and incicate cercent of tirne in Hesitn Pwys:cs swork.

Cate of Employment: Name of Employer: Place of Empioyrrent:

From: To:

E =act titte of cosition-

CescriOtion of Worn. Include maior rt* Dons <Cility and specific fields and indtCate cercent of time in Healtn P*iysics swork.

11. Categories of Comoetence:

Seiact re categcries in tne Hst beiow in wnicn f ou feel you are comcetent to function as a Certified Healtn hysicist.
Ranx inese in :ne order of your proficiency. (1 for ycur first cnosce, 2 for your second, etc.).

6mcustrias Aaciograonic nstaelations .'eactor F acia. ties

_ vecicai Aac.ciogicae and Fiuor:scocic Instailations Cher icas Separations P' ants

.neracy instasiations Partic:e Acce,e stors

soteca Lacorator,es Comoiete wazarcs Eva!uation

Environmentai Vonitoring Yaior Cecontaminat;on Coeration

Cener tscecity; Ct9er 1scocifyl

9'7
7) ' 9L b.



12. Special Achievements:

a. Medals. Citations or otner awarcs:

b. Committee ActiviDes: ,_

c. Journet Publications and Books:

d. Speeches and Le:tures to outside organizations (last two years)

13. Professional References name and address of at least , 2 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.,

,

1 Cartify tm at the staternants # bove (encewdeng any attachreents i have saDm# 3d ha'e10) era, t$ the beTT Of Fny # nowl*S@e, SCCurate, and I uncergtand that

any f ainsf scat'On of enformation er* fMrs ADDiscation weil De C8Jna f or relection Of the 3DD66 Cation Or witMoravval Of a C9'f ff 6 Cat'On already m ade.

Cate
ts.gnature in ins.)

A non-returnable application fee of $100 must a:Compar., the appheation. An a citional fee of $15.00 will be charoed when and if
certification is approved. In addition, the Board serves notice to all applicants tnat,if future operations of the Board reuvire it, some
system of annual dues from all health physicists previously certified by the Board may become necessary. Make check payable to
AMERICAN BOARD OF HE ALTH PHYSICS.

Mail Application to:

-
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American Eoarci 0 Heahh Physics

C0f":v':TIAL PROFESSIONAL REFERENCE F00!*
Michael S. Terpilak, Chairman

Please return pro pt!; to: American Board of Health Physics
REW, PHS, FDA, BRH (HFX-460)
12720 Twinbrook Farkway
Rockville, obryland 20857

Apolicant's imme: Appitcation No.

l. How long have you known the applicant? , ears.

2. Wh a t has been the nature of your association?

Do you kncw him personally? Yes Noa.

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

3. Describe briefly your impression of the work the ap; .iccat does.

Is the work primarily technical in scope? Yes Noa.

b. How and by whom are his decisions used?

c. What type of proble=s does he have to f ace?

d. What are his responsibilities in c ase of eme rgencies?

Mcw =uch supervisica does he have and exercise?e.

-

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

*:;o t e : If ycu wish to make additional corrents, please inc lud e them on a
separate sheet.

'? lease return in duplicate) (aver)

362 025



5. Wh a t specific and noteworthy accomplishments. i f any , has he m: e in

the radiation protection field?

6. 'ih a t li=itations, if any, does the applicant have wh ich migh t adversely.

influence his capacity to practice health physics on a responsible pro-
fessional leval?

a. How well does he work with others?

b. How ef fectively does (or would) he perform as a cor. sultan:?

7. What is your esti=ation of:

His honesty?a.

b. His professional ethics?

S. Do you have any reservations about reco: ending the applicant fo r c ar-
tification? Yes No (If yes, please explain)

Printed Name: Title:

Signature: Adress:

Date:

,.

?;62 0d'
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Ame7_1c_o n__ " con _r-l. 'O- F_eal_#, Ph.. m+.i s
'

_m t . ._ _

C0t: FIDE"TI AL PROFESSIONAL REFERE!!CE FOR!P
Michael S. Terpilak, Chairman

Please return pr omp t l- to: American Board of Health Physics,

HEW, PHS, FDA, BRH (HFX-!*60)
12720 Twinbrook Parkway
Rockville, thryland 20837

Appltcant's ' nae: Appitcatton No..

1. How long have you known the applicant? years.

2. What has been the nature of you association?

Do you know him personally? Yes Noa.

b. Are you in a position to evaluate ais technical ci abilities?
Yes Ne

3. Describe briefly your i=pression of the work the sp; . iccat does.

Is the work primarily technical in scope? Yes Noa.

b. How and by when are his decisions used?

__

c. Wh a t type of problems does he have to face?

d. What are his responsibilities in case of emergencies?

How much supervision does he have and exercise?e.

How well do you think the applicant does the work assi;ned to him?.

"::o t e : If you wish to make additional ccements, plaase include them on a
separate sheet.

(Please return in duplicate) (over)

^

n'

362 U')



5. What specific and noteworr.iy accceptishments, if any, has he made in
the radist ica pro':ect ion ficid?

6. '|h a t limitations, if any, does the applicant have which might adversely.-

influence his capacity to practice health physics on a responsible pro-

f e s s iona l level?
_

_

_.

a. How vell does he work with others?

b. How ef fectively does (or would) he perform as a consultant?

7. What is your es ti=ati.cn of :

a. His honesty?

b. His professicnal ethics?

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

_

Pr:n:cd Name: Title:

Signature: Adress:

Date:

h .
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American Board O- Health Physics

CONFIDE::TI AL DROFESSIONAL RErERENCE FOR.'P
Michael S. Terpliak, Chairman

i'l e a s e return prerp:1; to: American Board of Health Physics

HEW, PHS, FDA, BRH (HFX-460)
12720 Twinbrook Parkway
Rockville, obryland 20857

Appitcant's : ace : Appiteatton No. _

l. How long have you known the applicant? years.

2. |-|h a t has been the nature of your association?

Do you know his personally? Yes Noa.

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

3. Describe briefly your impression of the work the ap; .icent does.
_

_

Is the work primarily technical in scope? Yes Noa.

b. How and by whom cre his decisions used?
m

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

d. Wh a t are his responsibilities in case of energencies?

How =uch supervision does he have and exercise?e.

L. How well do you think the applicant does the work assigned to hin?

-:;o t e : If you wish to make additional ccaments, please include ther on a
separate sheet.

(? lease return in dupli:ste) (over)

)b .



,

5. What specific and not ewo r thy accomplishr.e nt s , if any, has he made in
the radiation protection field?

6. 'sh a t licitations, if any, does the applicant have which mi;h t adversely.

influence his capacity to practice health physics on a responsibic pro-

fessional level?

_

a. How well does he work with others?

?s a c on s ul t ar.t ?b. How effectively does (or would) he perform

7. What is your estimation of:

His honesty?a.

b. His profescional ethics?

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

Printed Name: Title:

Adress:Signature: _

Date:

n ' f3i-9
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A maariem Boarud Of FTea,,ta Dh;=sios
~

ws - --v. --

C0t' FIDE:'TI AL PP.0FESSIONAL REFEP.Et:CE FOUP
Michael S. Terpilak, Chairman

l'l e a s e re t u rn p r orp :1;. to: American Board of Health Physics
HEW, PHS, FDA, 3RH (HFX-460)
12720 Twinbrook Parkway
Pockville, bryland 20857

Ap p i i: a r.t ' s ' ne : Appitcatton tio.
.

1. iiow long have you known the appiicant? years.

2. ih a t has been the nature of your association?

Do you know his personally? Yes Noa.

b. Are you in a position to evaluate his technical ca: abilities?
Yes !;o

3. Describe briefly your impression of the work the ap; .icent does.

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

b. How and by whom are his decisions used?

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

d. kh a t are his responsibilities in case of emergencies?

How cuch supervision does he have and exercise?e.

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

*:*o t e : If you wish :o make addiriz al ccaments, please include them on a
separate sheet.

(over)(? lease re: urn in duplica:e)

n \t , "3 i
362 v



.

' hat specific and noteworthy accceptishments, if any, has he made in5. ,-

the radiation protection ficid?

6. '..h a t limitations, if any, does the applicant have -hich migh t 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 a cor.sultar.t?

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:

R1).O i
h/ ';.
v"
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American Board Of Hea:th Physics

C0t:N DF:'TI AL P",0FES S IONAL REF ERE':C F FO R:!k

Stichael S. Terpilak, Chairman
Please return pre ptly to: American Board of Health Physics

HEW, PHS, FDA, BRH (HFX-460)
12720 Twinbtook Parkway
Rockville, Maryland 20S57

Applicant's Name Appi tcat ton : o.

1. How long have you known the applicant? years.

2. kh a t has been the nature of your associatica?

a. Do you kacu him personally? Yes No

b. Are you in a position to evaluate his technical ca: abilities?
Yes !o

3. Describe briefly your impression of the work the ap; . icent does.

_.

1. Is the vark primarily technical in sc]pe? Yes No

b. How and by whom are his decisions used?

c. What type of probler- does 't ave to face?

d. k~n a t are his responsiailities in case of emergencies?

How =uch supervision does he have and exercise?e.

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

- ::c t e : If jou wish to make additional ccaments, please include them an a
separate sheet.

(Ple2se return in duplicatal (aver)

. ., 7
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5. Wh a t specific and noteworthy acceeptishnents, if any, has he made in
the radiation protection ficid?

6. ' hat limitations, if any, does the applicant have which migh t adversely..

influence his capacity to practice health physics on a responsible pro-
fessional level?

a. How well does he work with others?

b. How ef fectively does (or would) he perf orm as a cor.sultar.:?

7. Wh a t is your esti=ation of: ,

#a. His honesty?

b. His professional ethics?

8. Do you have any reservations about reco :ending the applicant f o r c a r-
tification? Yes No (If yes, please explain)

Printed Name: Title:

Signature: Adress:

Date: N

f

t
* ,

m " ,k
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C0t:FIDF':TI AL "".0FESSIONAL RE_FERE!!CE FOR!P
Michael S. Terpilak, Chairman

l' lease return pre ptly to: American Board of Health Physics

HEW, PHS, FDA, BRH (HFX-460)
12/20 Twinbrook Parkway
Rockville, Maryland 20357

Applicant's ' .a: Appit;stton No.
.

l. liow long have you known the applicant? years.

2. k~n a t has been tha nature of your association?

__

o

_ ..

a. Do you knaw him personally? Yes No
_

in a position to evaluate his technical ci; abilities?b. Are ycu
Yes No

3. Describe briefly your impression of the work the ap; .icent does. _ _

Is the work primarily technical in scope? Yes Noa.

b. How and 'y whom are his decisiona used?

-_

c. khat type of problems does he have to f ace?

d. kh a t are his responsibilities in case of eme rgencies?

How much supervision does he have and exercise?e.

!. . How well do you think the applicant does the work assi;ned to him?

4

I

*::o t e : If you wish to make additional comments, please include ther on a
separate sheet.

(ove r)(Please return in dupli: ate)

n't-
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5. What specific and noteworthy accomplishments, if any, has he made in
the radiation protection ficid?

6. that licitations, if any, does the applicant have which might ad ve rs ely
influence his capacity to practice health physics on a responsible pro-
fessional level?

-
-

a. How well does he work with others?

b. How ef fectively does (or would) he perform as a cor.sultsr.:?

7. Wha'. is your estimation of:
a. His honesty?

b. His professional ethics? ,

8. Do you have any reservations about reco=:ending the applicant for c2r-
tification? Yes No (If yes, please explain)

Printed Same: Title:

Si; nature: Adress:

Date:

362 036
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The remainder of this atttachment fortheccing at a later date.

~
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AMERICAN E0ARD OF HEALTH puy37cg

ITE't CLASSIFICATION SCHO I

No. of A3HP
FlE N .C.'ALS Bank Itemsu.

01. Sources 24

02. Units 14

03. Atomi. Structure
204. Decay

05. Interaction of Radiation
with Matter 23

06. Radiobiology 24
92

02. MEASUREMENT

01. Personnel Dosimetry 7

02. Bioassay and Whole Body 6

Counting
03. Instruments 24

04. Calibration 4

05. Measuremcnt of Radiation 23

06. Statistics
07. Radiochemistry and Sample

Preparation 5

08. Dose Estimates 7

76

03. OPERATIONAL HEALIH PHYSICS

01 Laboratory Design 2

02. Shiciding and Equipment
Design 23

03. Contamination Control 4

04 Surveys and Inspection 3

05. 'Jaste Processing

06. Emergency Response 2

07. Criticality Controls 2

08. Accelerator Safety 1

09. Reactor Health Physics 3

10. Environmental Surveillance 12

11. Waste Disposal 6

12. Hazards Analysis 7

13. Medica... Health Physics 2

67

04 HEAL"~d PHYSICS ArrDiISTRATION

01. Standards, Guides and
Regulat:Ons 39

02. Medico-legal Aspects
03. Data Evaluation 1

04 Emergency Planning 2

05. Public Relations
C6. Procedures

62

Total Itecs 277

5/75
,-
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AMERICAM BOARD OF HEALTH ?!iYSICS

ITD1 CLASSIFICATION SC:IEME

No. of Items
In Process No. of Reviewed
Ready for Items ready

Outside Reviewer __for Cardinz
01. FUNDAMENTALS

01. Sources 2 5

02. Units 2 4
03. Atomic Structure 5 2

04 Decay 3 5

05. Interaction of Radiation
with Matter 10

06. Radiobiology 2 1

02. MEASUREME?.I

01. Personnel Dosimetry 3

02. Bioassay and Whole Body
Counting 1

03. Ins trument s 1

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 2
04. Surveys and Inspection
05. Waste Processing
06. Emergency Response 2

07. Criticality Controls 1 4
08. Accelerator Safety
09. Reactor Health Physics 1

10. Environmental Surveillance 1

11. Waste Disposal
12. Haanrds Analysis
13. Medical Health Physics

Cl. . HEALTH PHYSICS AO!C'GS'" RATION

01. Standards, Cuides and
Regulations 3 5

02. Medico tegal Aspects 1

03. Data Evaluation 1

04. Emergency Planning
05. Public Relations
06. Procedures

25 65

Total 90

362 039 .---
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This attachment will be forthcoming at a later date.

.
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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 11 e~. amination. The Power Reactor, Part II, examination

is made up of two sections. In section 1, 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:

Technical 8.dministration Air Sampling
Professional Judgement Protective Clothing and Equipment

Design Revied Respiratory Protectica

Plant Systems Instrument Selection, Operation

ALARA and Calibration (includes survey,

Radioactive Material Control effluent monitors and counting

Radwaste Management room instruments)
Emergency Planning Decontamination
Procedures Personnel Dosimetry

Training Bioassay 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 Current Topics

Contamination Control

the sa=eGrading criteria for the Power Reactor Specialty exa=inatic -

as those for the comprehensive examination.

0b\76)< t 'v
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Addendum to Examination Preparation Guide

The subject content of Part I of the examination is changed to eliminate
questions in specific areas of expertise. The goal 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
deleted from Category 3, Operational Health Physics:

h. Accelerator safety

1. 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
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Section 1

Messace to Candidates

This guide will help you prepare fer the ABHP certification
examination. However, use of the Guide by itself will not be adequate
preparation fcr the exam. Successful candidates usually start their pre-
paration months befcre 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 infcrmal 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 .:ubjects 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
folicwed a comprehensive study program.

Because candidates credentials are reviewed carefully, the

Board feels that all applicants declared eligible to take the examination
have a good probability of passing. You can avoid thc disappointment of
poor performance by recognizing from the start thet the exam will be a
rigorous test of your professional knowledge. Your grade will represent,
for the most part, the thoroughness of your preparation.

Now that you know the key to gcod perfermance or. the exami-
nation, the Board wishes you success in achieving certification.

362 046
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Part II questions and problems are designed to test judgment,
the ability to analyze and crganize complex proble.ms, and the use of practical
skills at a high professional level.

Constants needed fer the solution of numerical problems are
provided. Lcgarithm and exponential tables are also made available to
examinee s . Standard slide rules and non-prcgramable calculators may be
used during the exam, but so-called " health physics" slide rules are not
permitte d .

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

Further information about the certification program may be
obtained from the chairman of the American Board cf Health Physics. Please

write to:

Mr. Bryce L. Rich
Allied Chemical Corp.

550 2nd Street
Idaho Falls, Idaho 83401

gG-3-
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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 categcries: 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 is a plausible answer. Selecting the proper answer

requires thorough knowledge of the subject matter. For example, in

questions that require calculations, answers other than the correct one
are obtained by making some of the common calculational errors. Thre e
hours are allowed to answer Part I (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 scrae typical Part I questions.

Part II is an essay type exam which is made up of sixteen
que stions . The candidate may select any seven of the questions to answer,
and has four hours in which to complete Part II (given in the afternocn of the
examination day) . Part II contains 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 repercessing)

Medical

Power Reactcrs

University

Under each specialty area, one of the two questions is specific
to the specialty area to allow the specialist to demonstrate his experience

and ability: while the other question is kept more general so a cerson withcut

detailed experience in that specialty, but who has studied in the scecialty,

should be able to answer it.

%2 0W
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p. Data Evaluation
q. Emergency Planning
r. Public Relations
s. Procedures
t. Non-loni Ing Radiation

y6'-) Giks
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Section 3

Part I - Tocics Ccvered

Part I of the exam is broken dcwn into three general categcries.

The number of questions in each category and the subjects covered in each
category are:

1. Fundamentals - 50 questions

a. Sources
b. Units
c. Atomic Structure
d. Decay
e. Interaction of Radiation with Matter
f. Radiobiology

2. Measurements - 30 questions

a. Perscnnel Dosimetry

b. Bio-assay and Whole Body Counting
c. Instrume nts
d. Calibration
e. Measurement of Radiaticn
f. Statistics
g. Radiochemistry and Sample Preparation
h. Dose Estimates

3. Ocerational Health Physics - 70 questions

a. Laboratory Eesign
b. Shielding and Equipment Design
c. Contamination Control
d. Su:veys and Inspection

e. Waste Prccessing

f. Emergency Response
g. Criticality Controls

h. Accelerator Safety

i. Reactor Health Physics

j. Environmental Surveillance
k. 'Naste Disposal

1. Hazards Analysis

m. Medical Health Physics

n. Standards, Guides and Regulations
o. Medical-Legal Aspects

[\ E O
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4. Which one of the follow'.ng statements concerntag radicactive

decay is correct?

1. 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.

3. In transient equilibrium the activity of the dr.ughter is

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

shoner than that of the parent.

5. Transient equilibriu.n exists if the half-life of the parent
is very much longr.r than that of the daughter.

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

1. Sodium
2. Nitroge n
3. Oxygen
4. Hydrogen
5. Carbon

6. An investigator has received some Zirconium-95 (T4 = 65 days)
for use in a long-term study. He finds the Zirconium to be

contaminated with Cobalt-60 (T1 = 5.24 years) such that the
60 95 r is d.012. After the initial assay,ratio of gCi Co/p C1 Z

the activities of the two emitters will become equal in:

1. 280 days
2. 290 days
3. 340 days
4. 360 days
5. 430 days

7. The International Commission en Radiation Units and Measure-
ments has considered it necessary in radiation protection to
provide a facter that denotes the modification of the effective-

ness cf a given abscrbed dose by linear energy transfer. This
facter is:

1. Dose equivalent

2. Relative distribution function
3. Qualit" f actcr
4. Relative biological effectiveness

5. Distribution facter

-7- } Qff!
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Section 4

Part I - Tveical Ouesttons

Fundamentals

1. The Roentgen is equal to:

1. 1.0 Coulomb /kg.
2. 1.00 x 10-3 Coulomb /kg .
3. 5.28 x 10-3 Coulomb /kg .
4. 2. 58 x 10-4 C oulomb/kg .
5. 5.28 x 10-4 Coulomb /kg .

2. The term solubility or transportability, when applied to the

metabolism or radionuclides, refers to the:

1, Metabolic breakdown of a radionuclide - containing

compound which allows its incorporation into body

tis sue s .
2 Solubill:ation of a radionuclide - containing compound

by means of hydration, ion exchange, er esterification

re actions .
3. Trans1ccative dissimilation of a radionuclide - contain-

ing compounc by means of biological-chemical action

such as enzymatic attachment and catabolism.
4 Procerty of a radionuclide - containing compound which

results in its transfer across body membranes.

5. Translocation of a radionuclide - containing compounc

from one point to another under conditions of physio-

logical dysfunction.

3. The collectiori of ions produced as a result of X cr gamma ray

interactions in a given small volume of air under electronic

equilibrium conditions is a measure of the:

1. Dose equivalent

2. Linear energy transfer
3. Absorbed dose
4. Specific icnization

5. Excesure

y) O -) Qbt'
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Ocerational Health Physics*

1. The half-value thickness for 1 MeV photons in lead approxi-
mates I cm. A 100- millicurie essentially massless scurce

of Zinc-65 (gamtr.a-ray energy = 1.12 MeV) produces a dose
rate of 30 millircentgens/ hour at 1 meter without shielding.
What would the dose rate be at about 10 cm from this source
with the addition of a 5-cm thick lead shield if the build-up

factor is 2.1 ?

1. 0.02 millircentgen.'hcur
2. 0.9 millircentgen/ hour
3. 2 millircentgens/ hour
4. 20 milliroentgens/ hour
5, 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?

1. Fcedstuffs are analyzed beci ase 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.

3. Muds are analyzed because they are often good indicators
of the histcry of radionuclide wastes in an aquatic envir-
enme nt .

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

5. Milk and milk products are analyzed because these are
generally the majcr avenue of intake of Strontium-90,
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:

1. Cr/ogenic distillation

2. Chelation with EDTA
3. Adscrptica en activated carbon
4. Countercurrent icn exchange

5. Abscrption in freon

-9-
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Me a sure me nts

1. Which one of the folicwing solid-state materials has the most
constant response per reentgen over the energy range of 0.01
to 1 MeV when used as a dosimeter without special shields to
correct for energy dependence ?

1. Calcium Sulfate
2. Calcium Flucride (CaF2:Mn)
3. Ls.hium Drifted Germanium
4. 'ow-Z Glass Rods
5. Lithium Flucride (TLD-10m

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

1. Inertia of the meter movement
2. Range selectcr resistance
3. Circuit capacitance

4. RC time constant
5. Incident X-ray photon energy

3. In a satisfacto:,/ ' air-walled' ionization chamber the ioniza-
tion per cubic centimeter would be:

1. Inversely proportional to the density of the gas in the
chamber ,

2. Inversely propertional to the gamms ray energy absorbed
per cubic centimeter of wall material.

3. Directly proportional to the stopping pcwer of the walls
for electrons .

4. Independent of the density of the gas in the chamber.
5. Independent of the volume of the chamber.

4. Unless some type of internal cr external quenching is used,
a gelger detector will retrigger because of the:

1. Breakdown of the detector gas caused by interacticn with

the negative icn sheath.

2. Bremsstrahlung produced by the negative icn sheath during
the avalanche.

3. Cecrease in the density cf the pcsitive icn sheath caused

by recombination cf the ion pairs .
4. Electrcns released while the pcsitive ion sheath is being

neuralized at the cuter cathcde wall.
c. txtraneous noise produced by the high-voltage pcwer supply

in the circuit.

._ ..
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4. The medical radiation exposure of a patient cannot be reduced
by using:

1. High KVP techniques
2. Short time. high MA techniques

3. A 3-mm aluminum filter placed in the X-ray beam
4. A high speed intensifying screen
5. A larger target to film distance

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

1. Tantalum
2. Carbon
3. Beryllium
4. Aluminu n
5. Iron

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

1. Enters an crea such the he is likely to receive 1.25 rems

to the whole body in a A2arter.
2. Performs an oneration such that he may receive 18.75 rems

to his hand.; in a quarter.

3. Under 18 years of age may receive any amount of radiation
regardless of how littL. the exposure may be.

4. Enters an area such that he is likely to receive an exposure
in excess of 10% of legal exposure values.

5. Enters an area such that he is likely to receive an

ex,,osure in excess of 2 5% of legal exposure value s.

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

'1. Proportional to the ficw rate of the sampler.
2. Dependent ong on the total volume of air sampled.
3. Dependent on the period of time ce red fcr radioactive

equilibrium en the filter paper to be established.

4. Dependent en the volume of air sampled after radicactive
equilibrium on the filter paper has been est olishec.

5. Independent of the ficw rate of the sampler.

n- .
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Section 5

Part II - Cooles of Past Six Exams

.
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Answers

Fundame ntals

Quesden #1 4

Question #2 1

Question 43 5

Question 44 4

Question #5 4

Question #6 5

Question #7 3

Mea sureme nts

Quesdon #1 5

Qt. astien #2 5

Question #3 5

Question #4 4

Ocerational Health Physics

Question 41 5

Question #2 2

Question #3 3

Quest.on 44 2

Questien 4: 3

Question e6 5

Questien #7 1

Questien 48 2

Questica 49 1

, . -
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A3H? EXAETATICN 16 FAr II

June 12, 1972

e.37. r. . . . re n _o. A t .. v .c:,d .: I-,

. .use

PrW*f W/_T . ',#. w"L 'Q ca v .h =~ . .

Ouestien al

Y u are asked to ceasure absorted dose from gn--a radiation in various sterials
under various conditions. For each case shavn bel:v list the quantities y:u need to
khcv t cake the =easurement := an accuracy of a few percent. Show also the formula
you vculd use to calculate the dose frc= the ressurement you :sde.

a) You have a s all air-filled, air-equivalent vall ion cha:ber calibrated
in reentgens for 1 MeV ga==a rays.

You are asked to =casure absorbed dose in vater from 0 5 MeV gn==a rays.

b) You have a s=all capsule of the=0-1"-"escent desireter (TC) :sterial.
The capsule valls are tissue equivalent. The TD is calibrated in reentgen
f:r 0.ce2 MeV gn==a rays.

You are asked : =easure absorbed dose. in tissue f re: 0.6e2 MeV gn==a rays .

c) You have a s all air-filled ion cha=ber with aluminum valls calibrated in
reentgen for 250 kVp x-rays.

You are asked t: =easure absorbed dose in lead from C garra rays.

Ouestion J2
-

In assessing the radicl:gical environmental t= pact of a power reacter located on a
fresh vater lake, zany possible pathways or : des of Off-site human exposure must
te considered.

a) Iist 10 such possible pathways.

b) Assu=e a boiling vater resetor with once-through secondary c cling vater
relaased to the lake, and a gasecus effluent syste= equipped vitr a standard
30 rinute delay line f:r gases and n: charecal abscrters. *4hien pathway
vould y:u exgect to centribute the ::st dcse :: :ne populati:ns within a 5C-mile
rsdius?

c' Iiscuss (briefly) sc e of tte inf: =sti:n you sneuld have :: de a : re : plete
eva'.uati:n f ne rela tve i. pe:~ance of eacn patnvay.

.

OQ\S

d.
.
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A3H? xamination 16 - Isr :: -3-

Ouestien di

Assume you have been asked as a censultant to audit the radiation safety progra:
Of One Of the follrving nuclear facilities. Prepare a eneck list Of the ite=s you
should censider, and discuss the ressens why each is i=pertant.

State your choice:

1. Nuclear Fuel Reprocesstng Plant

2. Radi. phar:aceutical Manu'acturing and Supply

3 Industrial Radiography :nvolving X-Rays and Isotrpes

4. t. ~.va -. 4. a . . - * 7. a ~. 4. .' .* . -y..

.,

Questien =c

An emp10yee at a facility where y0u are the health physicist has been involved in
an ine' dent wherein he is suspected of having inhaled plutoniu= 0xide (insoluble) .

a) C:= pare the advantages and disadvantages of attempting to determine his
lung burden due to Pu-239 by direct counting techniques.

b) C:trare the advantages and disadvantages of using the 60 kev photen fr = tte
A=-2hl present to determine the Pu-239 lung burden.

:) C:= pare the techniques Of (a) and (b) with urine and fecal sa:pling.

Ouestion Y-

? u are asked to censult in the design and installati:n of a 15 MeV electron accelerator
.: be used f:r cancer Onerapy. The electron bear vill strike a thi k tungsten target
in -he accelerst:r to produce x-rsys.

a) There is a choice Of .aterial for collinators and target shielding,
......,a.,,.u,..n..-....A. a..a y .,.n,r. m ., z.u.. .;u. . .< ,

. . . .. . ..a.c

b) The accelerster is t: 'e insta' led in a ce whier previcusly 5:used.

a ._s-c .e,.. .ra,,. . . < . . ... ..c= .as a .. ...<,.y ...........a-,.,g..a.c. .

. _. ... . . . . .. .... .

- . . _ s. a - .n e .. .c. . a-.. ..< .. .... ,_ ./2 <.. ,ay.- .r. .= u. s .o .s x . a. .- .. < . . a- <. .a .,s. 2- ..
.. . . .. . . . - . .

..

Cis:uss vnat you would censider in evaluating tne adequacy Of the accelers ::
. . . . . . a < .e .a.a.....-, a. .... -

-- .

i

u? O b .-
s u-
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A3HP EXAMINATION 417 FAF.T II

June 13, 1973

PART II - AN5;M AhT SEVEN

TO"'AI TIME: 3 HCL 7S

Question di

Describe in detail the advantages and disadvantages, energy dependence and
sensitivity of 2 of the following personnel neutron dosi=etry syste=s.

1. h*TA film
_

2. LiF- LiF TLD

3. Albedo

4 Fission Track

Ouestion #2

The health physiciat's evaluation of radiological exposures to =an and his
environment from man-nade sources is complicated by the existence of natural
scurces.

Consider the following natural contributors; ' K, cos=le radiation, uranic =
series and thorium series. For each category below, briefly state how they
might affect a health physicist's ceasurements.

1. Air monitoring,

2. Sample counting,

3. In vivo counting,

4 Radiation background ceasurements,

5. Calibratien of low-level instruments,

6. Materials f or ::nstruction and shielding of low-level :cunting

facilities,

7. Re.dicchemical analyses including naterials and equi: cent used.

.

p

-19-



A3EP Examinati:n 16 - Part II -5-

..

Questian =10

A radi: chemist is planning to analyze lunar samples by activation analysis. In
developing his analysis procedures he activates a number of knavns including antimony

1#o-

a) 3ased en the inf:r:ati:n provided, hev ?.uch ~5b activity would he have
at the tire he initiated his verk?

b) '4 bat would be the dcse rate at 1 f ct frc: the unshielded sa=ple? State
all assumptions. Use " rules of thumb" if you wish.

c) '4ha; precauti:ns would you ree ::end for handling this sa=ple assu=ing
' . '. s c '. e ', ulva. . *. - a d '.. . ..

d) In v,erking up the sb sa=ple he nas a spill which results in, inhalation-n .

O f '"#5b. Eis initial body burden is determined :: be Lx10- MCL. If the

G, C:C ) a for ,ao- o. .s 3 10 ' , , c. t /. z' , ~- 1 4' *''s 1..c '. de .. -a.~ *..-a- . a v e. .- . e-
-

. .,
-

. . x--. -.

:: the AIC (or State) Authorities? ( Assu=e a breathing rate of 10' =1 per
- w.- .~. s.,

Cata for Anti =0nv Sa rle

Sa:ple Mass: 1 zg anti = ny

Isotopic Abundance of L2'' Sb : 57 25%

'Co
12 ' =>. -- :b.

~

e. -. a s m= e n.< . -.. _ o.-. . . , o. . .

0 barnsReacti:n:

too
Half-life of ~''Sb: 2.3 days

Principal Ga =a Ray: 0.5ch MeV (704 abundance)

3 Particles 1 97 Me7 (70% abundance)

1.k0 Me7 ( 30% abundance)

Ti38CO
('v 7) 2/n o)v -

-~

' :. .a..e .~.~ ,a
w

05 0.2

0.i n..-,

1., C."

3 10a

44 v

*

* * r. A. t. 4. . e..s. .-., 4 4.a 4. . . -.s . .._. . .

: a. . ,- a .t a . a. ., .. .s-a. . a. . -. -- . ja
..

2La
-,ux _ensity- - x ,.e. n ,. er -se::.

Elapsed time te ween end Of irradia-
1 r snd star of work: 2 days _ , 3,

b
-1 B-
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Cuestion 45 (Cen:inued)

the various radioactive wastes resulting frc= the reprocessing of
irradiated fuel.

a) Brief!v discuss in general ter=s the quantities and ha:atds of
the gasecus, liquid and solid waste =aterials generated in the
reprocessing.

b) Describe the treat =ent and disposal methods appropriate to the
various radioactive wastes identified above,

c) Identify the radionuclides which will centinue to represent s

hazard over the first several hundred years, and those which
represent the ha:ard over thousands :o =illions of years;
describe some of the proposed solutions to the proble= of
" ultimate disposal" of these =aterials.

Cues: ion d6

A release of airborne, particulate, alpha-e=itting activity has occurred
in a large roc = in which there are glove box operatiens with various heavy
metal alpha e=itters. The release was detected by an alpha air =enitor

which alar =ed. The four men who were in the roo= left followirs the
alarm. You were notified within a few minutes and reported i==ediately
to the scene and find that the exact source of the release is unknown,
the four =en are conta=inated and none was wearing respiratory protection.

You are the lead heal:h physicist, have adequate staff assistance, and
your f acility has a medical staff, in vivo ga=na/x-ray counter, bicassay
lab and radioanalytical labs.

List,in a rough chronological order, the actions you would take, the
reco==endations you would =ake and the reascn for each.

Questien 47

Radiation effects are influenced by :he densi:y of energy depositi:n of the
impinging radiation. Sc=e radiation delivers energy to a relatively large
volume of the cell (e.g., ga==a rays) and has a low relative biological

effce:iveness (R3E). Cther radiation delivers energy to a highly localized
part of the cell (e.g., alpha par:icles) and has a high R3E. Several :losely

spaced ionization events are referred to as an "icn cluster."

Tumor cells having critical structures with 10' c= diameter are being

irradiated. Asst =e that one ion cluster has an energy density of 1C0 eVii;n
cluster and : hat one ion cluster will des : y or inactivate ene cell.

7 7 {hh-21-
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Question 43

ac
''Kr is continuously released from operating nuclea: reactors to the
environment.

25
(1) Briefly describe how you could monitor for "'Kr in the stack effluent

when it is casked by other short-life noble gases.

S'3 Kr
36 0.417.

9 9 . ( '." 0.514 0.98

2~5
Rb

37
5 0

(2) Briefly describe how you could =enitor the environ =ent near a reactor
boundary for S5g ,

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

(4) Describe how you would calculate a maxi =um estimated radiation dose-rate
(skin and wholedbody) to nearby residenEs (e.g., a few miles away) based
on the = ensured release rate at the point of release.

Questien 44

NBS Handbook 97 Lists neutron attenuation coefficients for various shield
materials. In particular, for 4 MeV neutrons, the attenuation coefficient
for iron is 0.31 c=-1 while the attenuation coefficient for ordinary concrete
is 0.157 cm-1

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

b) Design a cocbined iron and concrete shield for a 4 MeV neutron source
emitting 5 x 1010 neutrons per second isotropically such that the
fast neutron flux outside the shield at 2 ft f:cm the source is less
than 5 neutrons-cm-2 3ee-1,

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

Cuestion d5

One of the important health physics problens arising f cm the generation of
electrical energy by the use of nuclear reactors is the safe disposal of

i

''

U :V., O, a-20- ') a
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g s:!cn 49 (Continued)

Attended Parking Let

G
AD e

Attended 5 - ..
sElevator 10'

|X-ra'f spot
tube

feca 10' M 4'
Cerride Radic1cgists

,

10' 10 - Office
lavat01*g/ ,

trol

C 4 3

(3)Iechnologists W
lounge Waiting

Room

'TAxLE 5- .5kielding req 1sirsasants for radiog=cphi: installatiom

M la mA e4a/ week
T.insance is Feet few Sour e CC. Ray Tabe Taeg 0

im Occupat Asea
los kYp til hyp tse kVp

14 f 3) | OS | 401,0C0 400 IO 5 7 10
500 000 100 5 7 10 14 20 ||S 40
250 100 50 5 7 10 14 20 25 40
105 50 $ 5 7 10 14 ||0 23 40

14|20
62.5 25 12.5 5 7 10 S

f|Type ed Ana Mauri43 Ftr . niective 3.nwr nie.ssess

ControIIed Lesd, =rs* fl.9 |1.3!91.4fl.2 !1.0 'O.75'O.5 ! 0. | 0 | 0
Noacon trolled Lead, mm* 2.55:2. 4 * :|1.95!1.7 |1.511.23; 1.01 0.3! G.5.

f | I
4.0 '3.3 |0.7 ;2.1 f

Controlled Concre te, in 3.3 .5.2 4.G 1.Gi 1.0 0.4a

! 24.0 7.3 i 6.7 6.0 3.4 |4.3 |4.1 3.5! 2.71..2 %Noncontrolled Concrete, in a
* '

'.y rn=two a.<re, n Lan.
i i i .w u

| |
'

u -d- .. . s
'

Controlled | Lesd. nm* 10.!J0.4 | 0.$0.1 | 0 0|0 1 % \$-0 i 0 0
Noncon troIIed! 1. cad, mm* ,1. * 1. 0 . 0. 3: 3. 6 0. +", 0.C] 0.11 01 0' O -..

'

! ! ! | |i %Centreiled | Concrete, ina i .J .1.4 3.30.2' O O|0'O O'0 %t
Foncontrolledi Concrete, in 3.3 ;;.2 j .6; .1 1.5 1.0 0.6 | 0 1 ^Q04 0a

* W-workiesd in mA mm/ week. U* .se factor. T--occu;:sney factor. 49-
* See Taoie 25 for conversion of t.uckr. css ;n :rullimeters to ineses or to surface NV ,

det.sity. \%.
* Thick =ese basca on concrete density of 2.05 g/cm* (147 ib,W). 3

-23-
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Question 47 (Continued)

a) Which of three radiations having linear energy transfer's (LST's)
of 10 kev /u, 100 kev /p and 500 kev /ja would you expect to be the,
=ost efficient for tu=or destruction where the tu=or is given the
sa=e total dose for each of the three radiations? Why?

(1,n = 10"" c=) ~

b) If the tu=or were irradiate 4 using the =est effective radiation,
with 1000 rads, how =uch would the average te=perature increase
in each cell? (4.18 x 107 ergs / cal; assu=e tu=or tissue = water).

c) Many tu= ors are poorly vatcularize4 particularly near the center,
and hence are far fre= oxygeu-saturation. Discuss the " oxygen-
effect" for lew LET radiations.

Question 48

The liquid contents of a beaker containing 10 millicuries of I

accidentally boils to dryness in a laboratory measurir.g 4 =etets x 4 =eters
x 3 =eters high. A person working in the roo= breathes the vapor for 30
=inutes before discovering the accident. Assu=ing a breathing rate of
1.25m3 per hour, and the fraction of the inhaled iodine reaching the
critical organ was 0.23:

1) Calculate the =axi=u= uptake by the critical organ

2) Calculate the =axi=u= dose coa =it=ent to the critical organ (re=s)

Whole body weight = 70 kg
Thyroid weight = 20 g
T. = 13.3 days Tb = 138 days
21F (R3E)n = 0.16 MeV

3) Why does this probably represent a maxi =u= dose estimate?

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

Cuestion 49+

Shown below is the plan view of a proposed 125 kVp radiographic x-ray
installation to be used for general radiography. The useful bea= can strike
all barriers except A- 3. For a workload of 400 =A-=in/ week, specify the
lead thickness required at 5 of the 7 points. State all assu=ptions on

which your calculations are based.

See the following page :.* tabular data.

\"\ f' kb>3<
,
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AEHP EXE4I"aTION 413 ?.iRT II

July 8, 1974

PART II - A.;S'iER MiY SE'!E.'1

TOT.1L T DtE : 3 FCURS

Questien 41

A salvent vapor e.<plosicn has uken place in a source :ncapculaticn ft:ility
at the U. S. Radicnics Ccmpany site. The most recant isotope irvent:cy for
the facility indicates a total contant af 10 :g of 252Cf as the oxide.
Cantinucus air cnitors ;ith audible alarms indicate si.jni ficant : cunts
of alpha activity. Three of the facility cccupants have evacuated to a
pre-assigned nold-point just cutside .ne facility entrance. As airector.

of the health physics emergency response te:m discuss the follc. sing:
y, ; , , ,,, 1 e

2 1. Ycur pricrities in the initial response.

3 2. The steps you ' ould take for proper total respense..

3 3. Personnel protecticn for te m members.
2 4. Mcnitoring and surveillance for cleanup cperaticns.

Data on 2s:Cf:
a) Specif5: neutron dose rate: 2.4 x 103 rem /hr.;m. at 1 m.

b) Specific gamma dose rate: 1.4 x 102 ram / h r. gm. at I a

c) Specific activity (alpha)- 5.37 x 102 Ci/gm

d) MPCa (40-hr ..eek). 3 x 10-11 ;Ci/cm3

Cuestien #2

An employee working in a gidve box ccntain ng 239 pug discovers that he2
has a heavily contami :a ed hand. It was determined that the c:nta. ina icn
was the result of a hole in one of the glove box gloves. :: sas esti a:ec
frcm a recording air m.cnitor (with a defective alarm) that the cr;l:yee
was exposed to an airborne 23sPuG2 ccncentraticn of 4 x 10 3 ;Ci/c 'c r n e
hour. Frcm cascade ' cactcr results the mass median acredynamic ; art clei

size (WD) was estimated to be C.5 u., , a ,n e,c ,n: :e

7 a. Given the revised lung redel data :n the attached :a;e and
ass ming aniform anergy :e;csi ica in the lungs, cal:ulate
the total integrated ccse in rem :o the pul enary 2g':n :f
:ne lunos.-

3 b. 3riefly discuss the current controversy surrcur.d',; the
assumptica of unif:rm energy da;csiti:n in the lungs fcr an
inhalati:n a;;sure of :nis type.

q- t

c7 Ub.
-40- ' L*m-
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Cuestion 410

A quantity of tritium was accidentally released. Bioassay data indicated

assi=ilation of tritium by exposed individuals.

a) An initial tritium activity measurement in urine 'or one case was
'

3.4 x 10-3 pCi/ml and 5 days later was.2.4 x 10- AC1/ml. Estimate
the retention half-period of tritium for this individual.

b) Identify one treatment thet might be instituted to reduce the total
integrated dose.

c) One urine sample measured 23.4 c/=, including counter background,
compared to a background count rate of 19.1 c/=. If both rates were

determined by 100 minute count times, estimate whether or not the
observed count rates are statistically different.

d) Some of the accidentally released tritium is ultimately discharged
to the environment. Mechanis=s which have been found to be
important in the reconcentration and redistribution of environ-
mental radienuclides include bioconcentration and transpiration.
State in one or two sentences the importance of these cechan!1ms
in determining the enviromental behavior of tritium.

O"! O
16l

,

3
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?cint '!alue Cuestien 43

10 A radiation dosimeter is made frcm a cubical plastic scintillator
(5 cm cn a side). The light cutput is detected with a photcmultiplier
tube and the resulting current is measured with an electrcmeter. The
dosimeter is calibrated with a 137Cs source with an activity of 4.5 mci.
The electrcmeter reads 6.0 x 10 7 amperes (backgrounc subtractec) <, hen
the source is placed 1 meter frcm the center of the detector.

An Iadine-125 source gives a reading of 2.3 x 10-6 amperes at the same
distance (backgrcund subtracted).

'ihat is the expcsure rate at 1 meter frcm the Iodine-125 source? T'e g l ec t.

the effect of scattered radiation or the inverse-square law distance
variaticn through the detector. Assume the energy flux density falls
off in the crystal as e-"enX and the radiation is incident normally
cn the crystal face.

Data 137Cs 12SI
0.56 'deV 0.C27 "e'.

2,iass energy absorption coefficient, cm /g, for crystal 0.031 0.097
*

Ga-ma photcns emitted per disintegration 0.935 .07

Mass energy absorption ccefficient, cm /g, for air 0.029 0.252

Ocasity of air at O'C, 750 mm 0.001293 g/cm3

Density of crystal 1.0 g/cm 3

Mean electron volts to prcduce 1 'an pair 34
Charge on electron 1.6 x 10-13 Coulcnb
Ion pairs /cc - Roentgen 2.08 x 109
Coulomb / gram - Fcentgen 2. 58 x 10-7

Cuestien 14

Give the physiolcgical effects to be expected frcm the fclicwing acate
. . exposures:
.-oin ,,alue..

2 a) 3C0 rad to the whole- cdy #rce iOCo gamma rays ;
2 b) 25 rad to the wh;le ::cdy #ccm i2C0 ;1mma rays ',
2 c) 10C0 rad to the hands 'rcm 32? : eta -2ys ;
2 c) ECC -ad to the ahole-tcdy f rca fast neutrcns.

2 How would ycu mccify jcur answer i' tne ex csures were r'': rm.j I;reac
:ver 1 ;er#cc af :ne year?

7Jb- L) ,7 ,i
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DATA for PRCSLEM #2

2' ita:s of pulmonary regicn of the lung 3 = 6 x 10 grams

239
Pu :E(.O E)n = 53 "eV

1 !!av = 1.6 x 10-6 ergs

3reathing Rate = 20 liters / minute
239?uG is a Class Y ccmpound

2

iCO -

y.:cm C:?:mm ros f.'st wrnt TGL' f Cttm.Ncz Moctt.t | ( |f| | |
*

'

- 50

Ca.npow d c!:ss
" put'. ::au - o L :: 4

| | | | |'

20

'' . n ?::hv.ay (D) | CN) (Y) g | | )|f| |-

I | \||| | |N-P (a) 1.01 d|0.5 0.0! d|0.! 0.0! d!0.01 ,

(b) ''.0 I .!/0.5 0.4<j,0.9 0.4 c,0.99 El * .

T-3 (c) 0.0!dic.95 0.0! f.0.5 0.0! d|0.01 d 2 --t :
(d) 0.2 d,0.05 0.2 d,0.5 0.2 d,0.99 W

,

s to

$ 05| | | || | | |
1P (c) 0.5 d|0.3 !O d;0.15 500 dio.05 g

- --:I(f) - I d;0.4 1 d,0.4 '

|
,

(0) - 50 d,0.4 !CO d,0.4 o
"

| 1) .,2
(h) 0.5 d;0.2 !O 4/0.05 X0 d|0.15

ov

4_| | ! |k | | | |L (i) 0.5 d/1.0 !O dit.0 Ic 0 e.0.9

3 .J | | | | ! ! !
'

-

=s
'c ) "b ) T I l |I

es::v. ye a

,, | I3 e . ., . .e ., t. .

m, |
. 3

(c)

: ecit
. | |

i

! ,;=g.,3. y ; g-4 .i '19 77
o ,,.,, e n .~
c a rp - 01 i c 201070 30 n 323,

_
,. .. . , - , .

*p O * * 0 19 'd I
q , r' g ; * r.. I a f .; e e. . * = gg

a
.i s.. . . . . ww-

10. o k. *O dCf:!al 03 CIN"":;O .O r "..O ['4k"-k:g,=L ;
.

= = n =, c w. w ===e . a e u = i=; =
=c.f.:r::e wce:< :::c. 1.Ter::: .ar:se. f::n-

::p =cn::. ' y : n: mu er m. y* D: ?.m: sa'u- Es:e:: .'s th: 5:G; e:! h:.f Gre: the s.:cond is the r:;ienal m : s ar: :

fr2c:fon. =cf a ct:c'yas nic c. =:: cts (0.U' :a --1 0)..

362 072
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AS4P Examination #13 - Part II -3-

Point value Cuestien 15

10
Differentiate the merits of NaI(TI), Ge(Li), and Si(Li) for gamma
spectrosccpy of enviror. mental samples frem uncontrolled areas.

Question 16

As a health physicist in a fuel reprccessing plant, ' ew aculd ycunhandle each cf the follcuing?,.

rein t ,/alue

5
a) You . ire required to analjze the stack effluent for radioicdine

in particulate, elemental, organic and other forms. 3riefly
describe hcw you aculd sample this effluent, analyze the
sample, and interpret the results.

2-1/2 b) You are asked to show that your stack sample probe is i:o-
kinetic. How would you do it?

2-1/2 c) List the factors '.,hich detarmine the rate at which liquid waste
can be discharged to a stream. List at I A.st fcur of them.

Questien 17

A cut scal n:c.m 3 ceters on a side, ccntains a 14 MeV neutron sourceat the centar emitting 1015 n/sec. It is desired to shield the rccaso that the dose equivalent rate in adjacent rooms is less than
2.5 mrem /h. Ten-foot : hick walls of ordinary ccncrete are planned.
The rcof will h1ve two feet of cancrete.Point ,/31ue.

a) Calculate the dose equivalent rate * coming thecugn'' the alls,
,

'

cnd the percentage due to ga:.ma radiation.

2 b) Discuss the adcquacy of the overall shiciding desi;n. Coyou foresee 'any problems?

4 c) ' hat additional rzdiatica problems aculd be asscciated with..

the cparation of this facility.

State any assumpticns yoc make that affect
your discussion with calcu'aticns acere a:;your ansoers , and suppcetro p ri a te .

Given: Figure (attached)

., :
4 J .:=g, "

'?,* 12 n/cm -sec = 2.5 mrem /h
2

4' ' ,

neu,trcn :E abscr tion : ef#icient in rdinar/ c:ncrete = :.37 :m lneute:ns ~

(inc,:. des neutrcn bulicuo).. s -
,

h'

\..a
,

a] V

-28-
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AEliP Examinaticn 113 - Part II -5-

Guestion #9

A radicchemistry laboratory in a facility consists of a high level lab,
a low level lab, and a counting cccm all in one ccmplex.

.- 011 t '! a l u e
,.

4 a. Discuss the design of the air supoly and exhaust system for this
ccmplex. Include such things as air ficw paths , ficw cites ,
filtration, air treatment, ;lacement of exhaust. fans , etc.
Give reasons to justify cach of your design recommendations.

4 b. Discuss your recome.endations for the drain system in this cc clex.
Include such things as appropriateness of segregated driins
recommended materials of construction, routing, trips, atc.
Give reasons to justify each of your design recommencations.
(Assume the facility of which this icb complex is a part also
has a raduaste treatment complex.)

2 c. Discuss your reccmcendations for ficar and wall coatings.

Cuestion 310

Give an explcnation of why the folicwing are exar.ples of situaticns
, . in which charged particle equilibrium (C?E) conditions do not exist:
. c i n ,u ,la:ue

3-1/3 a. an air-tissue boundary,

3-1/ 3 b. near a point scurce of radiation,

3-1/ 3 c. a 10 MeV photon beam in air incident upcn an air-equivalent
desiteter.

62 075

-31-



.

MHP Examinaticn 118 - Part II -4-

Questinn #8

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

Accelerator - electron LINAC for industrial radiogr2phy
Beam energy - 25 MeV

Peak current - 1 amp.

Seam pulse width - 2 psec
Pulse repetition rate - 350 pulses /sec
The electrcn beam is to be bant 90* with a radius of
curvature of 10 cm.

Point Value
4 1. Where wculd one expect to find significant radiation sources

within the machine? What types of radiation will you consider
under:

a) normal operating conditions,
b) a failure in scme portion of the beam transport

system at the bend?

2 2. Qualitatively, what would your shield design ce at the bend
and why?

3. Ycu are told that the continunus beam loss in the bend will be
less than 0.1" and that the inter 1cck systems will reliably turn
off the beam within 2 pulses if any failure occurs in the team
transport system.

3 a) Would you consider the continuous beam loss or the
failure situaticn to be the limiting case for determining
shielding? State any assumptions and all c;nsid:caticns.

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

.f
D

19
-30-
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ASHP Exam #19 -2-

Question d3

You have just been hired as a health chysicist by Acme Rac Services, Inc. ,
which is planning to install an 11 kCi cCCo source for incustrial pur:cses.
The scurce pig is to be loca:cu in an existing recm snewn in rigure 1 below.
It has been previously deterni-". that with tne olannec wor <lcac cf
10 h/ week, the exposure rates just cutside of walls A anc S are 0.17 R/yr
and 5 R/yr, res::ectively. Wall D is a very tnick concrete wall tecause
of an accelerator on the far side. Wall C is a thin waliboard wall to be
rebuilt of ordinary concrete.

Point Value
a) Using the data belcw and Figures 1 and 2, calculate the minimum shielding

5 for Wall C required to reduce the exposure rate en the far side to
5 R/yr. Neglect any builc-u;: factors and consider only radiation
scattered at 90* frem the coject.

5 b) Comment en the entire installation frcm a health physics point of view.

Given:
Density of ordinary c::ncrete: 2.35 g/cc
Ratio of 90* scattered radiation at 1 meter frem radiographed cbject

to incident exposure: 10-0

For 60 o: 1.3 RHit per Curie.C

Energy of scattered photon E' =
2c )(1 - c:ss)1 + (E/r:o

2 = rest mass energy equivalent of electron = 0.51 MeVmca

E = initial photen energy

Mass attenuation coefficients for crdinary concrete.(See Figure 2)
w kst e

'*c. s..uc

1 W,
4 so m s. m '~ b

1 I
eu

0 | "gO o
|gj $ ; S xs ccom

w 3 e-. :w ? (, haw u - 2 mas.u T!

.

S:' ca.~ s - "..; . -::._ a s - %3
- i

0

F.w .. ro i

5 2 | y., % '. v.a a. u %.s

FICURE 1

362 077-a3-
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A8HP EXAti!NAT!C.1 419

July 14, 1975

Pa rt II - Answer any seven

Total Time: 4 hours

Questien fl

A serious accident has resulted in the dispersal of reactor-grade plutenium
dioxide on a busy interstate highway. Ycu have survey ins truments f rem
which you can estimate the average plutonium activity per unit area of
contaminated surface. As the health physicist en the emergency respense
team, you are asked to establish an exclusion zone to limit puclic access
during cleanup cperations.

Point Value

5 a) Briefly discuss the health physics censideratiens which you would use
in establishing a maximum contaminatien level at the exclusien cne
barricades immediately post-accident, and during cleanup.

5 b) What health physics considerations would bear on the establishment
of an acceptable residual contamination level for icng-term puclic
access after cleanup?

Question 52

Maximum Permissible Concentratiens in air of many insoluble radioactive
isotopes as reccmmended by the ICRP, ."CRP, and codified in 10 CFR Part 20
of the Code of Federal Regulations, are based en the assumoticn that the
material is uniformly ceposited in the lung, and tnat there is a uniform
distributicn of energy per gram of lung tissue.

3 a) Is this a reascnable assumatien with regard to large numcers of beta
and gamma emitting particles? Why?

3 b) Is this a reascnacle assucction with regard to alpha emitting particulatas
such as 239Pu? Why?

4 c) Would ycu excect tne assucction of uniform cistribution of particulates
and energy in tae lunc to result in an underestimate or overestimate
of the risk of cancer'frem inhalation of 239Pu? Why?

|ib\S
c

" "
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ASHP Exam #19 -3-

Question d4

Two important reactions for thermal neutrons in tissue are 1'*N (n.p) l''C
and lH (n,y)2H. Calculate:

Point Value
a) The absorbed dose and dose equivalent for each reaction in tissue per

6 unit thermal neutron fluence (n / #' )*th

4 b') The maximum permissible thermal neutron flux density based en the
sum of these two reacticns.

State any assumptions necessary in making calculaticns.

Given:
N = 6.02 x 1022 at:ms/g tissue

i

H

Ng = 0.11 x 1G22 atcms/g tissue
i

N

th(IH) = 0.33 barns E = 2.2 MeVo
y

th(14N) = l.3 barns E = 0.6 MeV#
p

1 rad = 10-2 J/kg

1 MeV =.1.6 x 10-13 J

Fraction of y energy absorbed in body = .28

1 barn = 10-24 cm2

tissue density = 1 g/cc

Cuestion 45Point Value
10 You are hired as a Health Physics Censultant by a utility planning to

build a nuclear pcwer reacter. Discuss in general terms One casic elemer.:s
of the environmental surveillance pr: gram (including rati:nale) f:r
radiation and radicactivity you would rec:r.menc.

362 OP/
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ASHP Exam #19 -5-

Questien 19

A graduate student was working with 10 Ci of tritium gas in a hood. As the
result of a small excicsien in :ne tritium gas container, the container .ils
ruptured and tne front of the hood was bicwn cut. The consiceratly snaken,
but otherwise uninjurec student, suscected that he might have received 50me
tritium uptake. He coliacted a urine samole a;;roxima:ely 15 minutes # llowin;
the incident and sucmitted it to the Radiatien Safety Officer (R50). The RSO
requested that ne studen su mit another urine samole in 2 hours. The
analysis of this seconc urine sample incicated a tritium concen:ra:icn of
2 mci /1.Point Val e_

.

h

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

3 b) Calculate the students integrated dose equivalent assuming an effective
elimination half-life of 10 days.

4 c) What would the stucent's average daily liquid intake have to be to
reduce the integrated dose equivalent to 2.5 rem.

2 d) If you were the RSO would you reccmmend to the student the increased
fluid intake necessary to recute nis dose equivalent to 2.5 rem.

6IV'" Critical Organ for Tritium is Body Water (43 litres)
QF for tritium = 1
Energy of tritium beta: E = 18 kev, E = 5.6 kev

max. ave.
I eV = 1.6 x 10-13 j oules
I rad = 10-a J/kg

.

Question 310

University research coerations often utilize a variety of radiati:n sources,
such as large fixed gamma scurces, X-ray machines, nuclear reac: Ors, particle
acceleratcrs, neutron sources, anc unsealed racicisc : e scurces. Eacn of
these radiation s0urces must be installec and usec 50 a. 50 mi nimi:e One
radiatien dose :: incividuals. C nsicering :ne casic ;rincicles for recucing
perscnnel dese, discuss wnich me-hed(s) you would em:nasi:e in sa n Of :ne
folicwing cases. Ex:iain your reasons in eaca case.pg5, y, g , , ,

a) 50 Ci of 32P usec in a biochemical lateling ex:eriment.
:-1/-
-

:

3-1/3 b) ECCC Ci Of 60C0 as a sealed source used f:r raciaticr damage stucies.

3-1/3 c) A one time trans #er af i mg of 152Cf as a sealec scur:e ' rem its
shipping 00ntainer "O a l a rge ex erimen tal wa ter *.an<.

362 0'11
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ABHP Exam 119 -4-

Question d6

137
Gived2 = 30 y) comprises a significant fractionCs (T1It is recognized that

an initial background exposure rate ofof fallout radioactivity.
1.5 uR/hr frca 137Cs in the soil:Point Value

I a) Calculate its initial annual exposure rate contribution.

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

3 c) Compare the 30-year exposure value with the I.C.R.P. population
genadal dose limit and briefly oiscuss its significance.

3 d) Disctss the other factors (in addition to external excesure) which
shoula be considered in evaluating the radiological significance of
137Cs fallout to the general population.

Question 57

Radwaste handling and processing is an important part of a power reactor
health physics program.

Point Value
a) In a p wer reactor, list three (3) scurces of each of the following

2*5 types of radioactivc waste.

1. Liquid was i.e
2. Gaseous waste
3. Solid waste

2.5 b) Briefly discuss at least three (3) methods for processing liquid waste.

2.5 c) Briefly discuss at least three (3) methods for processing g:secus waste.

2.5 d) Criefly discuss at least three (3) methods for processing solid waste.

Questien #3

The radiaticn doses received during the annual cutyes at Oc' er reacc:rs
cen tribute significar.tly :: :ne : tal perscnnel ccse in :nese f acilities.
Select eitner a ?WR or 3'iR and ciscuss.?cint '/alue

3 a) Which outage jcbs are tne major s:urces of exposure?

7 b) As the heal th :nysicist, wr:: c:ecific recmencations nould ycu make
to reduce :ne ex:csure receivec :n :ne jcbs listed in (a, accve?

<

d,
_l
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ABHP Exam #19 -7-

Question #13
" "* A patient is to be given a 200 mci 1311 oral therapeutic dcse (as iccide)

for an inoperable thyrcid Tatastasis. The thyroid has been surgically
10 removed during a previous hospitalizaticn. Sriefly discuss tne nealta

physics aspects of the case accinistration and the follow.ng hospitalizaticn
of the patient.

Cues tion 414

The plan below (Figure 3) shows a Orccosed 60Co tale.theracy installation.
The useful beam can be directed only at the floor and at wa'il SC.

Point value_
a) Using the attached table, specify the concrete shielding required for

10 Point 2 and any three (3) of the otners sncwn for a worxicac, W, of
120,000 R/ week at cne meter. List and explain all assumptiens usec
in arriving at the shielding specified.

@ STREET

A A 8
!Attended

@ 10,
Elevotor X,

7
\ LAV.NG g' gm

Dre ssing 7'
@ x

Room g o'

'F E
/, 20,

@ \Controi
\.s CCorridor !O' o

Eme rgeno';

.X1t

@ SusinessO f fic e

FIGURE 3

-
.

M 2- U 8 -.3
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Question all

Neutron radiation is of ten a major centributor to the radiation environment
. around particle accelerators.Point Value

2 a) List four (4) important processes by which neutrons interact with natter.

8 b) For each interaction process listed in cart (a), describe a neutron
detector based en that interaction process. Briefly discuss the
application of each detector in measuring neutrons arounc an accelerator.

Ques tion 812

You are hired as a censultant by an industrial firm who proposes to use
an electron accelerator for the unique applicatien of excavating rock.
Two alternative designs are orccosed, one producing an energy of 2 MeV
with an average beam current of 5 amps, the other using a ceam energy
of 10 MeV witn the sa, e average ceam power. There is no cifference in theT
efficiency of either accelerator in excavation; they may be manufacturec
at the same cost.

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

b) Calculate the maximum radiation level at the surface of the Orcund
when a 2 MeV,10 itW accelerator is operating 2 meters underground.

Given:
The forward Bremsstrahlung intensity, I, producc.d by an electron
beam impinging on a tnick target is given by:

I (watt; cm 2 per amp at 1 meter) = 5.0x10-2 T (T+0. 51 ) 2 in (950 R/xg)
T = Elactren energy in MeV
(Rock may be assumed identical to aluminum in its atomic properties.)
R = range of 2 MeV electrcns in A1 = 0.95 gm em -2

= radiation leng:n of .<1 - 2* 3 gm cm -2x
n

Assume 106 phetens cm ~1 sec -! a 1 rem h-l.
1 MeV = 1.6 x 10-13 joulas
1 joule /sec = 1 watt
Attanuation coef#icient of pnctons la rcck = 0.15 cm-1
Assume a builcup f actor of 2.

nh
s

<.
V.

'/
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Question 415

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

3-1/ 3 a) uranium

3-1/3 b) plutenium

3-1/ 3 c) fissien products

Assume that maintenance work must be dcne en a pump in each of these streams.
Sriefly discuss :ne heal n physics precautions which must be taken for :he
work cn each stream.

Question 416

One area of a fuel reprocessing plant is made up of the five recms shcwn
on the attached sketen (Figure 4). You are being censul:ec by the facility
engineer to assist him in prcperly designing the ventilatien system.
He gives you the attached sketch and the folicwing information:

a) The ventilatten sucply and exhaust for this area will service cnly
the five racms snewn.

b) Each reem will have its cwn supply and exhaust duct and any volume
of air can be succlied to and exhausted f rom any recm. (The facility

engineer will design tne pressure crec between areas so the prc;er
air ficw patterns will exist when dcors are opened.)

c) It is felt that the R .ill agree to waive the Reg. Guide 3.12
requirement for rcugning filters on the exnaus of each rcen i f thei r
absence will ; emit a singie alcha cons: ant air meni:cr :: s e rvi ce
the entire area and detect 1 x M?C within 4 hours if it cccurs in any
one of the five recms.

239 -l?
d) Pu-239 is the limiting radienuclide (PPC fcr ?u is 2 x 10 Ci/cc)

a

e) The design criteria states tnat eacn of the five reces must have at
least 5 air enanges ;er hour.

f) Ceiling heignts:

Crane and Ecuicmen: Maintenance Area = 20'
Prccuct Ccn:ainer 5;crage Area anc :ne

Piu cnium Laaccu ucera:: g sta i:n = 14'
Air Lack anc Carricar = i2'

362 085-u-
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DATA FOR PRCoLEM #14 . .

TAsus 21-Cobalt.40 sAisidin require.nents for control |sd aressb

eu:Jm.v., - m v . e ... . . ~,m,. .

-5

c =D k100,000 5 7 10 14 20 :s 40

%b)7.3
60,000 5 7 10 14 20 23 40

00,000 5 7 10 14 20 23 40
15,0C0 5 7 10 it 20 OS 43 DCC3
7,400 5 7 10 14 20 03 40 TiQ*
3,750 5 7 10 14 ) 24 s

1,875 5 7 10 14 20 2"*1-1
950 5 7 10 14 -

#
'475 5 7 10 ga

240 5 7 mw
5 .m --e100

|

AppML

EE.m.,bE I*k**" *' C'*" ''' b 1" h "y. I rn
3,,,f ,, .e ri 2 n e,ra *.

~ '' Q,T Jcasue<< cowe
,~

Primary 2.45 8.15 43.0!4G.5 44.IIll.7':3.03G.s,.34.3;31.9! 3.4 07.c:04.G
-

g , i i
3

1 i i i i

Secondary hLeskaged
0.1% 2.45 8.15 24.002.1 10.7 17.3 14.5 10.4 3.10 7.5 5.C .C 0.2 -

0.05% . 2.45 3.15 22.1'D.7 17.3 18.3 10.4 9.9 7.5 5.0 0.C 0.0 0

sestter e

32.7|00.0 07.9 05.5.'*3.120.7.15.3115.913.5.11.1
S.730* 2.4 3.0

30.6 S.2! 5.3i 3.0:2!. ils.8 10.?:14.0;11.51 9.4 7.145* 2.35 7.8
27.S'05.5,':3.0:21.0'13.7I15.4f14.2|11.93, 9.67. 4 5.160* 2.27 7.55

,

I90* 1.52 6.05 01.3'13.4jl?.7115.5'l(.012.2'10.4| 3.0| 5.7 s.Sj 3.1
15.016.3 !4.5! 2.5'11.1| 9.4| 7.7| G.C| 4.00.5; 0.S100* 1.72 5.7 !g

AFor a weei!y desigs level of M0 m?.: add one tenth.va!:e layer (T1'L) for
regior.s in the environs to reduce radistion to M mil / week.

b1"-workload in R/we**< ar. I m, U-use f acter, T-ceeunsney f acter.
CThickness based on cencrete de sity of 2. 5 ;:/cm 047 lb/f t').3

d nefers to teskue radiation frem senree r.ousing when source in "ox" condi.
t!on; may be i r.cred il le:s tbsn 2.5 mR/h at 1 m.

eFor large f. eld (20 cm) and a source to skin distance of 40 to GO em. This in.
clades scattering frem the cellimator and frem the phantom (31

c.9
W

o
Q.

.I
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DATA FOR CUESTICN 16
FIGUPI 4
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ASHP Exam #19 -9-

In checking various al;;ha ccnstant air icnitors, the one you have decided
to recc=end uses a kinetic impactor system with a step acvanca ta;:e.
This monitor has tne folicwing specifications:

a. Ncminal ficw rate = 20 cfm
b. Detector efficiency = 30%
c. The tape advance: frequency is adjustable so that a 4 hour sample time

is possible.
d. Normal background on the monitor is 10 ccm.
e. The meter scale and time constant of the monitor are such that 20 c;m

above background is easily reccgni:ed as a positive reading.
Point Value

Calculate the minimum airficw which must be used for each of the five
ro es so that ycu meet all the design criteria and can detect 1 x t'?C

10 in any roem within 4 hours by samoling the cc=cn exhaust header.
(Neglect the volume of air that is in any personnel door opening.)
(1 cu. ft. = 28,3C0 cc)

nO''6
'$b1
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AEHP EXAMINAT CN d20

1ne 23, 1976

Part !! Answer any seven

Total Time: 4 hours

Question 11

The transportation and disposal cf radicactive waste have received
Point Yalue considerable attention in recent years.

5 a) Discuss the environmental impact of accidents invciving the trans-
portation of radioactive waste. Include in the discussion the
relation of transportation regulations to the environmental effects
of accidents.

5 b) Discuss the environmental as;ects of the prese9t disposal of.

1) activatien products and 2) transuranic wastes. Include in the
discussion packaging requirements and environmental considerations
of disposal site selection and operation.

Questi:n 12
63Electr0n capture detect rs for gas chr mat 0 graphs us: ..itium er 35

foils in the cells. Release rates for ea:h, at their normal cperating

temperatures, are 10 uCi/ min and 10 nCi/ min, respectively. Cne of each
type is located in a r0cm Em x 6m x 3m in a laboratory building fairly
accessible to the general public. Assume that the tritium is released as
the oxide whereas only 50% of the nickel released is soluble.

A fan in tne recm provides reascnably complete mixing. he ventilation
sys:cm, which exhausts the roca air directly to the cutd;crs, provides

Point '.'il ue three air changes per hour.

4 a) What are the average reem c:ncentrations of tritium and S"'Ni at
ecuilibrium when the gas chr: mat:gra:hs are c:erating?

5 b) Discuss the health phy:ics r: gram that you would rec mmand for this
cr.er atica .

Dat2. MFC (airl ( Ci/r.li

Centro 11ed Area Urcen: roiled 2ree
-7.a..<,. ( ,_s .u.r. m - . ~. e) : . . n. - 6 . .v

c ,, n
4. . w. . . e, ..

d x 3 ', o.Cx5, n.
-~

o ; . . ).
--,,-s

it '\U) s .

=() 3xia-7 lx10 '
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Cuestien 43

A radiographer installed x-ray film arcund a pipe weld prior to inserting
a sealed scurce of garma radiation into the pipe as part of the inspecti:n
precedure. After completion of the #ilm installation, it was discovered
that he had been exposed frcm the back to the scurce which had not been
fully retracted into its shield.

The radiographer's desimeter was prccessed and he described and re-enacted
(the source having been remcved) the installation of the film. It was found
that he wore his dosimeter near the midline of his chest about 20 cm above
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 cm frca the surface of his back; and the
dose equivalent at the lccation of his desimeter was 0.1 rem for the duration

Point '!alue of this exposure.

7 a) Calculate the maximum dose equivalent at the surface of his back given
the folicwing: the HVL for the radiation in any tissue in this casa is
5 cm; neglect any other effect of scattering or buildup and any attenuaticn
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
sof t tissue, 25 cm thick and 35 cm wide; and the source is a point scurce.

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

Question fa

The folicwing average life span data on a large grcup of young adult rats
that survived early mortali.y (more than 30 days) was collected using
cobalt-60 gamma radiation delivered in single acute doses.

Dese (radsl Life Scan (days)

15 997
70 980

150 909
300 832
425 327
550 730
650 739

The control (unieradiated) rac lifespan was ICC0 days. The dose leading
to 50~ mortality (LC c.3;) in a chird grc:: Of previously unirradia ed acs5
was 7C0 rads.

(Centinued en next page)

D-
\3 '

q
qp

)
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;cin- Value
c

4 a) Estimate the average life-s;an shcrtening due to acute 0Co irradiation
for rats in days per rad.

3 b) Determine an ecuatica for the life-span as a functica of ga=2 dose.
Express the life-span as percent of centrol lifespan. Xake the
equation as simple as ;cssible Onat fits the cita apprcximataly.

3 c) Assuming that equal fractions of the LD 0-30 for the different s;ecies
of ma=als produce the same cercentage fires;an icss, estimate the
life-shcrtening effect in years in man frcm a single acute dese of ICO
rads. The LD50-30 for man in this case is .300 rads at the midline.
The life expectancy is 70 years for unirradiated humans.

Cuestien !5

As the Health Physicist at a large university you have been asked to set up
an in-house bicassay program to monitor bioicgy and chemistry research
workers who at varicus times work with up to the folicwing quantities of
radioisotcpes.

Quantity and Isotoce Half-Life for Cricicai Organ

2 Ci of 3H Te = 10 days
32200 mci of P T = 14 days

e
100 Ci of )'C T = 12 days

.

e
50 mci of 12 ! T = a2 daysa

e

Your previcus experience at this university indicates that 995 of tae bicassay
results are less. than i investigatien level (as defined by the ICRP).

?cinc Value Discuss your recc=endations and reasons for the follcwing points.

4 a) What type of bicassay would ycu recc=end for each radioisctc;e? (Sicassay
includes any methed used to evaluate internal de;csition of radienuclices)
Assume you have access to any type of counter desired.

3 b) Discuss the rationale f:r the rcutine bicassay frecuency you would
recccr.end for each radioisotcpe.

3 c) What calibraticn etheds wculd you recc=end for each tyce of bicassay
analysis you cheese?

t .

'ot 09,
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Cuestien 36

A biologist wearing a labccat but no gloves was hcccgeni:ing a cell culture
containing 50 mci of 32P-phosphate. The tube shattered and uniformly
contaminated both of his hands. After three scrubbings with detergenc, ycu
measurad the,non-recevable activity with a 5 cm diameter detector at contact
to be 1.6x100 cpm anywnere on either hand. The worker is now on his wa:e
to your medical facility and you stop by your office to get the folicwing
data before conferring with the Institute physician.

1) Frcm Radiolecical Health Fandbeck

Efr P = 0.69 !!eV, T 1/2 = 14.3 day, maximum range of s in tissue = 320 m;<
d

Standard man: epidermis 500 gm
dermis 4400 cm
skin area 13000 cm2

Assume that the thickness of the epidemis and der:nis is uniform over the
body.

2) Frcm your files

Totai detector efficiency (including geccetry) = 3.0%
Effective removal half-life for 3 previous 32 -phosphate hand contaminaticaP

incidents was 2.7 days.

3) Frcm Radiacion Cosimecrv (Hine and Ercwnell)

For a s source on an infinite thin plane inside a uniform absorbing
material the dose at point (x) is:

D(x) = 2.66 x 10 Ise (C I (1+1h)-exp(1 - y } } +exp(1-vx)-9

expression in brackets [] z.0 if x > Cj_

2dose rate in rad /nin. at depth x in gram /cm0(x) =

Ts avg. s energy in "eV=

d;m/cmo ,7=e
m (,
D9.2 cm /gm -issue=v ,

'l

1
-'c i ~. Vaiue C =

6 a) Calculate the maximum dose to the demis and the subcutanecus tissue,

2 b) How do these calcula:ed deses ccmcare :: maximu: ;emissible deses fcr
these tissues?

2 c) Uhat recc rendations aculd ycu make tc the physician regarding f a.itial ar.d
folicw-up treatment procedures?

-46-
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A composi.e whole milk sample collected on Apri! 10 from cows on casture
at a dairy f arm revealed the following:

Nuclide Measured Concentration

40K 1100 pCi/l

39
Sr < 2 pCi/l

90
Sr 12 pCi/l

131
I < 0.2 pCi/l

137
Cs 1.7 pCi/l

Ca 1030 mg/l

The dairy farm is located 14.7 miles ENE from a 360 MW beiling 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 rainf all in the
area 'uring the week of April 3 - 10 was 0.83 inches. Since the start of the
yeat, reactor cperations have beer 13 p rmal and 24 kCi of gaseous
radioactivity includirg 26 mci of I have been discharged to the
atmosphere; approximately 3% of this amount was discharged the week of
April 3 - 10.

Point Value
6 a) Discuss the significance of the radionuclide concentrations gien

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 sectoc of lowest X/Q? A goat
milk dairy farm 3 miles NNT? Why?

2 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?

-65-
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Questien 49

Fuel fabrication facilities may be required to manufacture plut:nium as
well as uranium cased fuels.

Point '!alue Discuss:

7 a) The specific changes in the routine and emergency environmental
monitoring programs , and

3 b) Tne specific changes in facility design philosophy 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 110

22#The concentraticn of |3a in the atmosphere at a particular location has
been measured to be 10-80 uCi/cc on the average. The average concentration

226 a in the soil at this lecction is 2.2 d;m/g and it is approximatelyof R

Point Value uniformly distributed in the soil. The density of the soil is 2 g/cc.

2 a) Assuming a resuspens4cn factor of 5x10-7 m-l, what is the resuspendable
226Ra activity per m-?

2 b) 'Jhat is the effective thickness of the resuspendable layer of soil?

Assuming an adult inhales 226 a at the concentracion measured at this6 c) R

location for 30 years, what would be the total integrated dose equi-
valent to the bone at tne end of the 30 year peried?

7 cc/ dayGiven: Breathing rate = 2x10
225 a inhaled reaching the bone is 0.2Fraction of R

226Ra fr bone = 1.6x104 days
TE f r removal o

226Ra = 0.8 rem / day-,:CiDose equivalent rate to bone fr:m

@( b
.A

>
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Ficure for Cuestion 11
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Cuestion 412

A three reca nuclear r.edicine depart-ent in a cerr:. unity hospital is conductinc
routine diagncstic studies with a rectilinear scancer and a gam .a carers.

~

It receives a 300 mci *ic-99 generater each week. Other radiopharcaceutic21s
are obtained in individual patient doses. Radiotheracy is limited te I-131
for hyperthyrcidism and thyrcid cancer.

Oe. sign a continuing radiaticn centrcl prcgram fc- this facility. Se sure
?cint '!alut to discuss:

2 a) Reccrds required

2 b) Instrumentaticn needed

2 c) Mursing instructicns, if any nhM
2 d) Routine radiation and centamination sur<eillance 1hD
2 e) Perscnnel monitoring

~
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;cint Value b) If the measurement of activity induced in tissue were to be taken in
tne radioactive environment of the accelerator where the y-background

2 is i 1 :R/hr cculd the induced activity be detected? (7,e |laI de" actorh

gives 4C0 cps in an exposure rate of 10 aR hr'8 due to 240Ra y's).

2 c) What other s*' as wculd you take in investigating this incident?

Cuestien #15

line contair.ing 955 enriched uranium in solution as uranyl nitrate is
oeing cut in order to install equipment te disicdge a plug in the line.
As a health physicist you happen en the sciiiie as maintenance people are
cutting the line. They are dressed in coveralls, latax gloves, plastic
boots, and are wearing respirators, hard hats, and goggles. The field of
radiation is 350 crem/hr and all perscnnel are stancing around the equipment
watching progress of the work. The area has been ribbened off and a
plastic bag has been taped to the line around the cut area in order to

Point Value, prevent contaminants frca splashing to the flocr and adjoining equipment.e

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

6 b) What, if any, changes wculd you recommend in the procedure?

Cuestian fis

You are the hvalth :hysics member of a design review team responsible for
evaluating the design of a fuel reprocessing plant. As means of reducing
doses to personnel frc= radioactive material and releases of radicactive
materials to off-site locations, briefly discuss the design of each of the

point Value follcuing:

3 a) containment and confinement barriers

3 b) shielding

i c) physical layout

2 d) ventilation
i e) equipment design

u
n

.'x
s
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ABHP EX AMIN ATION 22. P ART II

June 19,1973

Answer any seven

Total Time: 4 hours
_

Ouestion 1p y

3 a) Beams of protens or electrons chich pass through air can produce
radicactivity by interacting wid air molecules. Identify the most
commonly produced radienuclides and show methods of production.

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

2 c) What are th e simplest methods of contrc'. ling radiation exposure in an
occupied reem from this source?

-2 d) Given that the production cross-section 'or ene of these radionuclide3
is 60 mb, calculate the equilibrium concentration in a room of 100 m
and no ventilation for a 13 pr t n beam and a 1 m air

6.25 x 10
2 s

gap. Assume a 1 cm beam. Specify which reaction you have chosen.

Data

-3 8Density of air at standard conditions = 1.29 x 10
3cm23 g

Molecular weight of air = mole
23 moleculesAvogadros Number = 6.02 x 10 mole

Ouestien 2Point Value
5 a) As a consultant to a university, you have been asked to ;;rovide

recommendations for the shielding requirements of a particle
accelerater. What infermation will be needed to provide these
recommendations?

1
b) Identify at leas: three types of radiation which are normally prcduced'

by the interaction of a particle beam and a targe: and which are
significant frem a health physics peint of view. How is each produced?

:) Thich type of radiation wcuid you expect for a 3 MeV e! ectr:n beam
interacting in a cepcer targe:' For a 30 CeV proton beam interactmg
in a copper targe:'

-64- _
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Questien *3

35An analystinhaled about tan nanegrams of 5 when he entered a labcratcry

35S expleded. Flcer sur-module af er a vial centaining ene milligram of
2faces in de labcratcry vere contaminated te 70 mC1/m . His bcdy surfaces

were decentaminated with scap and water; centaminated bcdy hair was re-
=cved by shaving. All urine and fecal samples were cellected for 3*S
determinatiens until the concentratien in the samples decreased te the
limits of detection, 0.1 nC1/11ter of urine er 0.1 nC1/1.00 grams feces.

Peried Tctal Fraction ' Bielegical

Menite.ted 35S Activity Eliminated Halftime
Samti; (davs) (uC1) *? (davs)

Urine 65 610 0.75 0.3

0.25 7

Fecal 8 380 1.0 1

Pcint Value
35

4 a) Cetermine de dese equivalent frem one millicurie of 3 in the
bcdy fer one day assuuing the whole bcdy te be the critical cegan.

6 b) Calculate the analyst's integi,ted whcle bcdy equivalent.

87 days; beta energy = 0.167 MeV (max):Given: S data half-life =

0.05 MeV (ave)=

Quality Facter = .1.0 .:ctal bcdy)
Crqan Weight, total bcdy = 70 kg; lung 1 kg=

3.7 X 1010 dis /sCurie =

eV = 1.602 X 10-12 ergs
day = 8.64 X 104 s

Fractic' cf Systemic burden exc eted in urine (Fu) = 0.3
**

.- 3

e $ =
c -

- I\, n' a
'd

s

nb
3
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- Cuestion *7

The centinuation cf st=cspheric testing cf nuclear devices by de
Pecple's Republic in China adds to the inventery of radiccentaminants
in de acrdern hemisphere. This situatien tends to complicate peri-
edically the interpretaten of routne radic1cgical environmental sur-
veinance data. This !s particularly se fcr facilities which have been
operatng for seme time. Fcr the fenewing sir.:atiens discuss the
metheds by which you wculd estimate de crigin of de centa=1 nation
er the facility's centribution to sample activity. Assume the facility to
be a pressurtzed light water reacter which has operated fer two years and
has been $rcugh ?ac par-ial refuelings. Assume the weapen to be a pure
fission device. Assume the time lapse between de test ard sample ccHec-
tien to be 7 days . Assu=e heavy rains with the arrival cf ne faucut.t

Peint Value
3.3 a) SUt samples cellected at several downsteam Iccations in de

Sh 60
receiving stream @l41cwed de presence cf e Cc 134Cs,

1 l , and ID3137Cs, 3a , Ce, 3 Zr , 95140 I, Ru.Nb ,
3.3 b) Milk samples ccHected at several Iccal farms shewed significant

132cencentraticas of 131I, 7, 99 r , with no significant changeS

in 90Sr and 137Cs.
3.3 c) Ccepcsited raw demestic water cenected at a dcwnstream intake

60Co,shcwed elevated ritium and sman quantites cf SSCc,
34Mn. , and 140 aLa.3

Cuestien =8

You are a health physics censultant fer a uranium mir.ing and mining
company. Last night, at 11:00 p.m. , at the Vic cric Peak uranium
miH, a reten:1cn dam brcke releasing 2 =:111cn ga11cns cf :silings
water and slimes. About 50 acres cf land adjacent to be mill have
been ficcded. The Shift Supet risce cedered a te=perarf berm drawn
up which has ccnfinec the flew to land centrolled by de =111. The
fIcw s cpped abcut 1/2 =ile shcr: cf de small ccmmunity of Black
Sands (abcut 50 residen:;) . The min has been shut dcwn.

*he mill is lccated in a d y par Of $e ::unny subject :: frequen:
perieds Of high winds. Crinking, far=, and =111 pr cess wa:ers are
:btained from shal10w aquifers.

?cint value
4 a) What prcgram wet'Id you initiate : assess te pe: ental -adic-

Icgical impac: Of de tailings spill upcn de environment?
4 b) What ac icns wculd /cu recommend :: 2e =111 cpera: rs ::

Q,=inimize and : cenec1 Se in: pact cf de spiH ? a.

\
3 c) Wha: adioisetepes are of =ajor concern?

) D}-
-
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A3FP Exam 221 - 8-

e. , e s +. <. n. n = ,. ,.

P ssible accidants at ;cwer react:rs have received 00nsiderable
at ention in the past several years . WAS-I-1400 (Rasmussen Repcrt)
is an in-depth investigatica cf ;ctential accidents at ;cwer plants.

Answer 4 Of de f0110 wing 5 sections:
?cint '/alue

2.5 a) Explain the event tree and fault tree technique used in de repert.
per section (What is de relationship between dem?,?

b) What are de dree sets cf probabilities which are ccmbined to

. c.. w... e .e.4 ,1 . .. L a b. il .' . t - # .= .e e . ' #.i c . . ..s e ,". a. .a. . a. f. e.a. .= ". .rw
... .. , . . . . e
injur/) On de ;cpulaticn?

c) This repcrt develcps seme new values for I.'J 0/50 A;;r:xi-5

mately, what are dese values, and what an de reasons for
having mere dan ene ?

d) What deses are cc=hined to arrive at de total dese used te
evaluate mcrtality rates ?

e) 3ased en his re;crt, what na ural phenomenen (cr group cf
natural phenenmena) has an equivalent probability Of mcrtality
as de 100 Operating nuclear ;cwer plants ?

Cuestien -13

A stainless steel belt has come 10cse from one cf a reac: r vessel
internals. Plans are to pick de ': cit up wim a remote set of ::ngs and

and brtng it up cut of &e water f0r 10 cal visual inspect'On and 2en

s e .".d L*. c# - s *.*.e #*'- . . e *. a l' '..*. . " = 1 .' .** s *,* e ".**. ' . .*. . *k...' s ". c l *. ". ." s " e a . . ' . .- .. . . . . . . .

the reacter f:r 910 effective full pcwer days. The Ser .al neutren ,
flux in this ;cr:1cn cf de reacter is esiculated to be 2.' E 12 n/cm - sec.
The reac:Or will have been shu* down for 17 days at de -ime ne

"c1*. wil.t '. e .-= . eve d. . ..--..d-.w'...,2, ..".a. ". c 1 *. i s . = 1 -" ' .". = " . . w a. '. ."-: -
. .. ....

, La - , ..s , -u..e n. - .,.c s 4.< n n ~ t .u.,. u.c l. s .3... i _. .. .. . .. .

30 %L-e n --

Nickel 19%--

?.tangane se -- 0.5%
Carben -- 0.5%

Mi- 'lalue

.J C=.'.-"'.=..=,.e,.=.~..=-=."..'.e.'....fav=.1 a. .v. e . . .= d .e.'.'.'.....".as.'.-..-...a.:
. . .

-"

"c.'.'.'..=.'.. /.2. " . . " . . = . ' . - . . ~.."..'.~.'."=..-...".=..=...=.'.a.d...=."..'s..a. s . . .

.. 2..-,- -.u .sa u.,. .. s,,..>-

w....,i..<,.,..<.,<,..,.a... ... . .. ... . . . . . . . . . . . ..

Avogadrc's umber = 5.02: E 23.1

-

/
.]

.

*

10-
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A3*~? Exam *21 -6-

Cuestien *10

A researcher in the Physics Cepartment wishes to construct a phetc
9 e and 1245b. He plans to use a very 2:all sealedneu+ren scug cf ?

93e.capsule cf Sb surrcunded by 30 cm cf
Peint Value

8 a) Calculate the apprcximate radiation dose rate frc= this source.
Show calculations.

2 b) Discuss the nature cf the shielding ycu wculd recommend.

Data:

10 Ci of 124Sb 9 Be ( y ,n) cress section = 1 millibarn
9 e ( y , n) thre sheid = 1,66 MeVB

Be density = 1.8 g/cm3

124 Sb decay Scheme:

Enemy (MeV} 1
0.603 97
0.644 7

1.692 50
2.088 7

Neutren energy = 24 kev

400 X 106 n/cm2= 1 7e m

rh,Q
s

'@

-58-



..

A3HP Exam *21 -6-

C':estien *10

A researcher in the Physics Cecanment wishes to ccnst ac a phetc
3 e and 124Sb. He pla.

neutren scugg cf'Sb surrcunded by 30 gm cf ;.s to use a ver/ r.sil sealed
S

capsule of -Se.
Peint Value

8 a) Calculate the appruximate radiation dese rate frcm this source.
Shcw calculations.

2 b) Discuss the nature of the shielding ycu wculd reccmmend.

Cata:

10 Ci of 124Sb 9 3e ( y ,n) cress section = 1 millibarn
9 e ( y , .9) thre sheld = 1.66 MeV3

*e den <ity = 1.3 ;/cm3

14 Sb decay Scheme:

Ene-ev (MeV1 _%._

0.603 97
0.644 7

1.692 50
2.088 7

Neutron energy = 24 kev

400 X 1,06 n/cm2 1 7,m,

7 .

| L'
-

* *
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ASHP Exam *21 - 8-

Cuestien *12

P0ssible accidents at pcwer reacters have received censiderable
attentien in the past several years. WASE-1400 (Rasmussen Rei crt)
is an in-depth investigatien of pctential accidents at pcwer plants.
Answer 4 cf the fc11cwing 5 sections:

Point Value
2.5 a) Explain the event tree and fault tree technique used in $e repert.

per sectica (What is the relationship between them?)
b) What are the three sets cf probabilities which are ccmbined to

reach the final prob 9111:7 cf a specific consequence (death er
in!cr/) on de pcpulation?

c) This repcrt develops scme new vaines fer LD 0/50. Appecxi-5
mately, what are dese values, and what are 2e reasons fer
having =cre than ene ?

d) What deses are ccchined ic arrive at $e total dose used to
evaluate acetality rates ?

e) Based en $1s repcrt, what natural phencmenen (cr grcup of
natural phenenmena) has an equivalent pecbability Of me.calin
as de 100 operating nuclear pcwer plants ?

Cuestten 413

A stainless steel belt has ccme Icese frem one of a reacter vessel
internals. Plans are to pick Se belt up with a remete set of tengs and

and bring it up cut of the water fer local visual inspection and then
send it eff-site for netalurgical inspection. This belt has been in

the reacter fer 310 effective full pcwer days. The thernal neutron
oflux in this perten cf the reacter is calculated to be 2.1 E 12 n/cm - sec.

The reacter will have been shut dcwn fer 17 days at the time de

belt will be .re=cved. Frem drawings, $e belt is calculated to weigh

1L5 grams. The compcsition cf de belt is:

30 %Iren --

Nickel 19 %--

0.5%Manganese --

0.5%Carben --

?cir: Value
10 Calculate t".e gamma radianen level 3xcected at '.2 inches f cr de

bellin air. ('qse data f em dat crevided en de a- ached table.
53 0c centa=Inatien !.::.1 kel and tren shculd be neglected.
Avegad:c's .u=ber = 5.022 E 23.)

N

a,3
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Cue s*!cN _=7

- -..c s ,. h.a. d . .a s *..d . . , f ." c.' e .= r d.a.v '. - =, s %. . . '. .e. k. e . n * ' . . ". = ".. - . ~ # =- .. . .. .

People's Republic in China adds to de inventcry of radiccents.-inan:s
in de ner.a.ern hemisphere . This situatica tends :c complicate peri-

....s.......:......s..., d C a l.i ./ . a.e i.... - r. .. .m. f'1 - e .t., ,.4.. . ,si,,1 g4~ 1- ,
.. w.v .. ...g .. w. . . . ..

veillance data. This is r-icularly se fer facilities which ". ave been
~. . e r *. *.d. . . ., .' r a - .. e *- . a. . 'r *..".e .' + 1.' ~ v*.. . , s * *.". .= " - . s d.i s ~ s a- "e*-

. . -v. , . . . .. . . . .

methods by which ycu wcu i estimate $e crigin of de centamina:icn
er de facility's cenribution to sample actvir/. Assume the facility to

be a pressuri:ed light water reac:cr which has opera:ed fer r.vc years and
has been drcugh two partial refuelings. Assume de weapcn to be a pure
fissica device. Assume de time lapse between de :est and sample ccHec-
tien to be 7 days . Assume heavy rains with de at:1 val cf de falleut.

?ctn: Value
3.3 a) Silt samples cellected at several downsream Iccations in :'.e

c 60
33'II., 134Cs,

C c '0 3.v.L .
cwed de cresence cf

receiving st eam s!141 e , 3 5.:.: , I lc 5 'c ,l'7 s , 140va , sh x , an.*- v . w

3.3 b) Milk samples cc11ected at several local farms shewed significant
concentratiens cf 131I, 132 , 39 r , with no significant change5g

in 90Sr and 137Cs.
3.3 c) Compcsited raw dcmestic water cellected at a dcwnstream in:ake

shewed elevated t-1*1um an:1 small quanti *ies Of 30Cc, 00Cc,
54 140 aI.a.Ma.,and 3

Cuestien -9

Ycu are a heald physics censultant fer a uranium mining and :.1111ng
company. I.ast night, at 11:00 p. .. , at de Vic cric Peak uranium
m.. 411. , a p.e..4e a .a. b.ed. K a o. A ,- n s 4...,,. 7. +118e. . .,.11. .s e#. *.e.414 ,a
- .. ... . .<. . .

1o a

. . . . . . , . w . ..

vater and slimes. Abcut 50 acres cf land adjacent :c :ne mill have
been f1 ceded. ~he Shift Supe: riser cedered a temperarv her- 2rcwn
.. .,, .yw..w, '.. = s c n.#' e d * " e " -w . l.a ..d- . .- . _- M e d '. v. *. .' .e ~.. 4 .". . ". '. . e

-

.. . . . .

c. ~.y a. . ~. ,. a d .*..'. c u . ' / *. ~a 2". r. .-# '".a. s ..=." . . .."....i. .#. . . .= . k:'
.

. . . . . . .. . . . ..

Sands (abcut 50 residents) . The .111 has been shu: dcwn.

. u..e .._4 n .o g .n.e , . , s 4 .. . a ., ,. a . . ; . a.e . t . . ,, a. ..u., f ,. ,. . :., , . ,. .s .. . , . . .. . . . . . ..

rd...x'..*..,,.'.....=.~."...'."..c.aa- .v'...=..=.-*e. ..ca .-;. . ..e , .a. . y 4. a .- w
. a -. .- a .

. .. - -.... a.a...n..w ,,.a..s. 2. .a. . . a e. _ ., ,_ ....

%, . t . tL2 ' . . ... 1.-

4 a} Wha * preg *a-* wCuld ;7cu ' .i'la:e * as se s s ie ;c'2 . mal radi:-.

1,.g 4. , .i 4. .w. . s . a. e , 4..4 ,..,a a,.... . ~ . . .a.3......~.c,,........e
. .. ..

. ,43
. . . . ... . .. r -

. . c.4 ~ 3 w w.. . .l .a. y o u . c - m. . ;.......,.6.., ..u i .! ~.:.e.r,. r. ..4 b.) W. . s . ,
. . .. . . , . . . a .

. . ,

'I
. . .(.4 4eo 2. * M. .. .*.*..*.-.'..'.e.4.-..*2F*. ^ #. * b. o. a"'..-. . .. * * * . . - .r- . .. *. - .

3 c) Wha: radicisc:cpes are of -ajcr cencer .'

..

-30- 2 - g
J r<, L. . .
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Cuestion =14

A 26 year cid female was referred te radiclegy by her internist fer Se
felicwing examinations:

a) Chest, PA and I.at.
.b) Sarium Enema
c) Intravencus Pyelegram

Subsequently it is discovered that $1s patient was two weeks pregnant
at the time cf de examination. As de hospital heald physicist, you
are censulted.

Fcint Value
5 a) Estimate the fetal dese frca each cf these precedures. Descree

ycur methed and assumptions.

2.5 b) Discuss ycur reccmmendatiens regarding patient management in
light of ycur estimated fetal dese.

2.5 c) What centrols wculd ycu recommend be instituted in ceder te
minimize the recccurance of $1s type cf pechlem?

Questien s15

A graduate student it opening an irradiated quart: ampeule centaining
500 C1 cf 139Yb cx.de pcwder. He is werking behind a 4 inch thick,
lead glass shield a.:d is using 1:nq tengs to unwrap de aluminium
fcil ccvering en de c=pcule. He becomes impatient with the tengs ,
reaches arcung the shield with bcth hands and unwraes the feil at
which peint he disccvers tha: Se a=peule is broken and de 1643
pcwder spills cut. The student reccqnicing a pctential problem
immediately stepped back from the area. Within :inutes de exhaust
air alarm (se: fer 10 X ner=al backgrcund at de absclu:e filter) scunds.

Subsequent reconst:metion cf de incident shews dat de student's
hands were cicse te but nct less San ene centimeter f cm de am-
peule fer 30 seconds. Measured dose rates were 1 rem /,mi,nute a:-

cne feet unshielded and 20 mrem /hr behind de shield. -0:Tc
decays by ele ~-~ "-*"-a (21 32 d) emir.ing primarily Tm X-rays ,=

plus 53 and 133 kev ga. mas . a ,

* (%@,
'

'

Ciscuss de icilcwing: '

?ci-: Velue *

,,V, -.

a) Expcsure evaluaticn and management. 5V:
3 b) Cleanup cf.1=.ccra: cry. ~

2 c) Steps to preven: recur ence f inciden:.

-52-
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Questien =3

33An analystinhaled abcut ten nanegrams cf S when he entered a labcrate:7
medule after a vial containing cne milligram cf 3;S expleded. Flcer sur-

2faces in de labcraterf were centaminated to 70 mC1/m . His becy surfaces
were decentaminated wid scap and water; centaminated bcdy hair w;s re-
mcVed by shaving. All urine and fecal samples were ecliected fer 335
deter .ina:1cns until the cencentratien in de samples decreased :: de

limits cf detection, 0.1 nOi/ liter cf urine er 0.1 nC1/100 grams feces.

Fer.cd "Jetal Tractic." 31clegical

33S Activity 511minated HalftimeMcnitered
samele (de vs) fuC1) % (davs)

Urine 65 610 0.75 0.3

0.25 7

Fecal 8 330 1.0 1

Pcint Value
35

4 a) Cetermine de dose equivalent f em one =1111 curie cf S in d e
bcdy fer one day assuming the whole bcdy :: he the critical crgan.

6 c) Calculate de analyst's integ sted whcle bcdy equivalent.

Given: 5 data nalf-life = 87 days; beta energy = 0.167 MeV (max):
0.05 MeV (ave)=

Quality Fac:ce = .1.0 (:::a1 bcdy)
1 kgCrqan Wetqht, total bcdy = 70 kg: lung =

3.7 X 1010
1.602 X 10-1, dis /s

Curie =

eV = ergs
.

day = 3.64 X 10' s
Fraction cf Systemic burden exc sted in rine (Fu) 3.3=

a.
-ac . 1

e en =Tc *

..

bb",'
'

' fi . -; e ,f
-
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ABHP EX AMINATION 22. PART II

June 19,1973

Answer any seven

Total Time: 4 hours

" "
Point Value

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

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

2 c) What are the simplest methods of controlling radiation exposure in an
occupied roem frem tnis source?

,

d) Given that the production cross-section for ene of these radionuclide3'

is 60 mb, calculate the ecuilibrium concentration in a room of 100 m
and no ventilation for a 13 p proton beam and a 1 m air

6.25 x 10
2 sgap. Assume a 1 cm beam. Specify which reaction you have chosen.

Data

-3 #Density of air at standard conditions = 1.29 x 10
3cm

2SMolecular weight of air =
}

23 mo eculesAvogadros Number = 6.02 x 10
e

Ouestion 2
Point Value

3 a) As a censultant to a university, you have been asked to provide
recommendations for the shielding requirements of a particle
accelerator. What informatien will be needed to provide these
reccmmendations?

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

o
c) Which type of radiation wculd you expect fer a 3 MeV electron beam'

interacting in a copper target? Fcr a 30 GeV preten beam interacting
in a cepper target?

.a
_a_ y

.Q9
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ABHP Exan #20 -10

cint Value b) If the measurement of activity induced in tissue were to be taken in
tqe radi0 active environment of the accelerator anere the y-cackgr und

2 is v i mR/hr c uld the induced activity be dettcted? (T;e Na; detect:r
gives 400 c;s in an exposure rate of 10 2R hr~' due t: 4 ?.1 y's).

2 c) What other steps would you take in insestigating this incident?
.

Cuestion #15 .

A line containing g5% enriched uranium in solution as uranyl nitrate is
being cut in order to install equipment to disicdge a plug in the line.
Ac a health physicist ycu hapcen en tne scene as maintenance people are
cutting tne line. They are dressed in coveralls, latex gloves, plastic
boots, and are wearing respirators, hard hats, and g:ggles. The field of ,

radiction is 350 mrem /hr and ali persennel are standing arrund the equipment
watching progress of the work. The area has been ribbened off and a
plastic bag has been taped to the line around the cut area in order to

Point Value prevent contaminants fr0m splashing to the fl0cr and adjoining equipment.

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

6 b) What, if any, changes would you recommend in the pr0cedure?

Cuestien H5

You are the health anysics member of a design review team respcnsible f:r
evaluating the design of a fuel reprocessing plant. As taans of reducing
doses to personnel from radicactive material and releases of racioactive
materials to off-site locaticns, briefly discuss the design of each of the

Point Value following:

3 a) containment and confinement barriers

3 b) shielding

i c) physical laycut

2 d) ventilati:n
1 e) equipment design

-i

i 1,g

a
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Ficure for Cuestion 11

10- -
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Lead, =

Cuestion 412

A three r:c nuclear medicine de;;ar* rent in a c:tcunity hospital is ::ndu::in;
reutine diagncstic studies with a rectilinear scanner and a ga=a ca. ara.
It receives a 200 cCi "0-99 genera:Or each week. Other radic:harmaceuticals
are obtained in individual patient deses. Radiotheracy is limitac :: I-121
for hyperthyroidism and thyroid cancer.

Ce. sign a cantinui g radia-i:n c:ntr:1 ;r: gram f:r this facili y. Se sure
: f a t '!C u e o discuss.

2 a) Records required

.,a, . a s . . . . . , . ;. . . . . e - . ,ua-

. s........ -,

2 c) Nursing ins ructi:ns, if any

2 c) R0utine racia-icn and ::nta..ination surveillance b //T
2 e) Perscnnel ::ni: rinc

~
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Cuestion #9

Fuel fabrication facilities may be required to manufacture plut:nium as
well as uranium based fuels.

Point '!alue Discuss:

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

3 b) The specific changes in facility design philosophy 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

225The concentratien of Ra in the atmosphere at a particular 1ccation has
been measured to be 10-15 aCi/cc on the average. The average concentration

225 a in the soil at this location is 2.2 dpm/g and it is approximatelyof R

Point Value unifornly distributed in the soil. The density of the soil is 2 g/cc.

2 a) Assuming a resuspensI'en factor of 5x10-7 m-I, what is the resuspendable
225Ra activity per m ?

2 b) What is the effective thickness of the resuspendable layer of scii?

5 c) Assuming an adult inhales 225Ra at the concentracion measured at this
location for 30 years, what wculd be the total intagrated dose equi-
valent to the bone at the end of the 30 year peried?

7Given: Breathing rate = 2x10 cc/ day
225 a inhaled reaching the bone is 0.2Fraction of R

T for removal cf 226R3 from bone = 1.5x104 days
E

225Ra = 0.3 rem / day-uCiCose equivalent rate to bene frt:

y.

J62~ .

//5
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A composite whole milk sample collected on April 10 from cows on pasture
at a dairy f arm revealed the following:

Nuclide Measured Concentration

40K 1100 pCi/l

89
5r < 2 pCi/l

90
Sr 12 pCi/l

131
1 < 0.2 pCi/l

137Cs 1.7 pCi/l

Ca 1030 mg/l

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 rainf all in the
area during the week of April 3 - 10 was 0.88 inches. Since the start of the
year, reactor operations have beeng 3 pormal and 24 kCi of gaseous
radioactivity including 26 mci of I have been discharged to the
atmosphere; approximately 8% of this amount was discharged the week of
April 3 - 10.

Point Value
6 a) Discuss the significance of the radionuclide concentrations given

above, and suggest an explanation for .iny anomalies.

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

2 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?

. ;\b
i

]
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Question 10

A geology research associate is studying bri.,e solubilization of transuranics

as part of a bedded salt waste disposal pregram proposa!.23hi*Pu,~ 3Am,
0

ggvebox,ge millicurie each of the following radionuclides:
' Cm, ' Cf. You, as University RSO, receive at 4 p.m. a telephone call
that there has b en a small fire in the glovebox frorn a solvent extraction
process. On arrivicg at the scene, you observe through the lab door window
that the glovebox apppears undamaged except for possible 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 stil! working
because there is air flow under the door into the lab. ' Previous studies with
smoke tubes have shown the mixing factor in the room to be 0.1. From your
experience, 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 f t / min.

Point Value
7 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
the appropriate protective clothing and equipment necessary to do this
job.

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

Radionuclide MPC, (pCi/cm )
-12Pu-238 2 x 10

2Am-243 6 x 10

-12Cm-244 9 x 10

Cf-240 2 x 10'l'

Ventilation Equation

C=C,e~ where

k = mixing factor
Q = ilow rate
V = volume

= time
C, = initial concentration

Resciratory crojection f actors

a) Half mask 10

b) Full-face mask 30

c) Airline respirator

half mask 1000
'3 [-bf ull-f ace 2000 ,r 7
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d) Self-contained breathing apparvus

pressure demand 10,000
demand 50

Permissible emergency excursion factor above MFC,is 5

Question 11

You are responsible for monitoring radioactive shipments at a waste
rnanagement f acility. A large shielded iron cask containing stainless steel
scrap from a reactor storage basin was positioned at 50 feet from a high
resolution gamm80 monitor and a 10-minute count showed photopeaks
characteristic of Co.

1173.2 kev: 2960 counts (net)

1332.5 kev: 5150 counts (net)
Po. t Valuein

3 a) Determine the apparent thickness of the cask assuming a point source
and no significant buildup f actor.

605 b) Estimate Co activity in the cask.
Linear Absorption

Coefficieng)-ironEnergy Photon Yield Detector
(cmNuclide (kev) % Ef ficiencv+

Mn 335 100 5.6 x 10 ' O.5112
-

b 4.1 x 10 ' O.4335Co 1173 100
-

6 3.5 x 10 ' O.4058Co 1332 100
-

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

"
Poir.t Value

10 You have been hired by a large nuclear facility as a consultant to develope a
respiratory protection program. Assume that the design of the f acility has
been reviewed and approved by a panel of certified health physicists and
that this panel has assured that engineering controls have been instituted
wherever practicable to minimize the inhalatien 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.

(.sb.s
s

4
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Question 13

A worker was found to have spent an entire 3-hour #ift in an area behinc a
wall adjacent to a radiography operation. The X-ray machine in use was
beamed down at the floor and operated at 220 kVp and 22 m A: the aceker
was about 10 feet from the tube head with oNy a plaster wall as a shielc.
The measured exposure rate at the workej's loc:. tion was obtained by the
radiographer with a thin metal (30 mg/cm Fe) wal! GM 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
charnber (200 mR full scale) on the wall behind the worker was of f-scale,
and a TLD in the same location read 50 mrem.p y

3 a) That dose would you assign to the worker? F.xplain your basis.

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

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

Ouestion 14

An air sampler with a flow rate of 2 cfm, operated fory4 hours ypting the
discharge from a stack. The stack gases contain both Fe and I, and the
stack. discharge rate is 6000 cim.

The filter was counted immediately af ter removal from the sampler and the
gress count was 11,280 cpm. Two days later the gross count was 10,666

12%, and filter collection efficiency is 85% for ) pour, counting ef,.fyiency is
cpm. The counter background is 100 counts per

Fe and 50% for I.
Point Value

a) Calculate the concentration of "Fe and I I3 Iin the stack effluant.

I b) Given that the iodine is in the e!cmental form and that the iron is
attached to particulates, what type of filter media would you use in
this air sampler?

3 3I -10
c) Given thy VFC for "Fe = 5 x 10 p Ci/cm and for I = 1 x 102

pCi/cm , whai recommendations would you make concerning this
stack effluent?

2 d) Oo you think your answer is " stat:stically significant"' Thy?

Data

T f c r "mFe = 25 daysg
'

131
T for I = 3.05 days

v*
3

1 cu. f t. = 23.CCC cm

?r9
J O t. !*i | r,y
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Cuestion 15

A special maintenance job at a 1230 MWe unit SWR power plant involves
rebuilding a reactor water cleanup pwnp. The procedure calls for remosai
of trae pump from its isolation room to a temporary plastic service tent
where most of the work will be performed. Initial surveys indicate no
detectable airborne radioactivity, surf ace contiminatien Icve!s 'ce!ow the
minimum value for a contamination zone, and garnma fields of 200 mR/hr at
one meter and 60 mR/hr in the general working a o.

Removal from the isolation room can be performed by teams of three men in
four hours or six men in two hours.Foint Value

I
a) What is the approximate dose equivalent (Individual and integrated)

that the men could receive? -

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

The service tent is located 15 feet from a crud trap (a length cf piping 4'
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 15 feet from 0.25 R/hr to 5 mR/hr? (Neglect scatter
gound the wall. Assume that the predominant nuclide in the crud is

Co. Show all calculations.)
2

d) Appregmately how many Curies are contained in the crud assuming it
is all Co?

2
e) As plant health physicist what would be your recommendation

concerning this source of radiation exposure?

Concrete Builduo Factors for a Point Isotocic Source
px

*
1 2 4 7

1.0 1.97 3.13 6.22 12.3
Dose Sui! dup Factors

2.0 1.75 2.59 4.49 7.74

1.0 2.09 3.50 7.02 13.9
Energy Absorption Buildup Facters

2.0 1.79 2.69 4.71 3.16

003 road-Eeam Co
Gamma Dese Concrete Shield

.hTransmission Thickness Gnches) c
- .v

s
0.1 I!

t10.01 19 Ap
0.001 27

7.1 -
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Linear Abscrotion Coef ficHats Per fach

MeV C o nc r e. t.e.- . - -

1.0 0.354

1.1 0.337

1.2 0.321

1.3 0.306

60Half-life of Co = 5.26 years

60Co gamma energies 1.17 MeV

1.33 MeV

Ouestion 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 of f-scale and it will take two hours to have his TLD badge read. In
addition, he received skin contamination over parts of his body, the most
significant of which is 6,700 dpm on his f ace. The welder is a transient
worker and you have not received written confirmation of exposare frorn
previous emp!cyers as shown on the worker's NRC 4 Howeser, it is the first
week in the quarter and you are certain that he has recived no radition
exposure during this period at a f acility other than yours. His accumulated
pocket chamber readings at your f acility for the month are 600 mR prior to
this exposure.

,

a) This welder is critical to the repair of the system. Consequently, you2

are being pressed by plant management to 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 zone ?
Why?

b) Assume that you have made the decision to make an in vivo count ofu

the worker. The results of this count are:

131 A0
1 - 1.0 g Ci ' C o - 1.9 Ci

The activity is to be ceasider'd as the total acn.ity in *5e worker's
body.

362 121
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The data for these radionuclides are:

131': Critical organ = thyroid
e = I EF (RBE) n = 0.23 MeV for thyroid

Maximum permissible burden in total body = 0.7 pCi
Physical T
Biological k = =3 days133 days
Thyroid weigbt = 20 grams
Thyroid size = 3 cm

f2 = 0.2
60Co: Critical organ = whole body

( = I EF (RBE) n = 1.5 MeV
Maximum permissible gurden in total body = 10 pCi
Physical T days
Biological k = =1.9 x 10g 9.5 dgys
Body weight = 7 x 10 grams
Body size = 30 cm

f2*I
Possibly useful formulas for calculating doses:

Dose (rem) = 51.2 ef 2
q(t)dt

m

51.2 (qf
2

Jose (rem) = mA

51.2 (qf2*
Dose frem) =

Calculate the dose commitment to the critical organ. How much of
this dose would you assign to the first quarter?

2 c) That additional things would you recommend concerning '.his internal
exposure?

2 d) The TLD badge for the wor'<er read 2.0 rems. Do you have an
overexposure that must be reported to the NRC as spe< ified in
ICCFR20?

n

*.

m)3
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Section 6

Part II - Answers to Tveical Ouestions

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
acce ptable . In grading questions, the Examining Panel is looking for pro-
fessional attitude, technical approach, crganization, 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

I. Radiation sources could be any material the beam could strike such
as:

Collimators
Magnets
Beam pipe

a. Under normal operating conditions there could be beam loss
caused by the s1 .. 1 in the electron momentum causing a
portion of the beam strike material. This would be a small
continuous loss gene.ating high energy photons and photo-
neutton s .

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 into some material (listed above) .
This would generate a point source of high energy photons and
ne utrons .

II. The shielding should be high Z material arcund the beam pipe to reduce
the photon and high energy neutrcn intensity as quickly as pcssible.
This must be followed by 1cw Z material (concrete) to absoro the mcder-
ated neutrons .

III. a. Calculate beam power

P= 2. 5 x 107 (eV) x 1 (amp) x 2 x 10-6 (sec) x 3.6 x 102 (sec-1)

1. 8 x 10 t watts=

' i'-79-
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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 0.05 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 U , Question 2

1. Air Monitoring

40K and 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 .

2. Sample Counting

- Cosmic radiation contributes significantly to the background

counting rate of low-level beta and gamma counting equipment, even though
they may be wd1 shielded from effects of terrestial radiation.

3. In Vivo Counting

40The human subjects contain significant quantities cf K and
may have in or on their bodies scme radon daughters. The equipment in the

40counting chamber may contain K, U and Th. The air in the chamber may
contain raden and thcron plus their daughters. Some cosmic radiation will
penetrate into the ccunting chamber.

4. Radiation Background Measurements

'

All four will contribute to backgrcund measurements making it .r
'

difficult to detect small contributiens to background radiation from other '

activitie s . d;x'O
.
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5. Calibration cf Lcw-Level Instruments

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

6. Materials for Construction and Shielding

40K and U .Almoet all soils and masonry materials contain
Some contain Th.

7. Radiochemical Analyses and Materials and Equipment Used

Radon and thoron daughters may be contaminants in low-level
laboratcrie s . 40K and isotopes of the U and Th series may derive from
materials such as glassware ceramics, etc. , and some of the chemical

40reagents will likely contain K and some of the isotopes of the U and Th
serie s .

3. Fuel Cvele - Exam 19, Question 15

Werk on each cf 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 end 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 a pump in this stream will be
centered around the slight fission product contamination that may still be in
the uranium stream. In addition, although the U-235 enrichment will be in

the range c. * t few percent, there is a chance (under unusual circum-
stances) suc. as daining a long length of small diameter piping into a large
container) that censiderations will have to be given to potential criticality

proble ms . The work area shculd be papered ad abscrbent paper placed
under the pump to abscrb 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 < MFC , mask requirements can be remcved. When
pump is cpened, beta and hand exposure rates should be evaluated. Iob

should require health physics coverage at the start of the jcb, at the time

pump is opened, and after work area cleanup,

b. Plutonium Stream

The main prcblems in werking on a pump in this stream will be

centered around potential for rapid spread of contamination, potential for
ingestion and criticality considerations . If pump is to becdr,ained into an

sGg ; o ,-
$ [. b

-79-



, ,

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 mere
concentrated 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
prmp 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 a double
set of clothing and an air-supplied fun-face mask with all joints taped.
Serious consideration should be given to using an air-supplied plastic
suit over one 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 dir within hut) . Once purp is opened,
exposed surfaces 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 ,

c. Fission Product Stream

The main problems in working on a pump in thm 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 wcrk 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 werk area. The work area should be papered and covered with
pla stic . Consideration should be given to using a simple hut cr tent if
pump is in a large rcom and dose rates wiH permit construction of the hut
without undue exposure. Absorbent paper should be placed under the pump
to conect any leakage when the pump is cpened. When the pump is opened,
beta and hand exposure rates must be evaluated (exposure rates may well
increase by a facter of 3 to 20) . Once pump is ocened, expcsed surfaces
should be decentaminated with abscrbent pads held with tongs to minimize

hand exposures. Personnel should wear an a!r-supplied full-face mask
with at least one set cf protective clothing and dcuble rubber gloves with
au Jcints tapec. Consideration shculd ce given to wearing a double set
of coveralls depending on the actual werk to be performed. Air camples
shculd be taken during the pump opening, and at several times during *he

I>0O
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subsequent work. Icb should require health physics coverage at the start,
at the time the pump is opened and after the werk area cleanup. If conta-
mination levels are very high, contir.ucus coverage might be required once
the pump is opened.

4. Medical - Exam 20, Question 11

a. Parameters:

P(dose) (d)K=
WUT

P= 0.1 rem /wk maximum permissible dose

d=2m

W= (20 pts / day)(5 d/wk)(4 films /pt)(100 As/ film)(1 m/60sec)

666 mAmin/wk=

U= 1/16 for a radiogrcphic installation

T= 1 for a controlled area

WUT = 41.6

( .1)(2) 2K= 9.6 x 10-3=
41.6

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 a 0. 5

sec exposure , the heam-en 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 fcr this area is 100 mR/wk: therefcre , 200 mR/hr is
not exces sive .

n ,
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5. Power Reactors - Exam 20, Question 8

a. Total activity builtup on a demineralizer can be calculated using:

" !* '"pCi= (1-e- A t)
1

Where: p Ci/ min is .he input activity rate =

C1/ml x 6001/ min x 1000 ml/l

1.30(5) mint= 90 days =

pCi After
Radionuclide Halflife X(min-1) u Ci/ min 1-e-h 9 0 day _s_

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(5) 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) L 6 5 (-3) 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:

R=
d4

Where: R= radiation level in R/hr

C= Ci

E= MeV/d

d = distance in feet 9.64=

The beta radiaticn does not enter the picture because of the steel
demineralizer vessel and the distance frem the source

4.0' min.4 weekst = =

N
\

9>'
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Activity After

4 Weeks Gamma R/hr
6 CE

Radionuclide e At UCi Ci MeV/d- *

Co-60 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. 3 5 (-1) 1.30

Cs-137 9 . 9 8 (-1) 2.48(9) 2.48(3) 5. 61 (-1) 8.62(1)

R/hr at 3 m 9.26(1)=

6. University - Exam 19, Question 10

a. Shielding and distance

Since the source is a beta 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 la generally nct 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 exposure 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.

c. Time and distance

This source produces a high neutron dose rate anc the particular
operation is to be done only once. Due to the neutmns , 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 exposure. Further, since the transfer is to be done only
once, adequate shielding would greatly add to the cost cf the operation.
Therefore, several practice transfers should be done using a simulated source
and long handling tecls to increase the distance from the scurce. The

practice transfer will serve to uncover any unexpected, par .icularl'/ diffi-
cult steps and, thus help to reduce the time of expcsure to the actual scurce.
Thus, time in conjunction with distance (long handling tcols) is probably
the best solution to this radiation exposure prchlem.

[pg
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7. General - Exam 20, Question 3

a. Dosimeter

A

0.1 rem

20 cm Surface of back
I

|Belt ,

E- 25 cm - D - 10 cm- C
35cm

Given exposure of 0.1 rem at A. Calculate exposure at D

2 2 40.31 cmAC = 20 + 35 =

= Arc tan (20/35 ) = are tan (0. 57)O 29.74=

BC = 10 cm x sec e = 11. 5 cm, .*. AB = 40.31 - 11. 5 = 28.8 cm

(40*31)2Neglecting atlanuation, Dose (B) x 0.1 rem=

(11.5)2

1.23 rem=

0.693 0.693 *4 *1_= = "
5 cm

-0.! 4 x 28. 8 0.018Attn = Io = e 4X-

= e =

*

Dose (B) = . 68.26 rem=
.018

(1 1 . 512 30.27 remx 68.26Dose (D) ='

(10)2

_

~;s>
q

*i3 '-
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b. 1. Inspect radiographic equipment to rule out malfunction (radio-
graphic " cameras" usually have a positive indication of scurce
retraction to the " safe" position) . Set up a regularly scheduled
preventive maintenance and monitoring program for the equipment.

2. Have the radiographer wear a " chirper" or " beeper" alarming
pocket radiation monitor, and/or monitcr the work area before
re -e ntry .

3. Develop standard operating procedures for radiographic equip-
ment usage. Couple this with scheduled periodic refresher
courses and equipment checkouts for all users.

4. Use a portable, radiation activated warning light and/or audible
alarm in the radiation area during all radiography sessions.

1,

/J/
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Section 7
Succested Study References

The following bibliography is intended to 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 stion. This listing is by no
means complete, and the candidate may need to consult additional reports,
journals, and text books for information not provided in the references below.

At the same time, the Board does not want to infer that study of
all cf these references is necessary to successfully complete the eumination.
The list is provided as a guide to the type of material which should be studied.

Selected Health Physics Bibliography

1. National Council on Radiation Protection and Measurements Reports -
Particularly the following:

NCRP Report No. 8 (NBS Handbook 48) Control and Removal of Radio-
active Contamination in Laboratories (1951) .

NCRP Report No. 22 (NBS Handbook 69) hicimum Permissible Body
Burdens and Maximum Permissible Concen+ rations of Radionuclides
in Air 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 Handbook 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 cf Radioactivity
Procedures (1961) .

NCRP Repcrt No. 32, Radiation Protection in Educational Institutions
(1966).

NCRP Repcrt No. 33, Medical X-ray and Gamma Ray Prctection fcr
Energies Up to 10 MeV - Equipment Design and Use (1968) .

NCRP Reper No. 3 5, Cental X-ray Protection (197 0) .

NCRP Repcrt No. 38, Protection Against Neut on Radiation (1971) .
'

NCRP Repcrt No. 39, Basic Radiation Protection Criteria (1971) .
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NCRP Report No. 43, Review of the Current State of Radiation Pro-
tection Philosophy (197 5) .

NCRP Repcrt No. 48, Radiation Protection for Medical and Allied
Health Personnel (1976) .

NCRP Repcrt No. 49, Structural Shielding Deisgn and Evaluation for
Medical Use of X-rays and Gamma Rays of Energies Up to 10 MeV
(1976).

NCRP Repcct No. 50, Environmental Radiation Measurements (1976) .

NCRP Repcrt No. 51, Radiation Protection Design Guidelines for
0.1 - 100 MeV Particle Accelerator Facilities (1977) .
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ICRU Report 14, Radiation Dosimetry; X-Rays and Gamma Rays with
Maximum Photon Energies Between 0.6 and 50 MeV.

ICRU Report 17, Radiation Dosimetry; X-Rays Generated at Potentials
of 5 to 150 kV.

ICRU P.epo.-t 19, Radiation Quantities and Units.

ICRU Report 20, Radiation Protection Instrumentation and its Application.

ICRU Report 21, Radiation Dosimetry; Electrons with Initial Energies
Between 1 and 50 MeV.

ICRU Repcrt 22, Measurement of Low Level Radioactivity.

ICRU Report 25, Conceptual Basis fcr the Determination of Dose
Equivalent .

3. International Commissicn on Radiation Protection Publications - Parti-
cularly the f011owing:

ICRP Publication No. 7, Principles of Environmental Monitoring Pelated
to the Handling cf Radioactive Materials .

ICRP Publication No. 8, The Evaluation cf Risks from Radiation.

ICRP Publication Nc. 9, Recommendations of the ICRP.

bb} 1,.
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ICRP Publication No.10, Evaluation of Radiation Doser to Body Tissues
from Internal Contamination due to Occupational Exposure.

ICRP Publication No.10a. , The Assessment of Internal Contamination
Resulting from Recurrent or Prolonged Uptakes.

ICRP Publication No.12, General Principles of Monitoring for Radiation
Protection of Workers.

ICRP Publication No.15, Protection Against Ionizing Radiation from
External Sources .

ICRP Publication No.16, Prctection of the Patient in X-ray Diagnosis.

ICRU Publication No.17, Protection of the Patient in Radionuclide
Inve stigations .

4. Attix, F. , et. al. , Radiation Dosimetq, Vols. I - III, Academic Press,
1968.

5. ANSI Standards, Nuclear Series, American National Standards Institute,
Inc. , New York, NY 10018.

6. Becker, K. , Solid State Dosimetrv, CRC Press ,1973.

7. Blatz, H. , Radiation Hvciene Handbook, McGraw-Hill, (1959) .

8. Cember, H., Introduction to Health Physics, Pergamon Press, (1969) .

9. Eisenbud, M., Environmental Radioactivitv, McGraw-Hill,1963.

10. Fitzgerald, J. , Aco11ed Radiation Protection and Controls, Vols. I & II,
Gordon and Breach,1969.

11. Friedlander, G. , et. al. , Nuclear and Radiochemistrv, Wiley and
Sens, New Ycrk, NY 1964.

12. Health and Safety Labcratcry Precedures Manual, (HASL 300), US ERDA,
New Ycrk, NY 10014.

13. Health Physics Journals , Pergamon Press .

14. International Atomic Energy Agency, IAEA Safety Senes 1 - 30, UNIPU3,
Inc. New Ycrk, NY. h

N
A,
9

-88-



, .

15. Johns, H.E. , The Phvsics of Radioloov, Charles C. Thomas Publisher,
1971.

16. Lapp, R.E. and Andrews , H. , Nuclear Radiation Phvsics , Prentice-
Hall, 197 2.

17. Medical Internal Radiation Dose Committee , MIRD Succlements,
Society of Nuclear Medicine, New York, NY.

18. Morgan, K.Z. and Turner, J.E. , Princicles of Radiation Protections ,
John Wiley and Sons, Inc. (1967) .

19. Overman and Clark, Radioisotone Technicues, McGraw-Hill,1960.

20. Patterson, H. and Thomas R. , Accelerater Health Physics , Academic
Pre s s , 1973.

21. Price, W. , Nuclear Radiation Detection, McGraw-Hill,1964.

22. Radiological Health Handbook, U.S. Dept. of HEW, Public Health
Service, Rockville, MD.

23. Report of the Advisory Committee on the Biological Effects of Ionizing
Radiation, The Effects on Poculations of Excesure to Low Levels of
Ionizino Radiation (BEIR Report), National Academy of Sciences,
National Research Council, Washington, D.C.1972,

24. Saenger, E. , Medical Astects cf Radiation Accidents, GPO (USAEC),
1963.

25. Slade, D. (Editor), Meteorolocv and Atomic Enerov, USAEC, TID-24190,
1968.

26. Tay1ct, L. , Radiation Protection Standards, CRC,1971.

27. Title 10, Chapter 1, Code of Federal Regulations , USNRC, Washington,
D.C. 20555.

28. United Nations Scientific Committee cn the Effects of Atomic Radiaticn,
Icnizinc Radiation: Level and Effects , New York , NY 1972,

29. US NRC Regulatcry Guides, Particularily the following: 8.0 Cccupa-

tional Health serie s , 1. 21,1.101,1.109 and 4. 2.

30. Wash - 1400, Reacter Safety Study (Rasmussen Repert) Particularily:
Main Repcrt and Appendix VI (Calculation of Reacter Accident Ccnse-
que nce s) .
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Section 8

Exam Stratecy

The Board believes that it is 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 belcw, 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.

1. Budget your time so that you are answering aoout 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 to answer every question.

4. If you are uncertain about an answer, it is probably true
that your first choice is the ccrrect answer. Do not change an

answer unless you are certain that the first answer is wrong.

PART II

Part II censists of 16 questions, of which you answer any 7 in

4 hours . These questions may call for both numerical answers in which rib-

stantial calculation may be involved, and shcrt essay-type answers .

1. When you receive this part of the examination, read through in
it in its entirety, then begin to werk the questions which are s;

'
easiest for you. Save the difficult questions until the end.

s
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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 is asked.

4. Think carefully about numerical constants and assumptions
that you use. Try to be sure that they are accurate and reasonable.

5. Do your best to demonstrate a professional approach to the
problems .

6. Crganize / cur answer in a 1cgical outline form to use as a
check list to assure efficient and complete subject treatment. A
concise, well-crganized answer is much nere impressive than a
rambling ten page discertation.

7. Re-read the question after completing it to be sure you have
answered all the pcrtions of the question and have provided all
the infcrmation requested,

b)' ,
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Section 9

Gradino Criteria

Effective September 23, 1977, the Scard has formalized the
following grading criteria for the certification examination.

.

1. Part I - Taken Alone
t

Passinc 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.

2. Part I and II - Taken Tcgether

Passinc Criteria _

To pass the exam, the candidate must achieve a secre of at
least 67 percent on both Part I and Part II.

Failure Uccradinc 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 Part I and Part II and whose average grade (Part I and II given equal
weight) is at least 60, the option to take 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 cral exam.)

b. The Board considers any grade less than 57 percent to
be below the standards for oral upgrading.

3. Availability of Perfccmance Informatica

Candidates may request their performance information to assist
thera in preparing fcr re-examination.

v'
'tgo
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DEFINITICS OF FJ.DIATION PROTECTION TECE:;0LCGIST

A Radiation Protection Technologist is an individual devoted to the

protection of nan and his environment fro: unwarranted radiation exposure.

This person is engaged in the study of the proble=s and practices of

providing radiation protection. He is concerned with an understanding
__

of the mechanisms of radiation da age, with the development and

imple=entation of methods and procedures necessary to evaluate radiation

harards and with providing protection to can and his environment from

unwarranted radiation exposure.

t
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DEFINITICH OF A RADIATION FF.0TECTION TECHNOLOGIST
.

Health Physics is a profession devoted to the protection of
man and his environment from unwarranted radiation exposure. A

Radiation Protection Technologist is a person engaged in the oper-
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 procedures necessary to evaluate hazards and with providing
protection to man and his environment frca unwarranted radiation
exposure.

.

.
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AN IMPORTANT MESSAGE TO CANDIDATES

This guide will help you prepare for the National Registry
of Radiation Protection Technologists (NRRPT) examination. The

guide, however, will not be the key to a good grade on the examina-
tion. Successful candidates usually start their preparation 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 a good 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 represer.;, 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.

bt? | tj }
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CONTENTS OF fiRRPT EXA:4IilATION

The examination consists of 150 multiple choice questions
divided into three general categories: fundamentals, measurements,

and operational health physics. Four hours are allcued for the
exam. flot all the questions 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 NF.RPT 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 requiring
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 questions you are
sure of. Pass over the difficult questions you are un-
certain of, saving them until the end. Don'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. Do not
change an answer unless you are certain your first answer
is wrong. .

Further information about the NRRPT program may be obtained
frem the Chair an of the National Registery of Radiation Protection
Technologists.

Mr. D. Marshall
TRA 667
EG&E Idaho, Inc.
P. O. Box 1625
Idaho Falls, Idaho 83401

NS [ tj J
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TYPICAL EXAM OUESTIONS

1. An instrument that gives a direct exposure rate reading resulting
from X or Gamma radiation is a:

1. quartz fiber dosimeter.
2. ion chamber survey meter.

3. film cadge.
4. chemical dosimeter.
5. proportional counter.

2. Typical counting efficiencies of an ordinary (2 n) internal
proportional counter for weightless alpha and beta sources
might be, respectively:

Alsha Beta

1. 10% and 50% -

2. 50% and 50%
3. 50% and 65%
4. 65% and 75%
5. 75% and 50%

3. The maximum permissible dose to the whole body of any individual
in a restricted area as stated in the Nuclear Regulatory Commission
rules and regulations is expressed as rem per:

1. hour
2. week
3. month
4. calendar cuarter
5. calendar year

4. In general, the body cells most susceptible to damage by radiation
are those found in:

1. highly specialized tissues
2. rigid or semirigid tissues
3. muscular tissues
4. racidly dividing tissues
5. encocrine ; issues

.

%
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5. Wnich of the folicuing combinations of instruments would make
the best selection for determining the dose at the cpen beam
port of a swimming pool reactor?

1. Air-ecuivalent-wall ionization chamber, boren tri-fluoride
counter, tissue-ecu1 valent fast neutron counter.

2. Geiger counter, coron trifiuorice coun:er, pnospnate glass
2

3. sh d bmg/cm)ionchamber,moderatedborontri- .

fluoride counter, zinc sulfide scintillation detector.
4. quartz fiber clectroscope, methane recoil protu

counter,Geigergaunter.
5. shielded (50 Mg/Cm ) ion chamber, methane recoil proton

counter, zinc sulfide scintillation counter.

6. Which one of the following instruments is least useful as a
basis for detecting and measuring a neutron rluence?

1. proportional counter
2. ionization chamber
3. fission cnamber
4. scintillation counter
5. BF Ceiger counter

3

7. Proportional survey meters are of ten preferred to Geiger-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. are less energy dependent.

8. Two atcmic species are referred to as isotopes if they have
the same:

1. atomic number but a different mass number.
2. atomic weign: tu: a different accmic numoer.
3. mass number and atonic number but different

radioactive procerties.

4. number of neutrons but a different mass number.
,

5. mass number but a different atomic number.

9. In picacurie of any radioactive substance, the disintegraticn
rate is:

1. 2.22 DPM -
2. 2.22 x 10' OPM
3. 37,000,000 CPM
4. 3.7 x 10! DPS
5. 3.7 x 10'C CPS .

b$~) < . ..
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To aid in reviesing for the exam by either home study or organized
training courses a General Outline of the three catagories, (Funda-
mentals, Measurerents and Operaticnal) is supplied. Also included
a list of suggested reference books. This list does not by any
means const":ata the ccmplete reference material outline.

GENERAL CUTLINE
'

l. 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 Tooics)

Fundamentals of Radiological Health
Specialized Topics
Beneficial Applicaticns of Radiation

Basic Related Science

Chemistry
Physics
Biology (Bactericlogy, Nursing Care, ihysiclogy, Anatomy)
Electronics
Engineering, Mechanical and Civil

3 .
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II. MEASUREMENTS

Detection and Measurement Instruments and Devices

Basic Theory - Detectors
Basic Theory - Readouts
Calibration
Maintenance

~

Use
Applications

.

Excosure Evaluation

Techniques for External Sources
Techniques for Internal Sources

Environmental Surveillance and Samole Analysis

Analysis of Gross Activity
Analysis for Specific Radionuclides

III. OPERATIONAL

Exposure Evaluation

Guidelines
Effects and Behavior of Radionuclides

Protection and Shieldino

Basic Principles
Radiation Generating Equipment
Radioactive Materials
Nuclear Reactors

Reactor Safety and Hazard Evaluation

Reactor Theory and Control (Critical Mass)
Fissicn Product Inventories
Hazard Evaluation
Routine Operations
Transportation
Fuel Production and Preparaticn

Radioactive Waste M2nacement

Gases and Particulates
Liquids
Solids

..
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Survevs and Inscections

Radiation Generating Equipment
tiuclear Reactor Operations
Radionuclides Users

Environmental Surveillance and Samole Analysis

Sampling Procedures and Equipment
Existing Levels and Data Interpretation
Environmental Sources

Nuclear Emercencies
'

Sources and Types of Accidents
Emergency Exposure Guides
Public Relation and Administrative Aspects
Medical Aspects
Hazard Liability
Aerospace Nuclear Safety -

Radiation Protection Guides, Reculations and
Recommendations, Lecislative Power

.

.
e
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APPENDIX A

Hcme Study Aids

1. Radiation Monitoring, ECM 123.

ERDA Technical Information Center
P.O. Box 62
Oak Ridge, TN 37830 Single copy - $3.70
(make checks payable to ERDA) 25 or more - $2.50

2. Radiation Safety Technician Training Course, ANL 7291, Rev. I, H. J. Moe,
S. R. Lasuk, et al.

National Technical Information Service
U. S. Dept. of Commerce
5285 Port Royal Road
Springfield, VA 22161 (est. $6.00/ copy)

3. Atomic Radiation, Theory, biological 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,
radioactive shipment, waste disposal. 110 pages

R.C.A. Service Company
Government Services
Bldg. 204-1, Cherry Hill
Camden, NJ C8101 (post paid 55.00)

.
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APPEN0!X B

Reference List

1, Morgan, K. Z. and Turner, J. E. , Princiales of Radiation Protection,
A Textbook of Health Physics, John ',nley & Sons.

2. Cember, Herman, Intrcduction to Health Physics, Pergamon Press,1969.

3. NCRP Report #39, Basic Radiation Protection.

NCRP Recort #45, Na;.<al Radiation Sackcround in the United States.

4 Radiological Health Handbook, DHEW, PHS. Revised Edition, January 1970.

5. Blatz, Radiation Hygiene Handbook, McGraw-Hill, 1959.

6. Chase, G. D. and Rabincwitz, S. L., Princioles of Radioisotope

Methodology, 3rd Edition, Burgess Publishing Company,
Minneapolis, Minn.

7. Shapiro, Jacob, Radiation Protection, Harvard University Press,
Cambridge, Ma.

8. Hurst, M. S. and Turner, J. E., Elementary Radiation Physics,
John Wiley & Sons, New York, N. Y.

9. Glasstone, S., Sourcebook on Atomic Energy, Van Nostrad and
Reinhold Company, New York, N. Y.

10. Casarett, A. P, Radiation Biology, Prentice-Hall, 1968.

11. Lapp, R. E. and Andrews, H. L., Nuclear Radiation Physics,

Prentice-Hall, 4th Edition, 1972.

12. Frankel, Robert, Radiation Protection for Radiologic
Technologists, McGraw-Hill, 1976.

13. Eisenbud, Merril, Environmental Radioactivity, McGraw-Hill,1963.

.
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American Board O- Hea:.t:1 P:2ysics

March 1978

Dear Colleague:

Enclosed for your information is caterial concerning the Centinuing
Certification Progras. The folleving information is enclosed:

(1) General Policies and Procedures

(2) Guidelines for the A3HP Continuing Certification
Program

(3) Applicatien for Renewal of Certification

(4) Application for AEEP-CEP Course Approval

Inquiries concerning the Continuing Education Program should be made
to the follcwing individuals:

(1) Inquiries concerning education credits for courses and
related activities should be directed to:

Lester Slaback
AFRRI N'.0".C
Bethesda, Maryland 20014

(2) Inquiries concerning centinuing certification of individuals
and applications should be directed to:

Carlyle J. Roberts
Division of Environmental I= pact Studies
Build!ng 10
Argonne National Laboratory
Argenne, Illinois 60439

In addition, information dealing v:.th courses and supporting documenta-
tien submitted to L. Slaback should be sutrarized in concise language
not to exceed 5 pages. If =cre than 5 pages are required, then the
individual and/cr organi:ation should provide 5 additional copies.

A fernal newsletter su==arizing the previcus year's activities will M
7be transmitted in April. g

?
Thank yce for your continued support of A3E? activities.

%NRMichael S. Terpilak
% %gSecretary-!reasurer

w
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| Mena to: Certified Health Physicists

fr::: C. J. Roberts, Vice Chair:an, AEHF

Subject: C ntinuing Certifica:ica Fregra:
I
i

This is a s atus report on the Continuing Certification (or recertification)
Progra: of the A erican Board of Health Physics.

The progra had a lengthy gestatica period which included an open discussion
of con:inuing certifica:1on at :he Annual Health Physics Society meeting
in 1975 and invi:aticas* to all CHP's for con =ents concerning the Board's
evolving proposals. As a result of this extended dialegue the Board diple:ates
did reach a ccrsensus on guidelines for a continuing certifica: ion prograr.
These guidelines, f ormally adepted by the American Board of Health Physics
at its =ee:ing en June 27, 1976, are enclosed (see Attach ent 1).

At its San Francisco meeting last June, the Board also appointed the
Centinuing Educa: ion Panel called for by the guidelines. The panel is chaired

by Foger J. Cloutier (see A::achment II f or complete ce:bership list) . The
responsibilities of the Panel include establishing standards for approval of
courses to meet A3H? continuing education requirecents.

Although the Panel is not ready to publish a general set of standards for'

use by potential sponsors in organizing acceptable courses, it is in the
process of approving certain refresher courses to be given at the 22nd Annual
EPS nee:ing in Atlanta, July 3-3, 1977. As soon as these arrangements are

:cepleted the details will be announced in the HPS Newsletter, end in the
progran for the Atlanta meeting. As any as 6 hours of lecture may be approved
for credit. Since the refresher courses have been scheduled in pairs, anyone

the Atlanta meeting will be able to attend up :o three hours of approvedat

lectures. A total of 16 contact hours of lectures and demonstrations in
advanced health physics tapics is required during each reneual period, including
the initial one which ends en December 31, 1931.

Tae Soard expects to publish general standards for approval of continuing
educatien courses scer after the Annual HPS reeting. Applications for renewal

!
cf :ertifica:icn also will be available a: :ha: time, although it will not be

i pcssible for CHP's to apply un:il they have accurula:ed the required credits
for at:endance af approved courses.

Please le: ce knew if you have ques:icas or carments ::ncerning the continuing
:er:ifi:2:ica program.

I C. J. Roberts ? hone:

f CEA-15 312-739-7711
; Argonne .,..a::anai _accr2:Ory -n:. , , ;. ,- . . . .

__ .

I

i
.

I
, . C. Reinig, Chairman of the ;.3HP a: that time, da te d Oc:cber 10,197 f ,j
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I. Renewal Period
4

;

| In the five-year period beginning en January 1,1977, and during each four-'

year period thereaf:er, each Certified Health Physicist shall renew his
certification. Individuals cer:ified after January 1, 1977, shall renew
their cer:ifica:1ca wi:hin each fcur-year period starting en January 1 in
the year after certification is awarded.,

Exclanatorv Note: Present Certified Health Physicists would be re9uired.
.

to renew their ce:-ifica:ica before January 1,1982. The next renewaldeadline would be January 1, 1986. For example, an individual cay choose
k

to be recertified in 1977 and he may wait until 1985 before the next
*

renewal.
|

II. Extension of Renewal Teriod

The A3HP cay extend the renewal interval, upon request. ten an individual
cannot =eet the requirements because of sickness, fore - cesidence or
other unusual circumstances.

Exclanatorv Note: This flexibility is provided to allow the Board to grant
extensions when necessary. These cases should be infrequent.

! III. Recuirements for Continuing Certifica:ica

To renew his certification a dipiccate shall re ain active in the professica
I

of health physics end keep abreast of new developments in the profession.
De= castration of these requirements shall be provided through the following

! steps that shall be accceplished during the renewal period:

Submission of an Applica:ica for Renewal of Certification.a.
t

I
t b. A: endance at A3HP-spproved con:inuing education courses.
.

a

Submission of further documentatica to verify professional responsibil-c..

'

ities cnd ac:ivitiec =ay be required by the Board.
.

E=;2na :rv 'scres:
_

The Applicati:n for Renewal of Certifica: ice will provide :he Scard wi:ha.

information abcu: the dip;;cate's prof essi:nal ac:ivities during the'

pas: four years. The form will be similar :o the criginal applica:ic:'

for certifica:icn. The applicati:r will also include a reaffir ation
:ha: the individual is f ifilling the Professional Responsib'''-d es of,

1 e. e . . < c .e , u u.o_ _, $ . w o. w. . . . , , . 4 . .2
.... ,o.--e.._.,

b. The con:inuing education require ent will be cet by attendin; professional-
level courses appr ved by :he A3FF- During the renewal period, each
dipiccate shall attend a c:urse er courses pr:viding a total of at least.

15 con:ac- hcurs of lec:ures 2nd demons::a:icns on advanced health
'

p5vsics : pics. No course ex2 ina:ia,na -ill he r,equired. Coursea ray bef 1 - '
7

..J L i )
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sponsored by any organi:atica. Each course n.ts: be approved by the'
I

n2H2 pric: to attendan:e. Approval may be requested by spcasors of
courses or by individual Certified Heal:h Physicists. The Board will
establish : Panel on Continuing Education to arrange and accredit courses.
Lec:urers at an ASRP-approved course will recaive appropriate credit
depending on :he extent of their participation. Whenever practical, thei

A3HP will announce the apprcved courses in advance through selected'

publicati:ns; hcwever, the sponsoring organization will have the primary
respcnsibility for course announcements.

c. If the Board cannot deter:tne through a review c' the Application for
Renewal of Certificatien that the applicant is actively engaged in the
professien of health physf a at least 25% e' his/her working time and
fulfilling the Professional Respensibilities of a Certifi2d Health
Physicist, the Scard may require the applicant to sub=1: reports or other
documentation and letters of reference to assist the Board in its review.
These cases should be infrequent.

IV. Classification of Certified Hecith Pbvsicists

There shall be three classes of Certified Health Physicists:

i
: Certified Heal.h Physicist: This class shall censist of all dipletates who, in
! :he judgeen: of the Ecard, meet the requirements for recertification. These
l individuals shall be included in published listings of Certified Health Physicists.
i

Certified Health Pbvsicis: - Emeritus: This class shall include Certified Health
i Physicists who have retired free full-time professional activity. These individ-

| uals shall be included in published listings of Certified Health Physicists with
i

j the Emeritus designaticn.

I

"ertified Health Phvsicist - Inactive: This class shall censis of all individ-!

|

I uals who, in the judgment of the Board, do not nee: the requirements for con-
I tinuing certification. These individuals shall not be included in the published

i listings of Certified Heal:h Physicists. At any future time, an it. iividual in

this class ay regain active status upon completion of the require =ents for
,

renewal of certifica; ten.

Exclana:crv ':c:e s :i

|

a. The Emeritus s:a:us wi.'.1 be awarded, upor request, to Certified Health
,

Physicis:s who re: ire frce full-time a::ive participatica in pro--

f essional activities because of age or health require:ents,

b. The Inac:ive status will, in cost cases, result frc individuals

changing disciplines. For several reasons, the Board chceses to place these

individuals in an inactive status ra:her than revoke certifica:ica. The
ecs: cc pelling reasen is that legal 2::ica may be ini:iated to prevent
revoca:icn of cer:1 fica:1cn. Although the 3 card is ccnfident : hat its

judgeen: would be upheld, the Eoard prefers to use its limited resources to
far:her the certifica:ica progra rather than expend Onen in legal pro-

ceiures.

/3 f*
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| V. Ecnewal Fee

. The renewal fee shall be $20.i

,

| Explanatorv Note: The fee for reneval of certification will be paid at the
! ti e the Application for Renewal of cer:ifica:icn is sub=1::ed. In additica,

| organi:ations that spensor centinuing education ecurses =ay charge a regis-
| ::ati:n fce for the courses. The Scard will encourage these organi:ations to

establish the registration fees at a reasonable level. Preferably, these-

i fees should o.,1y rei= burse the sponsoring orgvit:ation for the expenses incurred
in the administration of the course.

t
i

VI. Acceals'

!
'

Individuals shall have the right :o meet with the Board and appeal any decision
made by the Board that af f ects ' heir certification status.

t

:
'

CONTINUING EDUCATION PANEL
|

! Chair an: Roger J. Cloutier
'

Vice-Chairman: Robert L. Junkins

Ter: Excires 1977

|
: Donald E. Barber T. Jordan Powell
| 815 22nd Avenue, NW Mail Code L-518
i New Brighton, MN 55112 Lawrence Live more Laboratory

(612)373-3080 Liver: ore, CA 94550
'

i ~

(415)447-1100 X 3322'

Te r Excires 1978 FTS: 457-3322

; Roger J. Cloutier Jean St. Germain
j Oak Ridge Associated Universities Depart ent of Medical Pnysics

P. O. Box 117; Memorial Sloan-Kettering Cancer Center
i Oak Rid ge , TN 37830 1275 York Avenue

(615)483-8411 X 263 New York, NY 10021
*

FTS: 850-4642 (212)794-7390,

-ier:
-

1,s ,i v-cxc _, r es

Fracier 3rcascn Francis J. Haughey
2647 Nor:h Prind:e Radiatica Science.

Arling:cr Heignts, IL 60006 Busch Ca pus
i ' 312) 266-3 366 (wcrk' Rutgers University, ,
'

|312)259-7076 (hete) New Brunswick. NJ 08903,

(201)932-2551 oz 2582
: Te= E:c ires 1990
.

Rober: L. Jur.. ins Lester A. Slab _ck, Jr.
R;" ' " - " nagccen: Corporatica Ar'ed For:es R2diobiology Research Ins :itute
Sui:e 400, Science Center 31dg. #2 Cefensa Nuclear igency
3503 "arke: Stree: 3ethesda, MD 20014
? uladelphia , PA 191C4 (202)295-1255
, n )- ,) ~- . ,~J .,,fS-

.
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Ceneral tolicies and pmcedres.

A. In order to qualify for credit tcward meeting the continuing education
requirements of the American Board of Health Physics (AEEP) all courses and
other activities must be approved by the Ccntinuing Education Panel (CI?).
Applicatier for app:cval may be nude directly to the Chair .an of the CE? b'/ the
course sponsor or a participating f.:rtified Health Physicist (CHP), A pli-
cants are urged to submit their rquests far encugh in sdvance that a decision
can be made by tr- Panel and announced before the course begins; however,
the Panel will at.ept without prej v' ice (applying their usual approval criteria)
all applicaticas received within ninety (90) days after an event has concluded.1
Applicaticas must be in the fo n specified by the Panel and be complete in
all respects.

B. In the .:ontext of this document, a " continuing education course" is

a progra:n ' hat is fon. ally organized, is offered within a specific time
period, cove-s preselected topics and is given by s > 'ied individuals. Onlye
that portion c! a 3 ccram wilich relates rather directly to health physics-

and contribites to the technical ccmpetence of tne CFP will be approved.
Related subjects are 'b.;se that are used directly in health physics but are

not usually designatv. as health physics courses. E.urples of these might be
statistics, meteorology as applied to environmental dose assesment, reactor
coolant chemistry and n tation genetics. The Panel will evaluate each course
on the basis of centent, snstn:ctors' qualifientions, degree of student involve-

ment and schedule. Attel weighting these factors according to an established
fo=ala, it will assign each course a nur >er of centinuing educations credits
which may be less than the number of contact hours.

C. The following activities have beon revieAed by the CEP and approved
for continuing education credit with3ut specific application by individual
CUP's. These appromis aro exclusive of any additional education credits that
mig 5+ te earned by attending specific e~ents at these meetings.

(1) Attendance and participation at the annual Health Physics Society
meeting shall receive one centfnuing education credit per day with a limit of
thre (3) credits per meeting.-

(2) Attenda.:ce and participation at -he HpS .".Ldyea- Topical 5:. rcslum
shall roceive one continuing educatis.: credit ter day with a lir.it of three (3)
credits ;er meeting,2

D. Course spctscrs or organizers am st cngly encouraged to provide
cer*ificates of attendance or other fc=s of rcccc-itics to de attencees.

--.--. .

lAs an exception, applica icns for approval of continuinc education ac:1.i:ies
a %s m ti e cring 1977 m il be accen ed :n .;gn April 1. 1973.

,

~rne AEHp will accep a - axi= c : 3 CEC's acqu rW 2 r uch ' ~ o ", ce at :rese
metingst toward the required total of 16 credits.

b/ !hb
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GUIDELINES FCR Tr2
MRICAN EMD OF iEALTH FHYSICS
CC:TINUI:e CERTIFICATIO: PRCCRXI

I. Renewal Pericd

In the five-year pericd beginning cn Januare 1,1977, and during each fcur-year
period thereaf ter, each Certified Health Physicis:. shall renew his" certifica-
t ien . Individuals certified after January 1,1977, shall renew their certifica-
tien within each four-year period starting en 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. He next renewal deadline
would be January 1,19S6. For example, an individual may choose to have his
certification renewed in 1973 and he may wait until 1935 before the next renewal.

II. Extensica of Renewal Period

he AEHP .r y extend the renewal interval, upon request, when an individual
cannot meet. the requirements because of sickness, foreign residence or other
unusual circumstances.

Exclanatorv Note: This flexibility is provided to allcw the Board to grant
extensions when necessary. These cases should be infrequent.

III. Reauirements for Ccntinuing Certification

To renew his certificaticn a diplcmate shall remain active in the profession
of health physics and keep abreast of new develcpments in the profession.
Demonstration of these requirements shall be provided through the following
steps that shall be accomplished during the renewal period:

a. Subnissicn of an Applicatica for Renewal of Certification.

b. Attendance at AEF?-approved centinuing educ1tica courses, or other
approved activities.

c. Submissien of additicnal inic=ation to describc and verify his continuing
professicnal respcasibilities cnd activities if requested by the Scard.

.

Explanatcre Notes :

a. Tr.e .';plicaticn for Renewal cf Cenifi aticn will provide the Ecard with
infor~aticn abcut the diplcmate' af :.:icnal acti.i:ies since his

previous applica:ica was sucmi- Tr fc n will be similar to the
original applica:icn fcr ce - Tne applica:icn will also include
a reaffi: ation that the . 2 filling the Professicnal... s

Respcasibilities of a Cert . - _ Physicist.

___

inrcugacut this dec r.en: :he ccnventice.21 rasculine prcncun is u.3ed when collec ive"

remcers :f acth sexes are referred tu. thus , his = his/her,

7t 7 1 i. 9)s L 'u-



3. .

W Classification of Certi fied Health Physicist _s

Tnere shall be three classes of Certified Health Physicists.

Certified Health Physicist: Tnis class shall censist of all diplomates who, in
tne Juagment or tne Boara, meet the recuirements for recertificaticn. Tnese
individuals shall be included in published listings of Certified Health
Physicists.

Certified Health Physicist - Emeritus : Tnis class shall include Certified
Healtn Physicists uno nave retired frca 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 sno, in the judgment of the Board, do not meet the requirements
for centinuing certificaticn. Tnese 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 completien of the
requirements for renewal of certification. The necessary 16 CEC's must have been
earned within the span of four consecutive calendar years including the year in
which application is made.

Exclanatory Notes:

Tae Emeritus status will be awarded, upon request, to Certified Healtha.
Physicists who retire frca active participatica in professicne .
activities because of age or health requirements.

b. Tne Inactive status will, in most cases, result from individuals
changing disciplines. For several reascns, the Ecard chooses to place
these individuals in an Inactive status rader than revoke certification.
Tne most ccmpelling reascn is that legal a: tion :tay be initiated to
prevent revccation of certificaticn. Althcugh the Board is confident
that its judg ent would be upheld, the Ecard prefers to use its limited
resources to further the certificaticn prcgram rather than expend them
in legal procedures.

V, Penewal Fee

Tne renewal fee shall be U0.

E;clanate n Scre: Tne fee for renewal of certificaticn will be paid 2: de
ti e :ne .yplicarica for Renewal of Certifica:icn ;s st mitted. In addi:icn,

organi:2:icns eat spcnscr ccntinuin; educa:icn ccurses ray charge 2 registra:icntne scard will encourage :hese organi:aticns to establish
ree :or tae ccurses.
de registraticn fees a a reascnaa:' level. Pre fe rab i) , these fees shculd
cnly reidurse de spcascring cr;2nizatica for the e: censes incurred in the
administra:icn of the course.

VI. Acceals

Individuals shall have de righ: :o meet wid de Scard and appeal any decisicn
-ade b' de Scard da: affects their & rtifica:icn status.

7 f 1 ,
3,. ) n. L t a



AMERICAN BOARD OF HEALTH PHYSICS
Application Fut bneuni of Certi fication' '

INSI'RCCTICGS Application for-

1. T'me or print in block capitals. Initial Renewal

2. Subnit only one copy. Later (specify 2nd, 3rd)

3. If space is inadequate for any answer, Emeritus Status
- use extra sheet of paper and number

items to correspond with itecs as listed.
Date
of

1. Na:ne 2. Birth

(last) (first) (middle)
3. Ecce Adcress

4. Business A & ess

5. Send mail to: home address C Home Telephone Number

business address O (incl. area code)
Bus. Telephone Ntr.ber

6. Year of original certification by AEFP

7. ASHP/CEP-approved continuing education courses attended during current renewal period.

Course hhere Dates CEP Approval Cont. Ed.
Sconsor Title Offered From To Certificate No. Credits

a.

b.

c.

d.

e.

3. Other A.EMP-approved continuing educatica acti'.ities during current renewal period.

Dates Cent. Ed.
Descriotion of Activit. hhere Cffered Frca To Credits

3.

b.

O. ~r n ,m ,

3DL |\
d.

9.

Note: Do not submit application until a minir= of 15 ccntinuing education credits
have been earned 'ithin ycur current renewal period..



9. Academic Cecreas Attained: .

Years of
Institution Rtjor '.tinc r Full Ar. tend. IMeree Yer

a.

b.

c.

10. Additional education and training related to health physics (except as listed
in 7 and 9) since pu were certified or since last rene. val.

Dates
Institutien Title of Course Lencth of Course From To

a.

b.

c.
.

n. 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 positions with present employer in item 12.

Cate Augned to Position: Name of Employer: Place of Erroloyment: Name and Title of Im< mediate
Supervisor:

E sect Titte of Present Position:

Cescr:ption of work. Include major responsibilety and scecific fields

i

|

., q'

;(., i'h
v

Parcent of time in health physics work j
i

|
.

- -

1



.

12. Previous positicns held since you were certified or since last renewal. Start
cith :mst recent r-,ition r.d nurk bac': E-rhasice tho.sa pn tions of work that
are health physics or closely related. ET.ployer cay or may not be sar.e as in

item 11.

a

- q

Oaie of Employnwnt: .Name of Employer: Ptacs of Emprovment:

F rom: To:

EusCt titre of position:

CeZrection of Worlt. IrtClude r'9a;cr responsjhijity at d IGeCif.C fields

Percent of time in health physics work .

Cate of Employrnent: Name of Employer: Place of Employment:

From: To:

Exact titie of positico:

Cescripteon of Work. Include rnajor respons6bility and specific fields

!

I

i,

Percent of time in health physics work

362 J73
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13. Describe any other professional he.tlth physics activities, such as consulting,
in which you have ene.tg... in the ps: five years, or since your last renewal.

14. Current Professional and Technical Society Menbership:

Name of Organization Year Joined Type of Mertership Office Held

15. Srecial Achievements:

a. Citations or other awnrds:

b. Ccanittee Activities ( pst fice yers or since last renewal):

.

\1 '\



.

1G. Cecrtnication (within past five years or since last renewal);

a. Bocks and journal articles published

b. Technical papers read at meetings

c. Technical reports, mecranda or similar documents (include a srall
but represen:ative sample if possible).

d. Other speeches and lectures .mlated to health physics

362 175



.

17. Care:;Ories of Ccepetence:

Selact the cares;ories in *h- list below in which vou feel you are corpetent
at this time to functica as a Certifiad Health physicist. Rank these in the
or der of your proficiency (1 for your first choice, 2 for your second, etc. ).

Industrial Radiucraphic Installations Nuclear Fewer Reactors
"edical Fadiceraphic and Fluoroscopic Installations Nuclear Fuel Cycle Facilities
Radiotheracy Installaticrs Accelerators
Radionuclide Laboratories Radiological Engineering
Enviornmental ibnitoring Regulatory Progra.-s
Other (specify) Other (specify)

13. Professional References: name and address of at least two persons other than

your supervisor who are qualified to evaluate your hetlth physics ccmpetence.
If possible, at least one reference should be a Certified Health Physicist;
do not use a Board or Panel rnember as a reference. References will be consulted
only in exceptional cases where the Board needs additional inforation.

I certify that the state:ents above (including any attachnents I have subnitted
hereto) am, to the best of my knowledge, accurate, and I understand that any
falsification of infonntion in this application will be cause for rejection
of the application or withdrawal of a certification already made.

Signature (in ink)

19. Statement Concerning Pmfessional Responsibilities of Certified Health Physicists

In order to maintain his technical ccqetence, the Certified Health

Physicist has a ccranitment to rennin active in the field of health physics
and 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 " tith others, including clients, colleagues,

governmental agencies, and the general pub!ic shall always be based upcn
and reflect the hizhest standa-ds of pmfessional ethics and integ-ity The
Certified Health Physicist shall repmsent hi.self as an authority only in these
areas in which he has extensive experience and in which he is considered expert

bj his pears.

By -f signature, I verify that I am fulfilling the Professional
Resconsibilities of a Cer*ified Health physicist.

3. 2 1/6
r

6
Date: Sig.ature (in ink):

NJte: This acclicaticn is not cccolete unless ycu have si:; -d your ncme twice
Cc"e and have included a check, fcr the renewal of certification, nde
n' . to the American Board of Health 7hysics, in the a:ncunt of 320.00.

send to C. J. Roberts , r.IS-Bldg 10, Ar;;cnne Natl. Lab. , Ar;cnne, IL 60239



For Official Use.

APPLICATICu FOR AEMP-CEP COURSE APPROVAL Appl. |10.
Da,te Rec'd

1. Ir.s r>Moa :

2. Add.tas.s :

3. Pouett Respor:,s.ible: P|:ene ( )

4. Cou,ue Titte: 5. Course Da.te:

6. I.esttacto,1(s ) ( Attadt ,tesume(4 ) ) :

7. Cowue dw:1 tion (Leetu.te and Lab th:e), scJtedule and outside ptep requitemen.cs:

8. Cou,ue description o,t outline:

9. Texts /Suppt. Info:

10. Pteicquisti.te6 :

11. Relatiorts!tip to Healt|1 Pitysics

12. Certifico.te of couue completion .to be awa.tded: 'les Ho (CitcLe)

17. feltZfIcE4Toii: Ti:Zs iI 31 acc tZd 2eIc lpiZo if de. cFoiTe nEn fcou,EsE
- -

or prog, ~.m.

Sigr.a. tate
Name
Title

------------ -------.------------

- , - - - .t :11. Reque.sta

na.me Pitor.e ( )

Add,ies s

Puipose: Fa.t apptoval for only my attctdance
Fa. inclasic,1 with pub 4LcLcy foi ihls t'ral,wtg
Othbt spect 'u:

15. Szte by u.hidt approval is ,taqu.ited

. ( .n , -- 7
...



No.tss on Applic1Cion for Cowise Apptoval fa.: .

CredLe Towatds ASHP Contiimag Cettification

1. 0.tgant: Cion o.t uts eltation sponsetntg card /or oigan,4 ing uLs 4tain(ng.

2. Addtes s oJ de above .<xstiiation.

3. Individual knowledgeable in de de,t=LLs of de makeup of utLs educa-
tion (i.e., ute information asked for on 64s fo.tn) and w|to can be con-
taeted for fu,tues inform 0ian.

4. Futt LLtle, including subtLiles.

5. St:tting and ending detes. Repetitions ouet a too (2) yewt tbne
span may be spec <ified.

6. Individualls) ptesestling de staining. The resune shaute emphasiee
hLs qualifications .to ptesott &Ls cou sse as well as any releva>tt he1Lt|1
pitysics background. The insttuetor's involvement in ute design and pte-
pa?.ation of the cowtse should also be det:iled.

7. To.tal tbne thrs) and time ptesent= tion scheme (e.g., 8 hrs, pe,t day,
3 howts per day). Identify sepanately de numbeit af hours af La.bor= tory
or field exercises and owtside ptepanation expected to be perfa.tmed by
.the stude>tt.

8. As detalled as possible xit|t emphasis on relevance to Itealtit physies.
As a minimum include major subject ete=$ and be .telciive portion of
. tite course or sta. iring devoted to each a,1ca.

9. Also idcttify areas af requited supplemerial reading.

10. Batit wit |1 reg td to Ottty .to de course and tcLt|t regatd .to de sta-
dert backg.tound assumed bt tite design of ute cowtse. Specifically, is
tite cowtse designed fo.t expetienced he: List physicists?

11. Show itow .t| tis course relates to health physics if Lt is not obviou.s
bzsed on de course desetiption o.t how it is of pztticai=t value .to uzLs
applicant witere specific apptoval is being reques.ted.

I2. Please indicate if a petson Lized cettificate or some antet notice
of course completion or Zevel of petformc.nce shall be given .to ute s tu-
d ate o.t ettvidee,s. T| tis is stzongly encounaged as means of assLsting
de ASHP in its conti)mns cerlification revi2N ptocess.

13. Eg repteser2:Cive of organi::Cion identified in 1 if .teque.st Ls
atitet . titan f. tom an individual C.H.?.

14. T| tis is de indiviiual o ac|tou de apptoval :ill ce sert ualess

cue:w:is e indicated. Please .utdicate de reason f ca sub=Littig GLs
applic Cion.

15. PEzase allus at f. east six (3) czehs foi AEHP-CEP revicw.
bSend application s: Lester A. Slaback, Jr.

Ar:ed Forces Radiobi: logy Research Institute .q
W|"C - Building e2 'Ly L-
Cethesda, "O 20014

~



American Board Of Hea t:1P:1msics
~

J
CCNT;NUING ECUCATIC:N ANEL

Armed Forces Raciabiolcgy Research Institute
National Naval Medical Center - Bldg. 42

Bethesda, Maryland 20014

Education Approved for Credit Towards
A8HP 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 symposium in the
annual HPS conference for which approval has been separately granted.

4. Also not included is the approval for the 1977 IROA meeting.
Approval was granted for attendance at this Teeting on the same basis as
the HPS meetings and subject to the same 9 continuing education credits
limitation. See the 1978 ABHP newsl?tte. f ar additional details.

5. Assigned credit: are based on the information provided by the
applicant. Because of differences in detail orovided a direct ccmparison
of credits assigned cannot be made since the credits assigned a
particular course may not reflect the absolute maxicum achievable. This
also infers that an individual may be able 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 avoid unnecessary
duplicate applications.

',m . - t /? ,n .'
'

0" N '
,,.

LESTER A. SLAEACK, Jrf
Chairman

362 j79
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COUltSES APPlt0VED llY Tile CONTINUIt4G EDUCATI0li PANEL
*A

Ce r t i f ica t e fio . Title Sponsor / Location Date Assigned CEC

711-4 4 Preparation Course for the AB!!P Baltimore-Washington llealth 11 Jan-17 Hay 77 6

Certitication Examination Physics Society

A 7 ti-4 5 Preparat ion Canarse for the AlillP Baltimore-Washington liealth 11 Jan-17 May 78 4

Ce rt i t ica t ion Examination Physics Society

711-4 6 lanovations in Practical llealth North Carolina Chapter, ilPS 5 May 78 2

Physics Technology & Me thods Raleigh, NC

A 7t!-4 7 Applicat ions of th_ liability & Risk George Washington University 10-14 Apr 78 4
Analysis with Emphasis on Nuclear Wasliington, DC
'.' owe r P1unt3

78-4F 5th IntI Symposium on Packaging & Sandia Corp. 7-12 May 78 6
Transp of Itadioactive Wante Albuquerque, NM

18-49 Env i ronunent a l Protect ion Cri teria for EPA Waste Environmental Standards 3/30-4/1/78 1

1(aili oa c t i ve Waste Washington, DC

711 '30 hWit/PWat Itaduas t e U.S. Nuclear Regulatory Conunission 26-30 Jun 711 13
Washington, DC,j

3
N / ti '> l Not used

/h-52 Heili ca l Ma nagemen t o f Itailiat ion Yz.nkee Atomic Electric Co. & 13 Oct 78 4
--

.m
"7 Casualties Pe te r llent Brigham tiospital
~ ~ ~

Westborough, MA

7 ti 'i l lia s i c Ita.liological Defense Of ficer University of Lowell 1978-79 2

Course Lowe11, MA

73 's4 Fall Meeting Nuclear Power Alabama Chapt <r of the 11PS 13-14 Oct 78 2

Muscle Shoals, AL
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COURSES APPROVED IlY Tile CONTIllulNC EDUCATION P'.NEl.

AA

Cert Q cat ion No. Titie Sponsor /Locatia.n Dag Assigned CEC

19-1 Spring Seminar AAPH Southern California Chapter AAPH 23-25 Apr 79 2

1.oma Linda Uriversity llospital
Loma Linda, CA

79-2 Hot used

*19-3 Medical Oncology HEDI 604H Foundation for Advanced Education 2/5-5/25/79 2

in the Sciences, Inc., National
Institutes of Ilealth, lie the sd a , MD

19-4 Ite c e n t Developments in Applied llealth Physica Society 3-4 Feb 79 3

Ilealth Physics Itichland, WA

7 9 ') Short Course on !!adiation The University of Michigan 1-12 May 78 3

Protection Ann Arbor, MI

79-6 Microwaves Lase r & Ul t raviole t Hass. Institute of Technology 1978-79 9

liiophysical & liiological Ilasic Cambridge, HA Presentations
Applicalions & llazards in Medicine
and Indust:y

79-7 f onizing & Nonionizing Itadiation llealth Physics Society 2-6 Jul 79 10

c.s. in Heili c i ne Theory - Pract ice - Bethesda, MD

& Protection (Summer Presentation)
N

1 9 - 11 Application of Optical Instrumen- SPIE (IIRil So-sponsor) 25-27 Mar 79 In review
tation in Meilicine VII lle l l i ngh am , WA

-

m 79-9 Neut r ons for Electron Medical NBS, BRil 9-10 Apr 79 In review
Acceleratora

l' Approval is n eut rict ed to i ntli v i d u a l named on application only.
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Cir!'iI T!O 1 Or a at0::Tm port 0713 T!OW,no-NT

A Fadiatior. Protection Technologist is a person tega;ed in tre caerational

as;ects of ; ovidirg ractation protection. This individual is concerned witN
,

-

1 The tasic wnderstanding of the Techanisms of radiation ds a;e,f

2. The develo; tent and irplementation of retrods and procedures necessary
a

to evalwate hazards, and

3. P*ovidng ;rt tection to man aad his eavironment from u warranteda

radia tion es;osare.

HISTORY
.

M A T! 0MU. 8EGISTRY CF R10f aff 0N PQOTf 07t0.t TE0w*iOLO0l575
'

T*e Mational Registry of Radiation Protection Technologists (NPRPT) came

into esistance as a s all working ccmcittee, consisting of three Health Physics
The riam ,techniciaas selected by the Health Physics society Board of Of rectors.

of Pasit% 75fsics technicians were submitted by laboratories and industries from

across the United States.

The corsittee, under the direction of the Aaerican Board of Fealth Physics, cet
a

) in V.iami, Florida, in June,1973, and was appointed to s tudy and make recomrenda tions
]

to tee dealth Physics Society Board of Directors as to the desirability, feasibility,
i

and i ;1e entation of a Health Physics technician registry program.

From Knoxville, Tennessee, Octcher 1974, the committee re;:orted to the Ar e*f can

The coemitt. .as
5 5:ard of Fenith Physics the desirability of a registry program.

assig9ed the task of developing a proposed program to initiate the Registry.

Additioral Health Physics technician na*es were solicited from local chapters.

The tritial N*.?.PT 3 card o f Dire cars was selected.

The Scard (NRRPT) of Directors met Move .ter M,1975, in 4ckville, Maryland.

Officers of the tsard were elected, an examination panel selected, aad assigwents
litieswere made to develop 3y4a.s for the Registry and to explore the funding ;ossibi

@ eg i

1
-
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The Board et gain February 1976, in Oenver, Colorado, to complete t?e

registry program and .iopt the By-l.a s. This work was necessary prior to sMitting

da a; plication for incorpora tion. The NRR7T =45 incor; orated April 12, 1976, in

the Sta te of Tenressee.

The first examination was adminis tered in Noveete* of 1976.

EX0ERPTS FROM TM MSPT SY '.GS

ARi! OLE I M
The name of the organi.ation shall be the National Registry of Radiation

E otection Technologists, which hereina f te shall be designated the Regis try. An

ele:ted Soard of Directors will administer the registry program and will

hereiraf ter be designated the Board.

ARTICLE !! 03 R CT!YE 5

ine cbjectives of the Board shall be to develop standards and procedces for

i the registraticn o' Radiation Protection Technologists; to institute examinaticas

leading to registration; and to issue written proof of registration to individ als

who possess the required cualifications for registration.

ART'OLI III E0A:00FO!4Et M
The present membership of the Board is ten (13) and can te no greater than

t.elve (12), who shall, themselves, he registered Radiation Protection Tethnologists

\ or certified Health Physicists.

They shall act as individuals and not as representatives of any organt:stion.

The Board snall consist of not less than one (1) and rot more than t,.o (2)

persces proposed and recomr ended by the American Board of Health Physics. Other

cea. tees of the Registry ay te proposed and sponsored bf organizatic95 other tna'

the A erican Scard of Heal th Physics or as invited by tNe B:ard-

En E*3mina! Ion Papel Consisting o f Registered Rajia tun P*otectica Technoisgj g ts

tooointed by %?e 30ard Ort: ares, admiilstars, and geldes *he ritte9 elam19at On

with ass!staace from a orofessional examina tion se*vice and u der tSe gui0aace 191n

p Tg Dl3]PT(wj j j% M%lgish
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4;;re.al o f the 3 card.

P9270!!$ OF !WE 20a20

1. To evaluate the standards and advance the Grofession of a; plied Wealth

Physics by encouraging its stady and improving its practice.

2. To ent:urage and insist on the hig*est standarde of professional ethics

and integrity in the ov e rtice of radiati:n protection. .

3. To deter:ine the co petence of specialists in radiation protection and

to arrange control and cond ct irves ti;4ticas and examina tions, to tes t

the gaalifications of vcluntary candidates for registration by the Board,

4 Io grant and issse certificates in the (f eld of ap, lied Health Physics

to voluntary applicants and maintain a registry of those who qualify.

_it11NG OF REGIST:Ai!Offw

The Certificate of Registration indicates that its holder has co pleted certain

requirements of study and compe.tence which the Board ccasiders to constitate an

.

adequate foundation in Radiation Protection and has passed an exam designed to
i

I test the individual's knowledge in this field.
!

; It ^ould te recognized that the Certificate o' Registration by the Board is

not a license and, therefore, does not ccnfer a legal qualification to practice

Feal t., Physics.

NO2PT - C00E OF E79!!5

In achieving registration, the Registered Radiation Protection Tectrologist

recogniaes and assses responsibilites dae .'e ;rofession of radiati:n pacte:tien.

In order to maintain their tec'eical c00:* ence. the Regis tered Tec56clogist,

while active in the fleid of radiation prote:t :n. has a cwmitrent to aintainr

their technical ccr:eteace. This shall be act:"Olished by "e aining act.ai9 ted

witn scientific, technical, and regulatory cevelo; .ent in their field-

Ir order to u0 hold t'e integ'it/ Gf ** Orofessicn 3I radiation OrSteCIiON

i . e o , .,is ,esiste,. : ei, ,ela uo,s - - e s. - - ,=e ~ .

b
.
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colleag.es, governmental agencies, and the general puolic shall be taaed upon and

reflect the highest standards of professional ethics and cond ct

Registration may be revoked for action cons ered by the Board ta Se in

viola tion of these " Code 6f Ethics.' Any pers rer .hom such action is contemplated

shall have the right of appearance before the Board.

M TIO':AL 2E015TRY OF 210!AT!01720TECT10's TEZOLOO;ST PLOS:n
~

24fFACE

The Certificate of Registration ce-tifies that its holder has-eet the general

require. ents and passed a cultiple choics examination to test c:rpetence in

funda ental concepts required as a Radiation pratte.tico Ter.hnolo g i s t . A

registered Radiation Protection Technolo;ist sball be of good cora' character and

shall have et all the require ents listed herein.

1. Requiremaats fer Re1ist ation

A. fducation
e The applicant shall have a high schcol diplor.a o etuival'-t In

addition, the applicant must sub. nit to the Board evidence of c:erational

ab 'ities as a Radiation Protection Techeologist

S. Ali
Minimum age at tire of application shall be 21 years.

C. Er art e ce

An applicant eus t have a :-inimum o f five (5) years experf eice.

Trainin g taj te s tstit.ted for expe-f e-ce i f the a:Plic.nt will sut-it to

the Board information about the p-ogran and proo f o f co pletion. This

inf3rration should incIwde C|.friculum, typical era 9tnations, ard passing

' requir?eeats for radiation protection related suo;ects.

B ;y&,4
9 g ' CY

N fy ifA|ilJM
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Trainin: Proerim Ex:erience credit

four jears - ES. Radiation Protection Technology 2 %srs

1 o years - Radiation Protection Technology 1 year

Cne year - Radiation Protection Techroio;y 1/2 year

Company Training Program 1/2 year

* Mili tary Training

Eiser'ence credit allowed for training prog-ams is accoulative up to a

r.axt:ne o f two (2) years. An applicant may not claim work experience =5fle

in forral classroom study.

' Military training programs will be evaluated by the Board on an

i indiviLal basis up to a maximum of 1 year.

3. Other tecuirements

At the time of appitcation, an applicant wst te engaged in radiation

protection a substantial portion of the t'me.

E. *samiastion

Upcn investigation of the applicant and a:;roval by the Board, tre

applicant will be given permission to take the National written esas.

The '4ational exat, will consist of a '50 question, brand base multiple

choice esamiration in radiation protection. (1) fundamentals, (2) measure ents,

and (3) applied operatforal concept , with a four hour time limit.

!!. A coli ca tico s

Applicaticns aaf be submitted individ. ally or as a ereu; by a Cer:any or

Fac il i ty. Group a;plications %st provide a completed a; plication f:rm fe r

each individual . ko ever, only cee c:py of the Ccn:any's er F?tility's Training

Program need te enclosed if es;e*ierce credit is desired for individi,al a;olicants

.i thin the group. Group applicatians must provice individ.41 inferra ticn as

required ty' a single applicant as follo.s:

.f g qjg g r[&ls h
i

.

h1
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1. Name

2. adttess

3. Age

4. Training programs ::tpleted
.

5. Emperience

5. Present assignment

7. Supervisor's signature

!!!. 0:eraticaal Knowled:e
of the Scard's applicant " screening" will be the investigation

A cajor pr
The

of fleid campetence and ability to perf:rm radiation protection ork.
.

screening includes exanination of the appif cant's work history, institutional
and/or in. plant training programs completed, and an interview of persons

'

knowledgeable of the applicant's abilitia'
hould include detailed inf:r-a ticaTo f acilitate this review, the appt w

regarding the following:
Carpanies worked for, positions held and res;onsibilities nile in1.

these positions,

Information regarding training programs completed; if ;ossitle, include2.

coarse outlines, typical examinations and passin2 require ents.

Names of sv;ervisors and knomiedgeable persons whom the Scard may3.
to furtker establish c:moetence of the a;plicant.interview

IV. Natier:1 Eustications
National exa:nf rations shall be adtinistered and ccntrolled by ar esamination

A.
The ex;staations shall te proct:res by

;anel appointed by the Seard.
P sfcist,

Registered Radiation P~atection Technol; gists, Certi fied Heal th
The examirations .ill

or other knc.ledgeable person a? proved by the Board.
f5e

te givei ence Or twice eacM year as ce ard and cacas tity Jf;ta:e.
1eg to kee;

f reuency and locations will te jetermined ty the 3 card at *-::
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The examination feeexam sites as close as possible to the appifcants.

will be determined annually by th3 Board. Permits are required for ent*y

into the examination rcom. No reference material, including programable
-

calcula tors or Health Physics slide rules, rJy be brought f ato the room.

S. Re.erazination

A candidate who fails the first examination may be admitted for a second .

examination a f ter one year and payment of a reduced re-examination fee.

If a candio.'e does not appear 'er re.exaif nation within two years, he must

submit A new applicatien and full fees.

C. Gradi n and Passinq teoufretents
TheThe 2rading and passing requirements will be determined by the Board.

! card's actions on any applicant's examination will be final . R equir emen ts

for registration may be changd by the P-oard without notice. Changes will

not be retroactive.

C WrGE IN RE7M9EMENT

Carrent requirements and procedures of the NRRPT are described in this

brochure. These are subject to change withcut s'otice; however, changes

will be published before their effective date whenever practical. Changes

will not be retroactive.

00 tESMNCENCE

All correspondecce to the NRAPT should be sent to:

.[

t
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Report on

A=erican Board of Health Physics

Er -ination Program

196S - 1975

.

Backrround - ::ature of Program

In the Spring of 1968, the Panel of Examiners, American Board of

Health Physics (A3HP), 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 (PEG) developed a multiple-

choice exa=ination for use in certifying health physicists. This contract

was supported by the National Center for Radiological Health as a part of

the Center's responsibility in assuring that those indis duals that carry

out radiation protection activities are adequately qualified. This was

the first time the A2HP used cultiple-choice questions in its qualifying

examination which previously consisted entirely cf essay questions, pre-

sented in two :arrs. The decision of the Panel of Examiners to use an

objective, multiple choice test was based upon the difficulty and unrelia-

bility of scoring essay examinations and the cu=bersome and time-consuming

procedures required. The Panel felt, however, that the essay for= of

examination should be retained, at least in p art , to enable candidates to

identify the specific steps followel in answering tae questiens. It was

therefore decided that Part I, the multiple-choice part of the test, would

cover the fundamentals of health physics and represent a general bocy of

informational knowledge, and iart II, the essay test would involve = ore

speciali:el problers in health physics.
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Exam.ination Develoccent_

The first meeting of the A3HP Panel of Examiners and the staf f of

the Prof essional Examination Servic e was held on February 20 and 21,1968.

The task of the Panel was to prepare arc cu: lice the subjec:-matter areas
.

to be included in Part I of the Written Examination and to select appropriate

test questions from the PES file of questions in radiological health. It

was decided that 150 test questions would ;-ret effectively satisfy the

limitations of ti=e and the demands of adequato ec u erag e . The Part I

Written Examination developed consisted of qu6stions assigned to the

following areas:

Content Area Nucher of Cuestions

I. Fundamentals 50

II. Measurecent 20
'

III. Occupational Health
Physics Problems 25

IV. Non-occupational Health
Physics Proble=s 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; (c) a subscore based on the 30 questions in See: ion

II; (d) a subscore based on the 70 questions in Section III, IV, and 7

conbined.

A canual of instructions was prepared to guide proctors in

administerit; the test.

The first exacination was administered on Ju; 2 17, 1963 to 6S

candidates cualified'for regular certification by the A3EP and to 15 candidates

cualified under an associate progran for persons lacking the experience re-

quire =ent for regular certification.
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Itca Develoorent

The XsHP established its own bank of exanination questions which

has been expanded by periodically soliciting new questions frco health

physicists previously certified by the Board. Question writers are provided

with instructions describing the kinds of questions used in the examination.

The new q'testions are screened and classified by subj ect-matter consultants

and by test specialists on the PES staff to ensure content accuracy and

relevancy and conformance and psychometric principles. They are then sent

to panels of three experts in the field for independent subject-matter review.

The reviewers' coc=ents are used by the subject-catter 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 Examiners select

questions for inclusion in each revision af the test.

Since the beginning of the ASHP progras in 1963, 65 health physicists

have contributed sc=e 400 questions for the examination and these questions

have been reviewed by 36 certified specialists in the field.

On-Go in: Examination Develocment

To assist the ABHP in up~iating and maintaining the initial exa=ination,

Federal funding continued through 1971. This support provided for the analysis

cf the test resul~ .; a correlation study between scores en Part I, the

multiple-choic e exa=ination, and Part II, the essay exa=ination, administered

in 195S; solicitation of new questions 2nd the establishment of the Board's

aun bank of questions; revision of the examination, and the ad=inistration

o f the e:c2=inations. Over the four-year period, (1963-1971) governcent

contracts eere awarded PES totaling $29,073.00 for the develop =ent of ASE?

i
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cramination materials as follows:

1963 $ 4,913.00 (PH 128-63-1)

1969 8,355.00 (CPE-R-69-17)

1970 3,000.00 (CP E-R-70,0013)

*

l971 7,S00.00 (63-05-0002)

Since 1971, the ASPH Part I-Written Examination progra= has been

supported by the Board and voluntary subscriptions from certified health

physicists. The examination is reviewed annually by members of the Panel of

Examiners to maintain the quality and relevance of the Examination, and insure

that it covers up-to-date concepts. Revisions are made in the exa=ination by

rewording questions or replacing questions on the basis of subject-catter

considerations and in conjunction with item analyses. The examination

subject-matter cutline was revised in 1973 to reflect more accuiately the

actual test content, and presently has the following content distribution:

Area :: umber of Ouestions

Fundamentals 50

Measurement 30

Operational Health Physics 70

Examination Scores

The candidates' carked answer sheets are scored by PES and a report

of 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 and

for each of the three subtests, (2) statistical data based on the grcup of

cancidates tested, and additional interpretive infor:2 tion to help the Board

evaluate the candidates' performance, including a co=parison o f the results

of ne test frca year to year and co=parisor of the difficulty level of the

.
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su': tests and total test be: Jeen each of the y 42:3 that the e::arination has

been acministered.

Exar.ination L'sa2e

The ex.1=ination has been administered to c tac 21 of 115 candida:es -

from 1963 through 1974

.

4
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Aracrican Board of IIcalth Phyoico

'

llaximum Range of Standard Averar,c Average
Raw Scoreo Rau Scores Devintions Raw Scores _ Percent Scoren

66 Candidaten - 1974 -

Total 150 48 - 128 18.86 94.03 62.69
Fundamentalo 50 14 - 47 7.85 32.88 65.76
!!caaurement 30 6- 27 4.70 17.74 59.14
operational IIcalta Ph i* ca 70 19 - 63 8.84 43.41 62.01

,,

.

rJ
34 Candidates - 1973

Total 150 46 - 130 18.94 97.18 64.78 e !

rundamentain 50 20 - 45 6.66 34.44 66.88 ''

R
ttca nur emen t 30 9- 27 4.73 19.71 65.69

.

Operat ional IIcalth Physico 70 16 - 60 9.33 43.03 61.47

_78 Candidaten - 1972_

Total 150 45 - 125 18.00 87.47 58.32
Fundamentala 50 8- 42 7.33 29.01 58.03
!!ca s uremen t 30 7- 28 4.67 17.82 59.40
Probicma and Admin. 70 20 - 60 8.51 40.64 53.06

45 Candidaten - 1971 ,

Total 150 51 - 125 18.23 87.36 58.24
Fundamentalo 50 17 - 44 7.13 30.13 60.27
lica s ur emen t 30 9- 27 4.85 17.73 59.11
Problems and Admin. 70 20 - 60 9.19 39.49 56.41

74 Candidaten - 1970

Total 150 40 - 129 17.23 96.28 64.09
-

Fundamentals 50 13 - 46 6.94 33.76 67.52

Ifeasurement 30 7- 28 4.32 18.68 62.27

I'roblemn and Admin. 70 9- 59 8.58 43.85 62.64,

.

.
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Profcasional Examination Service
American Board of IIcalth Phyoica

tiaximum Range of Standard Average Average

Itau Scores Raw Scoren Deviations Raw Scores Percent Scorep

63 Candidateo - 1969 ,

Total 150 50 - 128 10.18 96.81 6/. 54

Fundamentain 50 15 - 46 7.12 33,76 67.52

- !!easuiement 30 9- 28 4.43 18.68 62.27

Problema and Admin. 70 10 - 60 9.10 44.37 63.30

67 Candidates - 19611

Total 150 55 - 137 16.13 103.55 69.03

Iandamentalo 50 20 - 48 5.91 37.69 75.38

30 9- 29 4.00 21.85 72.83
Iteasurement
Problemo and Admin. 70 14 - 62 8.03 44.01 62.87
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