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Secretary of the Commi

UsS. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Docketing and Service Branch

Re: Proposed Revision 2 to Regulatory Guide 1.8 Personnel Selection
and Training

Dear Sir:

The following comments are submitted by the American Board of Health
Physics:

The proposed revision to Regulatory Guide 1.8 is a complement to the
present ABHP program; however, to specify where the Radiation Protection
Manager should be located seems to be unnecessarily limiting. The ABHP
recognizes and appreciates the importance of having the best available
individuals on the "applied” end, but the Board feels that should be
encouraged in more general wsays.

Otherwise the American Board of Health Physics would like to support
the Proposed Revision 2 to Regulatory Guide 1.8 Personnel Selection
and Training.

After thorough deliberations over several years, the American Board of
Health Physics has decided to offer specialty certification in power
reactor health physics in addition to the presently offered compre-
hensive health physics certification.

A summary of the Board's deliberations was presented in the April 1978
Newsletter to certified health physicists (Enclosure 1). The responses
from certified health physicists regarding the propesal to offer specialty
certification in power reactor health physics were almost exclusively
favorable.

The Board does not intend to offer specialty certification in other
areas of health physics at present. The Board feels that specialty
certification will only be considered when there is a genuine need in a
3iven specialty area which cannot be adequately met by the present com-
prehensive health physics certification prceram. It is also the Becard's
intent not to take any act.on in the speci. v certification area that
would have an adverse effect on the present comprehensive health physics
certification program.

It is the Board's position that comprehensive health physics cerrifi-

cation signifies professional competence in the areas in which an indiv-
idual is experienced; thus, in the power reactor health physics area and
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any possible future specialty areas, an individual with comprehensive
health physics certification will automatically be eligible for the
specialty certification if the individual has the requisite experience.

As discussed previously, the American Board of Health Physics has
decided to offer specialty certification in power reactor health physics.
The Board made this decision for the following reasons:

A. Power reactor health physics represents a significant number of
professionals. Presently, there are about 50 radiation protec-
tion managers (RPM) at power plants and about 125 additional
health physics professionals within the utility industry. In
addition, significant numbers of people in architect/engineering
firms, consulting firms, and regulatory groups are involved full
time in power reactor health physics.

B. Because the number of nuclear power plants is expected to increase
significantly, the number of professionals needed in this area will
also increase. Paul Ziemer, in a study of future personnel needs
(Health Physics Society Newsletter, March 1976 (Enclosure 2),
predicts that 274 health physics professionals will be needed in
the power reactor area by 1980 and 784 by 1990. A reprint from
Health Physics, November 1978, entitled "Health Physics Manpower
in the Atomic Energy Field,” 1968-2000 is also enclosed (Enclosure 3).

Ce A limited number of individuals have the special qualifications
required for these professional positions. As the need increases,
it will become more important to insure that these critical posi-
tions are filled by persons with demonstrated capability in power
reactor health physics. The specialty certification offers one
mechanism for providing this assurance.

D. The importance of power reactors as a source of occupational
radiation dose is evidenced by the trend of increasing person-rem
per reactor. The need for competent people to minimize exposure
from this source is apparent.

E. The public has shown less than complete confidence in the radia-
tion safety of the nuclear power industry. Tt is important that
persons dealing with the public be knowledgeable and be recog=
nized professionals in order to gain the confidence of the public.

F. The Nuclear Regulatory Commission has indicated that it has under
consideration a requirement for further documentation of capability
for individuals who are designated to radiation protection manager
(RPM) positions.

G. While the broad knowledge implied by a comprehensive health
physics certification is desirable, it is not required for adequate
functioning as a RPM in a nuclear power plant. The specialty
certification will be of more obvious and direct relevance.
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H. An individual with comprehensive health physics certification
does not necessarily have the special qualifications and knowledge
required by a nuclear power plant RPM without receiving further
training and experience. The specialty certified HP will neces-
sarily have these prerequisites.

I. Requiring that all RPMs hold comprehensive health physics certi-
fication and also have training and experience in auclear power
plant health physics is unrealistic in view of the current and
expected near-term availability of such personnel.

The Board realizes that offering specialty certification presents some
possible problems. In the past, it decided against specialty certification
for various reasons, some of which are listed as follows:

A. The specialty certification being considered was in a fringe area
between health physics and other technical specialties and the
Board felt that other credentialing groups were better suited to
handle these situations.

B. There is great difficulty and effort in preparing, giving, and
grading different examinations for various groups.

C. The Board is concerned about adversely affecting the value and

meaning of the present comprehensive health physics certification
program.

D. Resources and Cost.

The above considerations notwithstanding, the Board concluded that the
potential benefits and contributions to the health physics profession
and the health physics certification program would outweigh the problems
which the offering of specialtv certification in power reactor health

might create.

By granting comprehensive health physics certification, the Board
recognizes the professional with a broad, general knowledge in many
areas of health physics. With specialty certification in power reactor
health physics, the Boara will recognize the professional who has detailed
knowledge of power reactor health physics. However, any specialty
certification will require knowledge of all health physics fundamentals.
The Board hopes that if specialty certification becomes available in a
given area, certified health physicists working in that area will seek
specialty certification. Conversely, the Board hopes that health
physicists with onlv a specialty certification will broaden their areas
of knowledge, and seek comprehensive certification.

Also enclosed is a copy of the ABHP November 1978 newsletter which
details the "Power Reactor Health Physics Certification Program”
(Enclosure 4).

The Board would also like to submit the following information and
documentation to the NRC dealing with the current ABHP certification




program.

(1)

(2)
3)

(4)
(3)

(6)
(7)

The
and

Complete set of application and hando: : materials required of
prospective candidates in order to quality for the ABHP
Certification Examination.

American Board of Health Physics Item Classification Scheme.

ABHP Examination Preparation Guide, 1979, with addendum for
Power Reactor Health Physics Specialty Examination.

American Board of Health Physics Board and Panel Members.

Draft copy of proposed American Board of Health Physics Brochure
(including the Power Reactor Health Physics Specialty).

The ABHP Continuing Certification Program.

Paper entitled "An Inside View of the American Board of Health
Physics Programs Report on ABHP Examination Program Part 1 1968-
1975," Michael S. Terpilak, Health Physics Society Meeting,

July 16, 1975, Buffalo, New York.

Board certainly hopes that these comments will be useful to the NRC
appreciates the opportunity to comment on this proposal.

Michael S. Terpilak
Chairman, ABHP
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Report oz

Anerican Board of Health Physics
Examination Progran

1568 - 1975

Background - Nature ol Progranm

In :he Spring of 1968, the Panel of Examiners, American Board of
Health Physics (ABHP), under Contract No. PH 128-58-1 with the U. S. Public
Health Service, Department of Health, Education, and Welfare, in coopera=
tion with the Professional Examination Service (PES) developed a rultiple=-
choice examination 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 individuals that carry
out radiation protection activities are adequately qualified. This was
the first time the ABHP used multiple-choice qﬁestions in its qualifying
examination which previously consisted entirely of essay questions, pre-
sented in two parts. The decision of the Panel of Examiners to use an
objective, multiple-choice test was Sased upon the difficulty and unrelia-
bility of scoring essay examinations and the cumbersome and time~-consuming
procedures required. The Panel felt, however, that the essay form of
exanination should be retained, at least in part, to enable candidates to
identify the specific steps followed in answering the questions. It was
therefore decided that Part I, the rultiple-choice part of the test, would
cover the fundamentals of health physics and represent a general body of

informational knowledge, and Part II, the essay test would involve more

specialized problems in health physics.




Examination Developnent

The first meeting of the ABUP Panel of Examiners and the staff of -

the Profession2l Examinacion Service was held on February 20 and 21, 1968.
The task of the Panel was to prepare and outline the subject-matter areas

to be included in Part I of the Written Examination and to select app:opriat;.
test questions from the PES file of questions in radiological health. It

was decided that 150 test questions would most effectively satisfy the
limitations of time and the demands of adequate coverage. The Part I

Written Examination developed consisted of questions assigned to the
following areas:

Content Area Number of Questions

Fundamentals 50
feasurement 30
Occupational Health
Physics Problenms 25
Non=-occupational Health
Physics Problems 25
V. Health Physics Administration 20

The examination was so constructed that four scores could be obtained:

(a) a total score based on 150 questions; (b) a subscore based on the 50

questions in Section I; (c) 2 subscore based on the 30 questions in Section

combined.
A manual of instructions was prepared to guide proctors in
' adrinistering the test.

II; (d) a subscore based on the 70 questions in Sectiom III, 1V, and V¥
The first examination was administered on June 17, 1968 to 68

candidz tes qualified for regular certification by the ABHP and to 15 candidates
qualified under an associate program for persons lacking the experience re-

quirement for regular certification. ;';')




Itcn Development

The ABHP established its own bank of examination questions which
has been expanded by periodically soliciting new questions from health
physicists previously certified by the Board. Question writers are provided
with instructions desscribing the kiands of questions used in the examination.
The naw questions are screened and classified by sudject-matter consultants
and by test specialists on the PES staff to ensure conteat accuracy and
relevancy and conformance and psychometric principles. They are then seant
to panels of three experts in the field for independent subject-matter review.
The reviawers' comments are used by the subject-matter consultants and test
editors in the final review of each question. The questions are then sub-
mitted to the Panel of Examiners for finmal approval. Acceptable questions
are included in the ABHP file from which the Panel of Examiner;.select
quastions for inclusion in each revision of the test.

Since the beginning of the ABHP prograam in 1968, 65 health physicists

have contributed some 400 questions for the examination and these questioms

have been reviewed by 36 certified specialists in the field.

On-Coing Examination Davelopment

To assist the ABHP in up-dating and maintaining the initial examination,
Federal funding continued through 1971. This support provided for the analysis
of the test results; a correlaticn study between scores on Part I, the
multiple-choice examination, and Part II, the essay examination, administered
in 1968; solicitation of new questions and the establishment of the Board's
own bank of questions; revision of the examination, and the administration
of the exanminations. Over the four-year period, (?968-1971) goveranment

contracts were awarded PES totaling $29,073.00 for the development of ABHP



examination materials as follows:

1968 $ 4,918.00 (Pu 128-63-1)
1969 8,355.00 (CPE-R-69-17)
1970 8,000.00 (CPE-R-70,0018)
1971 7,800.00 (68-05-0002)

Since 1971, the ABPH Part I-Written Examiration program has been
supported by the Board and voluntary subscriptions from certified health
physicists. The examination is reviewed annually by members of the Panel of

waminers to maintain the quality and relevance of the Exaamination, and insure
that it covers up-to-date concepts. Revisions are wmade in the examination by
rewording questions or replacing questions on che basis of subject-matter
considerations and in conjunction with item analyses. The examination
subject-métter outline was revised in 1973 to reflect more accurately the

actual test content, and presently has the following content distribution:

Area Number of Questions
Fundamentals 50
Measuremen* 30
Operational Health Physics 70

Examination Scores

The candidates' marked answer sheets are scored by PES and a report
of the results is forwarded to the Board. The score reports 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 group of
candidates tested, and additional interpretive information to help the Board
evaluate the candidates' performance, including a comparison of the results
of the test from year to year and comparison of the difficulty level of the

. A

/
\ L



..:’-0

subtests and total test between each of the years that the examination has

been administered.

Examination Usage

The examination has been administered to a total of 445 candidates

from 1968 through 1974.
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66 Candidates - 1974

Total

Fundamentals

HMeasurcment

Operational Health Physics

34 Candidates - 1973

Total

Fundamentals

Measuwremsnt .
Operational Health Physice

78 Candidates - 1972

Total

rundamentals
Measurcment
Problems and Admin.

45 Candidates - 1971

Total

Fundamentals
Mecasurement
Problems and Admin.

74 Candidates - 1970

Tutnl
furdamentals
Heasurement

Problems and Admin.

Professional Examinatiorn Service
Amecrican Board of Hecalth Physics

Maximum

Raw Scorea

150
50
30
70

150
50
30
70

150
50
30
70

150
50
30
70

150
50
30
70

Range of
Raw Scores

48
14

19

46
20

16

51
17

20

40
13

128
47
27
63

130
45
27

125
42
28
60

125
L4
27
60

129
46
28
59

Standard

Deviations

18 86
7.85
4.70
8.84

18.00
7,33
4,67
8.51

18.23
7.13
4.85
9.19

17.23
6.94
4.32
8.58

Average

Raw Scores

94.03
32,88
17.74
43,41

97.18
34,44
19.71
43.03

87.47
29.01
17.82
40.64

87.36
30.13
17.73
39.49

96.28
33.76
18.68
43,85

Average
Percent Scores

62.69
65.76
59.14
62.01

64.78
66.88
65.69
61.47

58.32
58.03
59.40
58.06

58.24
60.27
59.11
56.41

64.09
67,52
62,27
62,€4
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63 Candidates - 1969

Total
Fundamentals

Measurement

Problems and Admin,

67 Candidates - 1968

Total

Fundamentals
Mcasurement
Problems and Admin,

Profcosional Examination Service
Arerican Board of Health Phyeics

Maximum

Raw Scores

150
50
30
70

150
50
30
70

Range of

50
15

10

55
20

14

Raw Scores

128

28
60

137
48
29
62

Standard
Deviations

18.18
7.12
4.43
9.10

16.13
5.91
4.00
8.03

Average
Raw Scores

96.81
33.76
18.68
44,37

103.55
37.69
21.85
44,01

Average
Percent Scores

64,54
67.52
62,27
63.30

69.03
75,38
72.83
62.87



American Board Of Health Physics

CONTINUING EDUCATION PANEL
Armed Forces Radiobiology Research Institute

National Naval Medical Center - B81dg. 42
Bethesda, Maryland 20014

Education Approved for Credit Towards
ABHP Certification Renewal

1. The attached list includes a1l 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 IRPA meeting.
Approval was granted for attendance at this meeting on the same basis as
the HPS meetings and subject to the same 8 continuing education credits
limitation. See the 1978 ABHP newsletters for additiona) details.

5. Assigned credits are based on the information provided by the
apolicant. Because of differences in deilail provided a direct comparison
of credits assigned cannot be made since the credits assigned a
particular course may not reflect the absolute maximum achievable. This
also infers that an individual may be able to obtain more credit for a
particular course by submitting a more detailed application after
attending the course (but within the 90 day ruie). 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.
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LESTER A, SLABACK, Jr:
Chairman



Certificate No.

SR

18-1

78-2

78-3

8

4

718-5

718-6

18-1

78-8

78-9

/8-10

COURSES APPROVED BY THE CONTINUING EDUCATION PANEL

Title

Short Course on Radiation Protection

Health Physics Certification Course
Current ALARA/ALAP Concepts in
Radiation Protection

Planning for Nuclear Emergencies

Enviromnmental Radiation Surveillance

Basic Radiation Protection

Recent Advances in Health Physics
Instrumentation

Short Course in Basic Health Physics
Effluent & Enviromnmental Radiation
Surveillance

Radiatiorn Safety for Industrial
Radiographers

AR
Assigned CEC

Sponsor/Location Date
Institute of Envirommental and 1-12 May 78 3
Industrial Health, Univ of Mich
Ann Arbor, MI
Georgia Institute of Technology 29 May-9 Jun 78 SR
Atlanta, GA
Brookhaven National Laboratory 17 May 78 4
Upton, NY
Harvard School of Public Health 6-12 May 78 SR
Boston, MA
Harvard School of Public Health 5-9 Jun 78 SR
Boston, MA
Harvard School of Public Health 3-7 Apr 78 3
Boston, MA 11-15 Sep 78
Los Alamos Scientific Laboratory 7 Apr 78 1
Los Alamos, NM
Louisiana State University 11-15 Dec 78 |
Baton Rouge, LA
American Society for Testing & 9-14 Jul 78 3
Materials, Philadelphia, PA
U.S. Nuclear Regulatory Commission 12-15-77,3-7-78 3

Washington, D. C.

Approval is restricted to individual named on application only.
Ihe above credits are based on the assumption of full participation in all aspects of the program as represented in
the application to the CEP/ABHP unless otherwise stated on the approval certificate.
requires separate application to the CEP.
Satisties continuing education requirements for certification renewal.

3-22-78, 4-4-78
4-6-78

Any other type of participation



Certificate No.

78-11

718-12

78-13

18-14

*78-15

*78-16

18-17

/8-18

*78-19

718-20

18-21

o *

.
COURSES APPROVED BY TiE CONTINUING EDUCATION PANEL

Title

Summer School on Radiation Protec-
tion Dosimetry

Satety Controls in Reactor Operations

Sigma Xi Lecture

Radiological Engineering

Nucliear Engineering Seminar

Biomagnetic Effects Workshop

Annual Conference Meeting

Symposium of Short Courses in the
State of the Art of the Health
Physics

Seminar for Industrial Radiographers
to Discuss Radiation Safety & NRC

Requircments

Workshop on TLD

Primary Management of Radiation
Injury

Sponsor/Location

Health Fhysics Society

Rensselaer Polytechnic Institute
Troy, NY

Rensselaer Polytechnic Institute
Troy, NY

Rensseclaer Polytechnic Institute
Troy, NY

Rensselaer Polytechnic Institute
Troy, NY

Lawrence Berkeley Laboratory
Berkeley, CA

National Couference of Radiation
Control Program Directors
Little Rock, AR

Delaware Valley Health Physics
Society Chapter, et al
Philadelphia, PA

Region V, USNRC, Walnut Creek, CA

East Tennessee Chapter, HPS
Oak Ridge, TN

Radiation Management Corp.
Philadelphia, PA

Approval is restricted to individual named on application only.

Date

26-30 Jun 78

Annually Spring-
Semester 78-79

4 Apr 78

Annually Fall
Semester 77-78-79

Yearly, Fall &
Spring Semester
1977-78

6-7 Apr 78

19-23 Jun 77

12 May 78

6 Apr 78

27 Apr 78

11 Apr 78

SR

&R

Y *k
Anog‘ned CEC
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Certificate No.

18-22

18-23

78-24

78-25

78-26

8-27

78-28

18-29

78-1%0

78-31

COURSES APPROVED
Title

On-Line Sample Analysis by Gamma
Spectrometry

Review of ICRP 26-Recommendations
of the International Commission on
Commission on Radiation Protection

Radioactive Waste Disposal Classi-
fications

Transportation of Radioactive Mate-
rials - A. Review of Curvent
Regulations

Transportation of Radioactive Mate-
rials - B. lazard Assessments in
Urban Environments

Current Status of Personnel Dosimetry

Radiation Surveillance

Radiation Shielding Course

Laser/Microwave Hazards Course

Personnel Monitoring

BY THE CONTINUING EDUCATION PANEL

Sponsor/Location

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Continuing Education Courses
at Annual HPS Meeting
Minneapolis, MN

Harvard School of Public Health

Boston, MA

Fortland General Electric Co.
Portland, OR

Health Physics Society, Northern

California, Livermore, CA

Greater New York Chapter HPS
Columbia Univ., New York, NY

Approval is restricted to individual named on application only.

Date

20-23

20-23

20-23

20-23

20-23

20-23

13-12

15-19

Jun

Jun

Jun

Jun

lun

Jun

Jun

May

22 Mar 78

28 Mar 78

78

78

78

78

8

8

78

18

Assi‘ned CEC
i

See 78-5

LEd



Certificate No.

/18-32

78-33

18-34

78-135

718-36

78-37

78-38

~78-39

718-40

A18-41

18-42

AjB-43

COURSES APPROVED BY THE CONTINUING EDUCATION PANEL

Title
Health Physics & Radiation
Protection
Orientation Course in Regulatory
Practices & Procedures
Inspection Procedures
Course in Medical Use of Radio-
nuclides for State Regulatory

Personnel

Seminar On Calibration of
Teletherapy Machines

Course in Safety Aspects of
Industrial Radiography

Gas & 011 Well Logging for State
Regulatory Personnel

Envir. Radiation - Sources and
Mecasurement Techniques

The Teaching of Medical Physics
PWR Fundamentals
Confevence of Radiation Control

Program Directors

BWR Fundamentals

Sponsor/Location Date

Nuclear Regulatory Commission/Oak 77-78
Ridge Assoicated Universities
Oak Ridge, TN

Nuclear Regulatory Commission 77-18
Bethesda, MD

NRC, Region I11 77-18
NRC, Baylor College of Medicine 77-178
The Methodist Hospital

NRZ, Univ. of Texas System Cancer 77-78
Center, Houston, TX

NRC, Louisiana State University 17-18
NRC, Schlumberger Well Services 717-78
Hlouston, TX

Greater New York Chapter, HPS 16 May 78

AAPM Summer School Course for 78 23-29 Jul 78

Univ of California, Los Angeles, CA

U.S.N.R.C. 17-21 Apr 78
Washington, DC

NRC, BRH, State of Pa., etc. 1-4 May 78
Harrisburg, PA

U.S.N.R.C. 9-13 Jan 78

Washington, DC

Approval is restricted to individual named on application only,

*k
égailned CEC
8



Certificate No.

18-44

®78-45

18-46

x78-417

718-48

18-49

78-50

718-51

718-52

78-53

18-54

COURSES APPROVED BY THE CONTINUING EDUCATION PANEL

Iille

Preparation Course for the ABHP
Certification Examination

Preparation Course for the ABHP
Certification Examination

Innovations in Practical Health
Physics Technology & Methods

Applications of Reliability & Risk
Analysis with Emphasis or Nuclear
Power Plants

5th Intl Symposium on Packaging &
Transp of Radioactive Waste

Envirommental Protection Criteria for

Radioactive Waste

BWR/PWR Radwaste

Not used

Medical Management of Radiation
Casualties

Basic Radiological Defeuse Officer
Course

Fall Mceting Nuclear Power

Sponsor/Location

Baltimore-Washington Health
Physics Society

Baltimore-Washington Health
Physics Society

North Carolina Chapter, HPS
Raleigh, NC

George Washington University
Washington, DC

Sandia Corp.
Albuquerque, NM

EPA Waste Envirommental Standards
Washington, DC

U.S. Nuclear Regulatory Commission
Washington, DC

Yankee Atomic Electric Co. &
Peter Bent Brigham Hospital
Westborough, MA

University of Lowell
Lowell, MA

Alabama Chapter of the HPS
Muscle Shosls, AL

Date

11 Jan-17 May 77

Il Jan-17 May 78

5 May 78
10-14 Apr 78
7-12 May 78

3/30-4/1/78

26-30 Jun 78

13 Oct 78

1978-79

13-14 Oct 78

) ok
Assigned CEC

13



Certificate No.

78-55

718-56

18~-57

78-58

*78-59

78-60

18-61

*718-62

+
COURSES APPROVED BY THE CONTINUING EDUCATION PANEL

Title

1978 All Agreement State Meeting

Radiation Emergency Planning

Neclear Waste Management

Waste Management Contractors

Reduced Dose Mammography

Basic MORT Seminar

Advanced Radiological Defense
Officer

Nuclear Fuel Cycle

*A

Sponsor/Location Date Assigned CEC
U.S5. Nuclear Regulatory Comwission 3-5 Oct 78 3
Washington, DC
North Carolina Chapter, HPS 13-14 Oct 78 |
Chapel Hill, NC
East Tennessee & Atlanta Chapters 1314 Oct 78 i
HPS, Oak Ridge, TN
U.S. Nuclear Regulatory Commission 18-20 Sep 78 2
Washington, DC
Roswell Park Memorial Institute 4-6 Oct 78 2
Buffalo, NY
DOE Sys. Saf. Dev. Ctr 12/8-15/1717 3
Clearwater, FL 10/16-20/78
Staff College, Defense Civil 13-17 Mar 78 5
Preparedness Ageuncy
Battle Creek, MI
Catholic University of America 5 Sep - 13 Dec 78 11

Washington, DC

¥ Approval is restricted to individual named on application only.



Certification No.

*

719-1

79-2

*79-3

19-4

7195

719-6

79

7

719-8

79-9

COURSES APPROVED BY THE CONTINUING EDUCATION PANEL*

Title

Spring Seminar AAPM

Not used

Medical Oncology MEDI 604M

Recent Developments in Applied
Health Physics

Short Course on Radiation
Protection

Microwaves Laser & Ultraviolet
Biophysical & Biological Basic
Applications & Hazards in Medicine
and Industry

Ionizing & Nonionizing Radiation
in Medicine Theory - Practice -
Protection (Summer Presentation)

Application of Optical Instrumen-
tation in Medicine VII

Neutrons for Electron Medical
Accelerators

Sponsor/Location

Southern California Chapter AAPM
Loma Linda University Hospital
Loma Linda, CA

Foundation for Advanced Education
in the Sciences, Inc., National
lastitutes of Health, Bethesda, MD

Health Physics Society
Richland, WA

The University of Michigan
Ann Arbor, MI

Mass. Institute of Technology
Cambridge, MA

Health Physics Society
Bethesda, MD

SPIE (BRH So-sponsor)
Bellingham, WA

NBS, BRH

Approval is restricted to individual named on application only.

Date

2325 Apr 79

2/5-5/25/19

3-4 Feb 79

1-12 May 78

1978-79
Presentations

2-6 Jul 79

25-27 Mar 79

9-10 Apr 79

-

*
Assigned CEC
2

10

In review

In review

*



Notes on Application §or Counse Approval for
Credit Towards ABHP Continuing Certigication

1. Organdzation on instituiion sponscring and/or organizing this trhaining.
2. Address of Lthe above dnstitulior.

3. Individual knowledgeable 4n the details of the makeup of Huis educa-
Lion |i.e., the infjownation asied for on this joun) and who can be con-
Lacted jor junther injormatica,

4. Full title, including subtitles.

5. Starting and ending dates. Repetitions cver a two [2) year time
span may be speccjied.

6. Individual!s) presenting the inaining. The resume should enphasize
s qualijications Lo present this course as well as any relevant health
phys<cs background. The instructor's involvement {n the design and pre-
paration of the course should also be detailed.

7. Total time (hns) and time presentation sciheme (e.g., § hus, per day,
3 hours per day). Identify separately the number of hours of Laboratony
orn giedd exercises and oulside preparation expected to be performed by
Zhe student.

8. As detailed as possible with empnasis on relevance to health physics.
As a mindmun {nclude major subject areas and the relative portion of
Zhe course or tradining deveded to each area.

9. Also identify areas of required supplemental reading.

10. Both with regard o entry io the course and with negard to the stu-
dent background assumed in the design of the course. Speeilically, 4is
the counse desdigned for experienced healtn physicists?

11. Show how this course relates Lo health physics 4§ 4t {8 not obviows
based on the course descripiion or how 4t (s 0f marticular value 2o this
applicant where specdiic approval s being requested.

12. PRease indicate 4§ a personalized certificate on some other notice
0§ course complelion or Level of performance shall be given to the stu-
dent or atlendees. This 4s strongly encouraged as means of assisting
the ABHP in {&8 continuing certification review process.

13. By representative of organization Ldentijied in 1 4if request is
other tnan from an individual C.H.P.

14, Thdis 48 the individual to whom the approval will be sent unless
othenuedse indicated. Please indicate the reason for submitiing this
application,

15. Please allow at Least six [6) weeks 4for ABHP-CEP revicw.

Send application to: Lester A. Slaback, Jr.
Armed Forces Radiobiology Research Institute
HNMC - Building 42
Bethesda, 1D 20014



For Official Use
APPLICATION FOR ABHP-CEP COURSE APPROVAL Appl. lo.

Date Rec'd

ro IDMC(M(J:L-'

2. Addrass:
3. Peason Responsible: Phone { )
4. Counse Titla: 5. Cowse Date:

6. Instructon(s) (Attachn neswne(s)):
7. Coumse duraticn (Lectuxe and fab Lome), schedule and outsdde prep regquirements:

§. Counse descrniplion orn outline:

9. Texts/Suppl. Ingo:
10. Prerequistites:
11. Relationship tc Health Physics

12. Certificate of course completion Lo be awarded: Yes No (Cincle)

—— — — —— — — ——— g — —

oA progran.
Signature
Name
Title

FE. BRRREARNL " b o] g e e Sn ST A R A

Name Phone ( )
Address
Purpose: _ For approval for ondy my atiendance

__ Forn inclusdicn with publicity for this training
- ____ Other specify:

15. Date by which approval is requinred




AMERICAN BOARD OF HEALTH PHYSICS

Application Fur Renewal of Certification

INSTRUCTIONS Application for:
1. Type or print in block capitals, Initial Renewal
2. Submit 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 items as listed.

Date
of
1. Name 2. Birth
(last) (first) (middle)
3. Home Address
4. Business Address
5. Send mail to: home address Home Telephone Number
business address (0 (incl. area code)

Bus. Telephone Number
6. Year of original certification by ABHP

7. ABHP/CEP-approved continuing education courses attended during current renewil period.

Course Where Dates CEP Approval Cont. Ed.

Sponsor Title Offered From To  Certificate No. Credits
a.
b.
£,
d.
e.

8. Other ABHP-approved continuing education activities during current renewal period.

Dates Cont. Zd.
Description of Activity Where Offered From To _Cradits
a. a4
b.
C.
d.
2,

-

Note: Do not submit application until a minimum of 16 continuing education credits

141

have been earned within your current renewal period.




9. Academir Degrees Attuined:

Years of
Institution ‘ajor Minor Full Artend. Deoree Year
&
b.
c.

10. Additional education and training related to health physics (except as listed
in 7 and 9) cince you were certified or since last renewal.

Institution Title of Course Length of Course l::;‘esm
a.
b.
.

11. Present position. Describe in your own words. Do not use official job descrip-
tions. We are particularly interested in your health physics activities.
Describe any previous positions with present employer in item 12.

Date Assigned 1o Position Name of Employer Place of Employment: wame and Title of immediate
Supervisor:

Exact Titte of Presant Position

Qescription of work . Include major responsibility and specitic fields

Parcent of time in health physics work

-

L




2. Previous positions held since you were certified or since last renewal.
Ephasi-e those portions of work that
are healih physics or closely related. Employer may or may not be same as in

with most recent 'voirion and work bacl:.

item 11.
-
emcmm—
Date of Employment Name of Employer. Place ot Employment:
From: To:

Exact utie of position:

Derrigtion of work  nclude major responsibility and specific fields

Percent of time in health physics work

Cate of Employment: Mame of Employer:

From: To:

Place cf Employrment:

Exact utle of position:

Description cf work . Include major responsibility and specific tields

Percent nf time in health physics work




-

3. Describe any other pmfessional health physics activities, such as consulting,
in which vou have enguge: in the past five years, or since your last renewal.

14. Current Professional and Technical Society Membership:

Name of Organization Year Joined Type of Membership Office Held

15. Special Achievements:

a. Citations or other awards:

:

I

' -

’ b. Committee Activities (mst five years or since last renewal):
|

|

I



16. Communication (within past five years or since last renewal):

a. Books and journal articles published

b. Technical paper~s read at meetings

c. Technical reports, memoranda or similar documents (include a small

but representative sample if possible).

d. Other speeches and lectures related to health physics



NRRRN

Categories of Competence.

Select the categories in th* list below in which vou feel you are competent
at this time to function as o Certified Healtli Physicist. Rank these in the
order of your proficiency. (1 for your first chcice, 2 for your second, etc.).

Industrial Radiographic Installations Nuclear Power Reactors

Vedical Radiographic and Fluoroscopic Installations
Radiotherapy Installations

Radionuclide Laboratories

Enviornmental MMonitoring

Other (specify) Other (specify)

18.

Nuclear Fuel Cyvele Facilities
Accelerators

Radiological Engineering
Regulatory Programs

LHE]

Professional References: name and address of at least two persons other than
your supervisor who are qualified to evaluate your health physics competence.

If possible, at least one reference should be a Certified Health Physicist;

do not use a Board or Panel member as a reference. References will be consulted
only in exceptional cases where the Board needs additional information.

19.

I certify that the statements above (including any attachments I have submitted
hereto) are, to the best of my knowledge, accurate, and I understand that any
falsification of information in this application will be cause for rejection
of the application or withdrawal of a certification already made.

Signature (in ink)
Statement Concerning Professional Responsibilities of Certified Health Physicists

In order to maintain his technical competence, the Certified Health
Physicist has a cormitment to remain 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 with others, including clients, colleagues,
governmental agencies, and the general public shall always be based upon
and reflect the highest standards of professional ethics and integrity. The
Certified Health Physicist shall represent himself as an authority only in those
areas in which he has extensive experience and in which he is considered expert
by his peers.

By my signature, I verify that I am fulfilling the Professional
Responsibilities of a Certified Health P.Lysicist. A \ g

Date: Signature (in ink):

Note: This application is not corplete unless you have signed your name twice
wote and have included a check, for the renewal of certification, made
at to the American Doard of Health Physics, in the amount of $20.00.

Send to C. J. Roberts, EIS-Bldg 10, Argonne Natl. Lab., Argonne, IL 60439



II.

I1I.

QUIDELINES FCR THE
AMERICAN ECARD OF HEALTH PHYSICS
COLTINUING CERTIFICATION PROGRAM

Renewal Period

In the five-year period beginning on .January 1, 1977, and during each four-year
period thereafter, each Certified Health Physicis: shall renew his® certifica-
tion. Individuals certified after January 1, 1977, shall renew their certifica-
tion within each four-year period starting on January 1 in the year after
certification is awarded.

Explanatory Note: Present Certified Health Physicists would be required to
renew their certification before January 1, 1982. The next renewal deadline
would be January 1, 1986. For example, an individual may choose to have his
certification renewed in 1978 and he may wait until 1985 before the next renewal.

Extension of Renewal Period

The ABHP may extend the renewal interval, upon request, when an individual
cannot meet the requirements because of sickness, foreign residence or other
unusual circumstances.

Explanatory Note: This flexibility is provided to allow the Board to grant
extensions when necessary. These cases should be infrequent.

Requirements for Continuing Certification

To renew his certification a diplomate 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. Submission of an Application for Renewal of Certirfication.

b. Attendance at ABHP-approved continuing education courses, or other
approved activities.

c. Submission of additional information to describe and verify his continuing
professional responsibilities and activities if requested by the Board.

Explanatory Notes:

a. The Application for Renewal of Certification will provide the Board with
information about the diplomate's professional activities since his
previous application was submitted. The form will be similar to the
original application for certification. The application will alse include
a reaffirmation that the individual is fulfilling the Professional
Responsibilities of a Certified Health Physicist.

*

Throughout this document the conventional masculine pronoun is used when collective
members of both sexes are referred to: thus, his = his/her.

<O
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V.

VI.

Classification of Certified Health Physicists

There shall be three classes of Certified Health Physicists:

Certified Health Phvsicist: This class shall consist of all diplomates who, in
the judgment of the Buard, meet the requirements for recertification. These
individuals shall be included in published listings of Certified Health
Physicists.

Certified Health Physicist - Emeritus: This class shall include Certified
Health Physicists who have retired from active professional practice. These
individuals shall be included in published listings of Certified Health
Physicists with the Emeritus designation.

Certified Health Physicist - Inactive: This class shall consist of all
individuals who, in the judgment of the Board, do not meet the requirements

for continuing certification. These individuals shall not be included in the
published listings of Certified Health Physicists. At any future time, an
individual in this class may regain active status upon completion of the
requirements for renewal of certification. The necessary 16 CEC's must have been
earned within the span of four consecutive calendar years including the yvear in
which application is made.

Explanatory Notes®

a. The Emeritus status will be awarded, upcn request, to Certified Health
Physicists who retire from active participation in professional
activities because of age or health requirements.

b. The Inactive status will, in most cases, result from individuals

changing disciplines. For several reasons, the Board chooses to place
these individuals in an Inactive status rather than revoke certification.
The most compelling reason is that legal action may be initiated to
prevent revocation of certification. Although the Board is confident
that its judgment would be upheld, the Board prefers to use its limited
resources to further the certification program rather than expend them
in legal procedures.

Renewal Fee
The renewal fee shall be $20.

Explanatory Note: The fee for renewal of certification will be paid at the

time the Application for Renewal of Certification is submitted. In addition,
organizations that sponsor continuing education courses may charge a registration
fee for the courses. The Board will encourage these organi:zations to establish
the registration fees at a reasonable level. Preferably, these fees should

only reimburse the sponsoring organization for the expenses incurred in the
administration of the course.

égoeais

Individuals shall have the right to meet with the Board and appeal amy decision
made by the Board that affects their certification status.




American Board Of Health Physics

CONTINUING EDUCATION PANEL

Ceneral oolicies and procedures.

A. In order to qualify for credit toward meeting the continuing education
requirements of the American Board of Health Physics (ABHP) all courses and
other activities must be approved by the Continuing Education Panel (CEP).
Applicaticn for approval may be made directly to the Chairman of the CEP by the
course sponsor or a participating Certified Health Physicist (CiP). Appli-
cants are urged to submit their requests far enough in advance that a decision
can be made Dy the Panel and announced before the course begins; however,
the Panel will accept without preiudice (applying their usual approval criteria)
all applications received within ninety (90) days after an event has concluded.}
Applications must be in the form specified by the Panel and be complete in
all respects.

B. In the context of this document, a ''continuing education course'" is
a program that is formally organized, is offered within a specific time
period, covers preselected topics and is given by specified individuals. Only
that portion of a program which relates rather directly to health physics
and contributes to the technical competence of the CHP will be approved.
Related subjects are those that are used directly in health physics but are
not usually lesignated as health physics courses. Examples of these might be
statistics, meteorology as applied to environmental dose assessment, reactor
conlant chemistry and radiation genetics. The Panel will evaluate each course
on the basis of content, instructors' qualifications, degree of student involve-
ment and schedule. After weighting these factors according to an established
formula, it will assign each course a number of continuing educations credits
which may be less than the number of contact hours.

C. The following activities have been reviewed by the CEP and approved
for continuing education credit without specific application by individual
CHP's. These approvals are exclusive of any additional education credits that
might be earned by attending specific events at these meetings.

(1) Attendance and participation at the annual Health Physics Soclety
meeting shall receive one conténuing education credit per day with a limit of
three (3) credits per meeting.

(2) Attendance and participation at the HPS Midyear Topical Symposium
shall receive one continuing education credit per day with a limit of three (3)
credits per meeting.2

D. Course sponsors or organizers are strongly encouraged to provide
certificates of attendance or other foms of recognition to the attendees.

As an exception, applications for apnroval of continuing education activities
concluded any time duriuag 1977 will be accepted through April 1, 1978S.

t,
“The ABHP will accept a maximum of 8B CEC's acquired through attendance at these
meetings toward the required total of 16 credits.

-
T &

| 1



American Board Of Health Physics

Memo to: Certified Health Physicists
From: C. J. Roberts, Vice Chairman, ABHP

Subject: Continuing Certification Program

This is a status report on the Continuing Certification (or recertification)
Program of the American Board of Health Physics.

The program had a lengthy gestation period which included an open discussion

of continuing certification at the Annual Health Physics Society meeting

in 1975 and invitations* to all CHP's for comments concerning the Board's
evolving proposals. As a result of this extended dialogue the Board diplomates
did reach a consensus on guidelines for a continuing certification program.
These guidelines, formally adopted by the American Board of Health Physics

at its meeting on June 27, 1976, are enclcsed (see Attachment I).

At its San Francisco meeting last June, the Board also appointed the
Continuing Education Panel called for by the guidelines. The panel is chaired
by Roger J. Cloutier (see Attachment II for complete membership list). The
responsibilities of the Panel include establishing standards for approval of
courses to meet ABHP continuing education requirements.

Although the Panel is not ready to publish a general set of standards for

use by potential spomsors in organizing acceptable courses, it is in the
process of approving certain refresher courses to be given at the 22nd Annual
HPS meeting in Atlanta, July 3-8, 1977. As soon as these arrangements are
completed the details will be announced in the HPS Newsletter, and in the
program for the Atlanta meeting. As many as 6 hours of lecture may be approved
for credit. Since the refresher courses have ‘been scheduled in pairs, anyone
at the Atlanta meeting will be able to attend up to three hours of approved
lectures. A total of 16 contact hours of lectures and demonstrations in
advanced health physics topics is required during each renewal period, including
the initial one which ends on December 31, 1981.

The Board expects to publish general standards for approval of continuing
education courses soon after the Annual HPS meeting. Applications for renewal
of certification alsc will be available at that time, although it will not be
possible for CHP's to apply until they have accumulated the required credits
for attendance of approved courses.

Please let me know if vou have questions or comments concerning the continuing
certification program.

C. J. Roberts Phone:
CEA-15 312-739-7711
Argonne National Laboratory Ext, 221

*From W, C. Reinig, Chairman of the ABHP at that time, dated October 10, 1975,
and March 15, 1976.



IX.

I1I.

AMERICAN BOARD OF HEALTH PHYSICS
CONTINUING CERTIFICATION PROGRAM

Renewal Period

In the five~year period beginning on January 1, 1977, and during each four-
year period thereafter, each Certified Health Physicist shall renew his
certification. Individuals certified after January 1, 1977, shall renew
their certification within each four-year period starting on January 1l in
the year after certification is awarded.

Explanatorv Note: Present Certified Health Physicists would be required
to renew their certification before January 1, 1982, The next renewal
deadline would be January 1, 1986, For example, an individual may choose
to be recertified in 1977 and he may wait until 1985 before the next
renewal.

Extension of Renewal Perio

The ABHP may extend the renewal interval, upon request, when an individual
cannot meet the requirements because of sickness, foreign residence or
other unusual circumstances.

Explanatory Note: This flexibility is provided to allow the Board to grant
extensions when necessary. These cas2s should be infrequent.

Requirements for Continuing Certification

To renew his certification a diplomate shall remain active in the profession
of health physics and keep abreast of new developments in the profession.
Demonstration of these requirements shall be provided through :the following
steps that shall be accomplished during the renewal period:

a. Submission of an Application for Renewal of Certification.
b. Attendance at ABHP-approved continuing education courses.

¢. Submission of further deccumentation to verify professional responsibil-
ities and activities may be required by the Board.

Explanatory Notes:

a. The Application for Renewal of Certification will provide the Board with
information abocut the diplomate's professional activities during the
past four yeare. The form will be similar to the original application
for certification. The application will also include a reaffirmation
that the individual is fulfilling the Professional Responsibilities of
a Certified Health Physicist.

b. The continuing education requirement will be met by attending professional-
level courses approved by the ABHP. During the renewal period, each
diplomate shall attend a course or courses providing a total of at least
16 contact hours of lectures and demonstraticns on advanced health
physics topics No course examinations will be required. Courses may be

.
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sponsored by any organization. Each course must be apprcoved by the

ABHP prior to attendance. Approval may be requested by sponsors of
courses or by individual Cerctified Health Physicists. The Board will
establish a Panel on Continuing Education to arrange and accredit ccurses.
Lecturers at an ABHP-approved course will receive appropriate credit
depending on the extent of their participation. Whenever practical, the
ABHP will announce the approved courses in advance through selected
publications; howaver, the sponsoring organization will have the primary
respensibility for course announcements.

¢. If the Board cannot determine through a review of the Application for
Renewal of Certification that the applicant is actively engaged in the
profession ot health physics at least 25% of his/her working time and
fulfilling the Professional Responsibilities of a Certified Health
Physicist, the Board may require the applicant to submit reports or other
documentaticn and letters of reference to assist the Board in its review.
These cases should be infrequent.

IV. Classification of Certified Health Physicists

There shall be three classes of Certified Health Physicists:

Certified Health Physicist: This class shall consist of all diplomates who, in
the judgment of the Board, meet the requirements for recertification. These
individuals shall be included in pubiished listings of Certified Health Physicists.

Certified Health Physicist - Emeritus®* This class shall include Certified Heazlth
Physicists who have retired from full-time professional activity. These individ-
uals shall be included in published listings of Certified Health Physicists with

the Emeritus designation.

Certified Health Physicist - Inactive: This class shall consist of all individ-
uals who, in the judgment of the Board, do not meet the requirements for con=-
tinuing certification. These individuals shall not te included in the published
listings of Certified Health Physicists. At any future time, an individual in
this class may regain active status upon completion of the requirements for
renewal of certification.

Explanatory MNotes:

a. The Emeritus status will be awarded, upon request, to Certified Health
Physicists who retire from full-time active participation in pro-
tessional activities because of age or health requirements.

b. The Inactive status wili, in most cases, result from individuals
changing disciplines. For several reasons, the Board chooses to place these
individuals in an Inactive status rather than revoke certifi:ation. The
most compelling reason is that legal action may be initiated to prevent
revocation of certification. Although the Board is confidznt that its
judgment would be upheld, the Board prefers to use its limited resources to
further the certification program rather than expend them in legal pro-
cedures.



v. Renewal Fee
Th2 renewal fee shall be $20.

Explanatory Note: The fee for renewal of certification will be paid at the
time the Application for Renewal of Certification is submitted. In addition,
organizations that sponsor continuing education courses may charge a regis-

tration fee for the courses.

The Board will encourage these organizations to

establish the registration fees at a reasonable level. Preferably, these
fees should onlv reimburse the sponsoring organization for the expenses incurred
in the administration of the course.

VI. Appeals

Individuals shall have the right to meet with the Board and appeal any decision
made by the Board that affects their certification status.

CONTINUING EDUCATION PANEL

Chairman:

Roger J. Cloutier

Vice-Chairman: Robert L. Junkins

Term Expires 1977

Donald E. Barber

815 22nd Avenue, NW
New Brighton, MN 55112
(612)373-8080

Term Expires 1978

Roger J. Cloutier

Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, TN 37830

(615)483-8411 X 263

FTS: 850-4642

Term Expires 1979

Frazier Bronson

2647 North Prindle
Arlington Heights, IL 60006
(312)266-8566 (work)
(312)259-70756 (home)

Term Expires 1980

Robert L. Junkins

Radiation Management Corporation
Suite 400, Science Center Bldg. #2
3508 Market Street

Philadelphia, PA 19104

(215) 243-2964

T. Jordan Powell

Mail Code L-518

Lawrence Livermore Laboratory
Livermore, CA 94550
(415)447~1100 X 3822

FTS: 457-3822

Jean St. Germain

Department of Medical Physics

Memorial Sloan-Kettering Cancer Center
1275 York Avenue

New York, NY 10021

(212)794-7390

Francis J. Haughey
Radiation Science

Busch Campus

Rutgers University

New Brunswick, NJ 08903
(201)932-2551 or 2582

Lester A. Slaback, Jr.

Armed Forces Radiobiology Research Institute
Defense Nuclear Agency

3ethesda, MD 20014

(202)295-1285



American Board Of Health Physics

March 1978

Dear Colleague:

Enclosed for your information is material concerning the Continuing
Certification Program. The following information is enclosed:

(1) General Policies and Procedures

(2) Guidelines for the ABHP Continuing Certification
Program

(3) Application for Renewal of Certification
(4) Application for ABHP-CEP Course Approval

Inquiries concerning the Continuing Education Program should be made
to the following individuals:

(1) Inquiries concerning education credits for courses and
related activities should be directed to:

Lester Slaback
AFRRI NNMC
Bethesda, Maryland 20014

(2) Inquiries concerning continuing certification of individuals
and applications should be directed to:

Carlyle J. Roberts

Division of Environmental Impact Studies
Building 10

Argonne National Laboratory

Argonne, Illinois 60439

In addition, information dealing with courses and supporting documenta-
tion submitted to L. Slaback should be summarized in concise language

not to exceed 5 pages. If more than 5 pages are required, then the
individual and/or organization should provide 8 additional copies.

A formal newsletter summarizing the previous vear's activities will
be transmitted in _pril.

Thank yvou for vour continued support of ABHP activities.
Michael S. Terpilak
Secretary-Treasurer



FINAL ACTION OF THZ BOARD
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ass cant's t3tal professonal racord. 1 @, his Yraining and ex-
perence, the achievemants he has obtaned n heath physics
79 relgleg hecs, the matunty of his ucgement, the ethical
nature of s professional conduct 2s indicated by his
2i3nciales and peers, angd gitan the rasults of oral interviaws
25 well as "a writtan examination. Anyone meeting the
20ucaton 2nd exparence raquraments and who is practicing
Pexth physcs in a compatant 2nd ethical manner is strongly
urged 0 agply to the Board for admission !0 the written
esamnaton  Although salisfactory performance on tha written
&2 naten 1 @ necessary bul not sutficient requirement, per-
$oAS wiho are agmultec '0 and who perform weil on the
examiraton usuaily rec:ave ¢ artification by the Board.

REVOCATION OF CERTIFICATE

Cearllicates may be revoked for . ctions consicared by the
Scard to be in viclaton of the statement “Professional
Responssdites of Certified Health Physicis’s.” Any person
‘or whom such action is contemplated shall have the nght of
aposarance before the Board,

CHANGE IN REQUIREMENT

Current requiraments, procedures, and fees of the
Amencan Board of Health Physics ars descrited in this
Srochure.  These are subjec! 0 change without nolice,
Powviever, changes will b8 publ shed before their effactive date
whanaver gractical No changes will be retrocactve

CORRESPONDENCE

Ail correspondence 1o the American Board of Heaith Physics
Noud be sent to

POOR wm

. ————— ——
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AMERICAN BOARD OF HEALTH PHYSICS
HISTORY

Shomy a'ter 's grganzaton, the Health Physics Society
estazishes a Comm.ties 10 study the need for certification of
Rez'™h 37ysiICsis and 10 Javelop plans for certificabon it this
acpearac 10 be desradie  ARer an intensive study, the Com-
rutes recommaenzad nal an American Board of Health
Prys.cs be estadishad 10 davelop stancards and procedures,
12 examne zandcates. 2nd o issue writtan proof of cer-
tizaton o individuals who have salisfied the reguirements
esiadisnad by 'he Board. The Bsard of Directors of the
Soceny cacided thal these recommandations had mer! and
2poointad 2 tamporaty Amencan Board of Health Physics on
November 8 19358

The temporary ABHP developed a set of minimum
recuirements for certification after carefully reviewing the
prolessional Sackground of 100 selected individuals believed
1o be representative o! those recognized 25 competent hagith
physcisis. Thase minimum regquiremen's were submittad to
the membership of the Society for comment. At the Society's
Annuel Meeting in Jun2 1858, the matter was discussed in an
Cco2n masting and there was ganaral support for the plan. The
Boarg of Directors of the Society formally established the
Amencan Board of Heaith Physics by approving an amend-
ment 1o tha By-Laws of tne Society on October 29, 1959,

The ASHP was incorporated in the State of New York on
Decemzer 1560. Provision was made for organizations other
than the Healih Physics Society to be represented on the
Scard.

The American Board of Health Physics has seven membars.
Feie 2re sponsored by the Health Physics Society, one by the
Amencan Assoc.ation of Physicists in Medicine, and one by
the Amencan Public Health Association. Each member serves
2 five-yzar term.

An Examination Panel consisting of Certified Health

Physicists 2apointac by the Board prepares, administers, and
gr2des e wnlten certification examination under the guidan-
ce and 25proval of the Beard,

I Sentember 1978, aftar consideration for over three
years, e ASHP decided to offer a Spacially Certification in
Powsar Reactor Heaitn Physics in addition to the Comprehen-
sr2 Certicaton. Tne Board appointed a Power Specialty
Examinztion Panel to prepare. administer and grade the Power
R2acto Specialty Examiniation under the gudance and ap-
proval of ine Boars

APPLICATION AND FEE

Appiication for examination must be made on the prescribed
torm which is avadabie from the Charman. Appiications should
be filed with the Charman at lzast wo months before tha date
of the examinaton. Cerlification lees are as loliows:

Certification Step Fee*
Application to take Partl of
written examinahon $7S
Apgiication 1o take Part ! of
Comprehensive or Power Reactor
Specialty writtan examination only - $75
Application to take Parts tand
of the written Comprehansive or
Powar Reactor Spacially examinatons
togather $150
Charge for oral examination
(if required) $75
Charga for certification plague s25

Re-exammnation feas fallowing failure of the exam are
the same 2s original apgl.cat.on fee schadule above.

“ENechve January 1 1979

EXAMINATIONS

Examinations are usuafly given once a year - at the time of
the Annual Maeting of the Haalth Physics Society. They are
conducted at the iocation of the Society’s meeting and may
also be given at othar selectad locations if demand warran's.

Permils are required for entry into the examination room. No
referanca matenal may be brought into the room.

RE-EXAMINATIONS

A candicate who fais his first examination may be admittad
o @ second examination after cne year. A cancida’e who faiis
o appear for re-examinztion within two years must submit a
new apziication.

Altar a second failure, a new application must ba filed. The
candidate must also submit evidence of substantal additonal
study defore being allowed o take the examination for a third
time

DOR
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EARLY ADMISSION
TO WRITTEN EXAIMINATION

Apalzavs are permitted 1o take Pact | of the written
exarmnansy ¢ hay have fulfiied the academic requirements
for the 1S ces’2e n Radaton Salety or a closely relzled field,
rave rece.=¢ 3 Sachelor's Degree n Radaton Safety and
have one yaar o' zrachcal (professional level) expenance, or
hrave a ganers Bachelor's Degree and two years of
profassona’ exzerence at the tima of the examination. Ap-
pheoans m.3t mae! ail the requraments kstad in the preceding
seclon balore bang admitted to Part il

The purszse of 2arly admission to Part | of the examination is
Jhwo-13i3 (1) 12 2low tha recent graduat2 an opportunily 1o
‘gemonsirats comsatance in the funcamentals of health

physics 2t tne baznning of his career, and (2) to encourage
younger healin phy5icists 10 procead toward certification. Ap-
plizants wno successfully complete this step in the
exam nahon procadure will be required 10 take cnly Part Ui of
the writtan examination when they apply later for regular cer-
thcaton

SPECIALTY CERTIFICATION INPOWER

REACTOR HEALTH PHYSICS
A digloma’a with comprehensive certi can apply for
Povear Raaztor Specialty Certifizcation wi ination if that

that parson meets the following additional #xperience require-
men's
a Wihin the past six years of the date of the applica-
tign, the doomale has spent at least two years in a
postion which has 2s a responsibiiity a major portion of
tha health physics program for an operating nuclear
power plant.

b. Tra diplomate is presently spending at least S0% of his
tme in power plant reactor heaith physics.

(In quastenable cases, the Board may give the candidate
tne option of taking Part li of the spacially exam or an
oral exam for the purpose of evaluating the candidate’s
Kknow'ec; 2 of power reactor heaith physics.)

¥¥ a dplomate with Comprehensive Certificaton does not
meaat {(he abova 22dihonal experignce reguiremants, but does
have at 225! thrse years of protessional experience in apphed
rag aton protacuon work with nuclear facilities dealing with
rac-2lagcal protiems similar 1o those encountered in nuclear
poaer stavors, th2 candidate may 2pply 1o take Part Il of the
Power Reactor Specalty Certification Examination.

A cipomate wih Power Reactor Specialty Centification can
c2ly 1 la<e Pant i of the comprehensive cerification
exanralon and obtain Comprehensive Certificaton upon
successtul complation of the examination F

PURPOSES OF THE BOARD

To elevate the standards and advance the profess-
ion of health physics by encouraging its study and
¥nproving its prachice.

First.

To encourage and insist on the highest standards of
professional ethics and integnity in the practice of
healtn physics.

Third To cetermine the compatence of tha spacialists in
heaith physics and to arrange, control, and conduct
investigatons and examinations to tast tha qualfica-
tions of voluntary candicatas for certiiicates tobe
issued by the Board.

Fourth. Togrant and issue certificates in the fisid of heaith
physics to voluntary apphicants and t2 maintain a
registry of holders of such certficates.

MEANING OF CERTIFICATICN

The certificate incicates that its holder has complated cer-
tain requirements of study an~ orofessional experience, which
the Board considars to consttule an adequate foundation in
health physics and has passed an examinaton designed to
test his competance in this fiald.

It should Le recognized that the certlicate awarded by tha
Board is not 2 ficense and, therefore, does not confer a lagal
qualification to practice health physics.

PROFESSIONAL RESPONSIBILITIES
OF CERTIFIED HEALTH PHYSICISTS

In achieving certification, the Certified Heaith Physicist
recognizes and assumes the responsibiliies due the
profession of haalth physics.

To mantain his technical compatenca, the Cerlfied Haaith
Physicist has a commitment to remain active in the fiela of
health physics and is acquainted with the scientifhc, techmcal
and regulatory davelopments in iv's fieid,

To uphold the professional integrity of haaith physics implied
in this certification, the relations of the Certified Heaitn
Physicist vith other individuals and groups including clients,
colieagues, governmental agencies, and the general public
shail always U2 basad upon and reflect the highest slandaras
of protessional ethics and integrity.

The Certfiad Heaith Physicist shall represent himself as an
authority only in those areas in which hea is considered expert

POOR
DRIGINAL
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CONTINUING CERTIFICAION

in January 1277, a Centinuing Certificalion program was
" ated by ine Amencan Board of Mealth Phydics in an effort
13 engure =2t Ceruhes Heal!n Physicis's we fullling thew
oea‘2330nal respansdilies and 0 encourage centinued
oro'essonal 2evelooment To reman on the kst of active Cer-
v ag He2iy Physcists individuals must be re-certfied evary
taur y2ars The requiremants for continued certification are.
(1) '3 b2 ergagad subslartialiy and currentiy in professional
hea'ty physics prachice; and, {2) to have eamed during the
to.r-yaar panod 2t least 16 Continuing Ecucation Credi!s by
LartsSalon in ASMP 2pproved courses, maetngs and olher
aztwues. The Board established a Continuing Education
Pansi which reviaws courses in advanced heaith physics and
reiated subjects that are submittad to it by the course
organizers, and determines the number of Ceontinuing
Edusation Creds to be awarded to participants,

GENERAL REQUIREMENTS
Reguirements for candidates for certfication are 2s follows:

1. ACADEMIC - The applicant must have a Bachsior's De-
gree in physical science or in 2 biological s¢ience with a
minor in physical scienca. In exceplional cases, persons
who have damaonsirated adaquate knowiedge of health
physics, but who are delicient in these academic
recurements may, at the discretion of the Board, be per-

mited 1o subsiitute experience for academic requirements.

2. EXPERIENCE - An gzpplicant must have st isast 6 years

of full-tme eguivalant professional experience in heaith
physics. At least 3 years of the experience must have
been in appled radiation proteciion work.  Adgitional
education may be substituted for up 1o a maximum of 2 %
years of expanance as loliows:

‘ Years Equivalant
! of stucy credit for
Type of Study or dagree experience

Genaral - relataa to HP 1 %
Ganerai - related to HP 20rMs 1 |
Generai - relatag to HP PR D 2 !
Heaith Physics 1 1
Heaith Physics 20rMS 1-%
Haalth Physics Ph.D orSc D 2%

SEP——

An apphicant may not claim profescional experience for an
advanced degree and work experanca for the same
period. For example, i an apphicant attends night schaal
for four yesrs and earns an M35 degree, and during the
same penod he is employad as a health physicist, he may
claim lour years professional expenence, bul not clawn 2n
additional year of experience for his MS.

For Fower R2actor Spacialty Certification, 2t l2ast 3 years
of the prolessional expenence must be in apphed racialon
protaciion work with nucizar lacilities dealing with
radiciogical probizms similar !0 those encountersd
nuclear power stations, preferadie n an actual nuclear
power station.

3. PROFESSIONAL - Each apziicant must be engaged in the

profess.onal practice of heaith physics a substantal por-
tion of his tine. Reference slalements are requred from
the applicant’s supervisor (if appropriate) and trom at least
two other individuals who are professionaily quaified to
evaluate the appicant’s ability in health physics. It is
recommended [Dut not raquired) that at least one rafsran-
ce be a health physicist already certhiad by 1he ABHP,

WRITTEN REPORT - The Board, after examination of the

application for certihication, may regquest reports on

raciation proteciion evaluaticns made parsanally by or un-

- der the suparvision cf th2 applicant. Each apphcant must

be capable of making a salisfactory evaluation on several
installations or cperations invelving possible radiation
hazards of which those listed below are exampies:

2. Radiograpnic instaliation - industrial or medical

b. Fluoroscopic instaliation

¢. Tharapy nstallation

d. Radionuchde laboratery

e. Air and waler sampling and environmantal survey
f. Nuclear tued processing plant

g. Nuclaar reactor

h. Major decontamination operation

i. Particle accelzrator

5. EXAMINATION - Writtan examinations will be mancatory;

oral examinations will be at the discraticn of the Soard.
The written @xamination has 2 parts: Part| determines tha
competznce of the applicant in fundamantai aspacts of
heaith physics and Part It detarmines his competenze in
pract:cal haaith physics topics. The examination must be
taken within 2 years of notification of cligibiity, or a new
applicatic.y must be submitted,

POOR
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April 6, 1979

TO: AMERICAN BOARD OF HEALTH PHYSICS
BOARD AND PANEL MEMBERS

Enclosed is a directory of all ABHP board and pan2] members. Please let
me know if any of the information is incorrect.

Sincere]y.

David S. Myers3

DSM:gw
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AMER ICA! BOARD OF HEALTH PHYSILS
Board of Directors

Michael S. Terpilak, Chairman
Carlyle .J. Roberts, Vice-Chairman
David S. Myers, Secretary-Treasurer

Nathaniel A. Greenhouse, Jr. (1982) Charles E. Roessler (1981)
B-535 525 NE 4th Street
Brookhaven Nationa! Laboratory Gainesville, FL 32601

Upton, KY 11973

Phone: (904) 292-0836
Phone: (516) 345-4207 .

William R. Hendee (1983) Michael S. Terpilak (1980)
Department of Radiology DHEW/Public Health Service/FDA
University of Colorado Medical Center Bureau of Radiological Health
4200 East Ninth Avenue 12720 Twinbrook Parkway Room 1308
Denver, CO 80262 Rockville, MD 20852

Phone: (303) 394-7817 Phone: (301) 443-3426

FTS 443-3426

David S. Myers (1981) Shirley D. Vickers {1980)

L-383 Catholic Medical Center of Brooklyn
Hazards Control Department and Queens

Lawrence Livermore Laboratory 88-25 153rd Street

P. 0. Box 5505 Jamaica, NY 11432

Livermore, CA 94550

Phone: (212) 291-3300
Phone: (415) 422-5143

FTS 532-5143

Carlyle J. Roberts (1979)
EIS Bldg. 10

Argonne National Laboratory
Argonne, IL 60439

Phone: (312) 972-3124

B




AMERICAN BOARD OF HEALTH PHYSICS

Comprenensive Certification Panel of Examiners

J. 0. Lubenau, Chairman
R. M. Hall, Vice Chairman

W. D. Burnett (1979)
Division 3312

Sandia Laboratories
Albuquerque, KM 87115

Phona: (505) 264-2735
FTS 475-2735

S. C. Bushong (1979)
Department of Radiology

Baylor College of Medicine
Houston, TX 77079

Phone: (713) 790-4416

W. R. Casey (1981)

Building 535

Brookhaven National Laberatory
Upton, NY 11973

Phone: (516) 345-4207

J. T. Denovan (1980)
1221 H. Volland
Kennewick, WA 99336

Phonz: (509) 942-5335

R. J. Everett (1982)
2517 Glassboro Circle
Arlington, TX 76015

Phone: (817) 334-3476

R. M. Hall (1980)
P. 0. Box 11
Jackson, SC 29831

Phone: (803) 725-2466

K. R. Kase (1981)
9 Longfellow Road
Wayland, MA 01778

Phone: (617) 732-3593

J. 0. Lubenau (1973)

4868 Chevy Chase Boulevard

Chevy Chase, M0 20015
Phone: (301) 492-7767



AMERICAN BOARD OF HEALTH PHYSICS
Power Reactor Health Physics Examination Board

Richard Bowers, Chairman
William D. Allen, Vice-Chairman

William D. Allen (1982) John R. Mann (1983)

P. 0. Box 467
Berwick, PA 18603

Phone: (717) 759-2867

Richard R. Bowers (1981)

Rt. 1 Box 100
Leesburg, VA 22075

Phone: (301) 948-7010

Ray G. Carroll (1981)
Route 1 Box 119
Russellville, AR 72801

Phone: (501) 968-2519

Peter J. Knapp (1982)
IAEA Expert

% United Nations

CPO Box 143

Seoul, Korea

Arizona Public Scrvice Company
P. 0. Box 21666

Station 3003

Phoenix, AZ 85036

Phone: (602) 271-7310

Norman L. Millis  (1983)

115 Meadow Lane
Marliton, NJ 08053

Phone: (201) 430-6743

Edward D. Scalsky (1984)
424 Edken Avenue
Palms River, NJ 08753

Phone: (609) 693-1951

Harvey F. Storey (1984)
9195 Fountainbleau Blvd. Unit 2
Miami, FL 33172

Phone: (305) 552-4692
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ARMERICAN BOARD OF HEALTH PHYSICS

Continuing Education Panel

Chairman:
Vice-Chairman:

A. Johin Ahlquist  (1982)
3682 Villa
Los Alamos, N4 87544

Phone: (505)-667-5021

NPonald E. Barber (1981)
815-22nd Avenue, N.W.
New Brighton, MN 55112

Phone: (612) 373-8080

Frazier Bronson (1979)
2647 HNorth Prindle
Arlington Heights, IL 60006

Phone: (312) 648-1838

Jean St. Germain  (1982)

Department of Medical Physics

Memorial Sloan-Kettering
Cancer Center

1275 York Avenue

New York, NY 10021

Phone: (212) 794-7390

Lester A. Slaback, Jr.

Jean St, Germain

Francis J. Haughey (1979)
Rd 3

Box 466

Flemington, NJ 08822

Phone: 2201) 932-2551
or (201) 932-2582

Robert L. Junkins  (1980)
54 Allandale Road
Philadelphia, PA 19151

Phone: (215) 642-5334

T. Jordan Powell  (1981)
Lawrence Livermore Laboratory
P. 0. Box 5505 L-383
Livermore, CA 94550

Phone: (415) 422-5137
FTS 532-5131

Lester A. Slaback, Jr. (1980)
Armed Forces Radiobiology Research
Institute

Defense Nuclear Agency
Bethesda, MD 20014

Phone: (202) 295-1285
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Section 1

Message to Candidates

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

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

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

Now that you know the key to good performance on the exami-
nation, the Board wishes you success in achieving certification.



Section 2

Content of the Examination

The examination has two parts,

Part I is made up of 150 multiple choice questions, divided
into three general categories: Fundamentals, measurements, and opera-
tional health physics. (A more detailed breakdown by subject matter is
given in Section 3 of this Guide.) Each question has five answers, and
each of the answers is a2 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. Three
hourr are allowed to answer Part [ (given in the morning of the examina-
ti a day). Not all of the questions in Part [ are replaced each year. As
a coisequence, this part of the examination is held in strict confidence
and copies of past exams are not distributed. Section 4 of this Guide
gives some typical Part I questions.

Part II is an essay type exam which is made up of sixteen
questions. The candidate may select any seven of the questions to answer,
and has four hours in which to complete Part II (given in the afternoon 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 reporcessing)

Medical

Power Reactors

University

Under each s* . 17y rea, one of the two questions is specific
to the specialty area to ali~ y2cialist to demonstrate his experience

and ability; while the othe:r 1estic" .3 kept more general so a person without
detalled experience in that specialty, bu? who has studied in the specialty,
should be able to answer it,



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

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

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

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

Mr, Bryce L. Rich
Allied Chemical Corp.

550 2nd Street
Idaho Falls, Idaho 83401



Section 3

Part [ - Topics Coverad

Part I of the exam is broken down into three general categories.
The number of questions in each category and the subjects covered in each
category are:

) Fundamentals - 50 questions
a, Sources
b. Units
e, Atomic Structure
d. Decay
e, Interaction of Radiation with Matter
- A Radiobiology
2. Measurements - 30 questions

Personnel Dosimetry

Bio-assay and Whole Body Counting
Instruments

Calibration

Measurement of Radiation

Statistics

Radiochemistry and Sample Preparation
Dose Estimates

3. Operational Health Physics - 70 questions

Laboratory Design

Shielding and Equipment Design
Contamination Control

Surveys and Inspection

Waste Processing

Emergency Response

Criticality Controls

Accelerator Safety

Reactor Health Physics
Environmental Surveillance
Waste Disposal

Hazards Analysis

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

oQ ™0 Q00 0o
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Data Evaluation
Emergency Planning
Public Relations
Procedures
Non-icnizing Radiation
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Fundamentals

|

Section 4

Part [ - ical Questions

The Roentgen is equal to:

1.0 Coulomb/kg.

. 1.00 x10"3 Coulomb/kg.
. 5.28 x 10™3 Coulomb/kg.
. 2.58 x10"4 Coulomb/kg.
. 5.28 x 104 Coulomb/xg.

W oW N e

The term solubility or transportability, when applied to the

- metabolism or radionuclides, refers to the:

% Me:abolic breakdown of a radionuclide - containing
conpound which allows its incorporation into body
tizssues,

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

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

i. Property of a radionuclide - containing compound which
results in its transfer across body membranes.

- Translocation of a radionuclide ~ containing compounc
from one point to another under conditions of physio-
logical dysfunction.

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

Dose equivalent
Linear energy transfer
Absorbed dose
Specific ionization
Exposure

W B W0
. . .



Which one of the following statements concerning radioactive
decay is correct?

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

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

3. In transient equilibrium the activity of the daughter is
less than that of the parent,

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

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

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

1. Sodium
2. Nitrogen
. Oxygen
4, Hydrogen
S, Carbon

An investigator has received some Zirconium=-95 (T1 = 65 days)
for use in a long~-term study. He finds the Zirconiim to be
contaminated with Cobalt-60 (Ty = 5.24 years) such that the
ratio of uCi ®%Co/uCt 952r 1s 7.012. After the initial assay,
the activities of the two emitters will become equal in:

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

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

Dose equivalent

Relative distribution function
Quality factor

Relative biological effectiveness
Distribution factor

W B W N
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Which one of the following solid-state materials has the most
constant response per roentgen over the energy range of 0,01
to 1 MeV when used as a dosimeter without special shields to
correct for energy dependence?

Calcium Sulfate

Calcium Fluoride (CaFj : Mn)
Lithium Drifted Germanium

" Low-Z Glass Rods

Lithium Fluoride (TLD-100)

W o W -
. . e .

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

Inertia of the meter movement
Range selector resistance
Circuit capacitance

RC time constant

Incident X-ray photon energy

W s WD
2 4 W & 9

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

| Inversely proportional to the density of the gas in the
chamber,

N Inversely proportional to the gamms ray energy absorbed
per cubic centimeter of wall material.

3. Directly proporticrial to the stopping power of the walls

for elect-ons.
4. Independent of the density of the gas in the chamber.
. 3 Independent of the volume of the chamber.

Unless some type of internal or external quenching is used,
a geiger detector will retrigger because of the:

1. Breakdown of the detector gas caused by interaction with
the negative ion sheath.

Z. Bremsstrahlung produced by the negative ion sheath during
the avalanche,

= T Decrease in the density of the positive ion sheath caused

by recombination of the ion pairs.

4. Electrons released while the positive ion sheath is being
neutralized at the outer cathode wall,

- Extraneous noise produced by the high-voltage power supply
in the circuit.

L-ﬁ



Operational Health Physics
8 The half-value thickness for 1 MeV photons in lead apr.oxi-
mates 1 cm. A 100- millicurie essentially massless source
of Zinc-65 (gamma-ray energy = 1.12 MeV) produces a dose
rate of 30 milliroentgens/hour at 1 meter without shielding.
What would the dose rate be at about 10 cm from this source
with the addition of a 5-cm thick lead shield if the build-up
factor is 2.17

1. 0.02 milliroentgen/hour
2, 0.9 millircentgen/hour
3. 2 millircentgens/hour
4, 20 milliroentgens/hour
5. 200 milliroentgens/hour
2. In routine environmental surveillance, certL’'n samples are

collected and analyzed for specific reasons. In this regard,
which one of the following statements is incorrect?

3 ‘oodstuffs are analyzed because they are generally the
-ain 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 history of radionuclide wastes in an aquatic envir-
onment,

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

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

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

Cryogenic distillation
Chelation with EDTA
Adsorption on activated carbon
Countercurrent ion exchange

. Absorption in freon

L9, I S PV o
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The medical radiation exposure of a patient cannot be reduced
by using:

bW N

High KVP techniques

Short time, high MA techniques

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

A larger target to film distance

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

bW N

Tantalum
Carbon
Beryllium
Aluminum
Iron

According to 10CFR20, personnel monitoring is required when
an individual;

2.

Enters an area such that he is likely to receive 1.25 rems
to the whole body in a quarter.

Performs an operation such that he may receive 18.75 rems
to his hands in a quarter.

Under 18 years of age may receive any amount of radiation
regardless of how little the e.., 'r2 may be.

Enters an area such that he is like., > receive an exposure
in excess of 10% of legal exposure values.

Enters an area such that he is likely to receive an

exposure in excess of 25% of legal exposure values.

When air i{s sampled by being pulled through a filter paper, the
radioactivity at equilibrium on the filter paper due to naturally
occurring radon daughters is:

1.
2.
3

Proportional to the flow rate of the sampler.

Dependent only on the total volume of air sampled.
Dependent on the period of time required for radioactive
equilibrium on the filter paper to be established.
Dependent on the volume of air sampled after radiocactive
equilibrium on the filter paper has been established.
Independent of the flow rate of the sampler.

+10e



A radiation survey outside the shield at an 8 MeV electron linear
accelerator beaming into a copper target requires the exercise
of care in choosing appropriate instruments and conducting the
survey because:

Neutron activation of Nal scintillation counters may cause
erronecus dose rate measurements.

Pulse pile-up in G-M counters may cause erroneous dose
rate measurements,

Pulse pile-up in BF3 counters may cause erroneous neutron
measurements.

Induced radioactivity may pose a contamination problem,
High radiation fields may saturate ionization chambers,
causing erroneous dose rate measurements,

In performing a maximum credible reactor accident analysis,
which of the following assumptions is not generally applied?

Complete loss of containment has occurred.

100% of the noble gases, 50% of the halogens, and 1% of
the solids are released to the primary system.

50% of the halogens released to the containment building
plate out and are not released to the atmosphere.

Class F weather conditions exist at the time of the
accident.

A double ended primary system pipe failure has occurred.

-~
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Answers

Fundamentals

Question #1
Question #2
Question #3
Question #4
Question #5
Question #6
Questi_n #7 -
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Measurements

Question #1
Question #2
Question #3
Question #4
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Operational Health Physics

Question #1
Question #2
Question #3
Question #4
Question #5
Question #6
Question #7
Question #8
Question #9
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ABHP EYAMDNATION 16 PART II

June 12, 1972

PART II . ANSWER ANY SEVEN

TOTAL TIME: 3 HOURS

suestion tl

7ou are agsked to measure absorbed dose from gamma radiation in various materials
inder various conditions. For each case shcown telow list the quantities you need =3
inow to make the measurement %2 an accuracy 2f a few percent. 3Show also the formula
7ou would use to calculate the dose from the measurement you made.

a) You nave a small air-filled, air-equivalent wall ion chamber calivrated
in roentzgens for 1L MeV zamma rays.

-

You are asked to measure absorbed dose in water from C.5 MeV zamma rays

%) You have a small capsule >f therms-luminescent dosimeter [ULD) mnterisl
The capsule walls are tissue 2quivalent. The TID i{s calibrated in roentgen
for 0.002 MeV zamma rays.

Yau are asiked to measure absorted 4ose in tissue from 0.262 MeV zamma rays.

i

Y ¥ou have a small air-filled ion chamber with aluminum walls calibrated in
roentgen far 250 kVp X-rmys.

z
: ! ! 20,
You are asked %o measure absorced dcge in lead from ~ Co camma rays.

Juestion #2

In assessing %ne radiclogical envirsnmental impact of a power reactor located on a
fresh ter lake, many possible pathways or modes of >ff-site numan exposure must
ce considered.

a Lis% 10 such possible pataways.

5] Assume a b02iling water reactsr with on througn secondary coolinzg water
"

ce-
rel=aged =0 the lake, and a zaseous effluent system equipped with a stand
30 minute delay line for zsses and ns char oal avsorters. Which pathwar
would y2u expect to contritbute the most dose =5 the populations within a SC-m

radius?

0

Discuss (brief'y) some of <ne information you should have o 42 a more complete
evaluation of v!e relative importance of zach pat vn,.

POUR
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ABHP Examination 15 - Part II -2- @@@m
sari DRIGINAL

A technician_ in a prarmaceutical company will nandle 500 =Ci 131, 1000 mct 198,

and 25 nCi ‘EK. She was employed at the age of 13 and will work under conditions

such that she will bYe exposed to radiatizn from these sources far 2ne nour per day,

five days per week, over an extended perisd of time. During the exposure peri>d ner
s2dy pesitisn i3 A0 cm from the radisactive materials located in & laboratory ased.

What (s %he minimum amount of lead shielding (or equivalent) v>u would prescride for

a tarrier at the fromt of the hood? Manipulators will be provided so taat aand exposure
wizhin the barrier is not necessary. Assume source atrength maintained at levels given,
i.e. you may neglect decay of isotopes.

4
2Lvens

].31I 198 32:

Au K
VL in lead, cm 0.3 0.3 1.2
?/mCi-nr at 1 cm 2.18 2.13% 1.50

survey a new diagnostic x-ray tube unit and collimator for compliance
with NCR® rec-mmendations for tube housing and collimator leakage and for %2tal
filtratisn. The tube unit is mared for snd sperated from 150 &Vp taree-phase
twelve-pulse zenera:tor capable of cperation from O.1 mA tube current for fluoroscopy
%5 1000 mA for diasnostic radisgraphy. The gZeneratsr is connected %2 the tube
nis by 35 feer long high-voltage cables.
a) Descrite the instrumentation and procedure y2u would use, including

x-ray equipment Jperating factors, %o determine the maximum zud

housing and collimatar leakage ‘mR in 1 hour at 1 meter from the

f-cal spot).

) What, Lif any, is the effect of nigh-voltage cables on tute housing
leakag?e measurements?

c) How does half-value layer and the corresponding total filtration
determination vary with tube current and high voltage cable length
at = constant xVp?

e

What (s meant by the "narrow team", or "unique” half-value layer and
how can this determination te made?

e} What is the minimum %otal filtration recommended for a 130 kVp

4'sgnastic x-ray machine and what {s the rationale tenind this
recommendation?

=] 5=



ABHP Zxamination 15 - Part IT OO@&
Juesticn #3 @'“ m &‘L

Assume you have been asked as a consultant %> audit the r:d{.tion safety program
of 2ne of the following nuclear facilities. Prepare a check list >f the {tems you
should consider, and discuss the reascns why each is important.
State your choice:
1. DNuclear Fuel Reprocessing FPlant

Radioprarmaceutical Manufacturing and Supply

Industrial Radiograpny Involving X-Rays and Isotopes

Power Seactor Facility
Question #5

An employee at a facility where you are the health physicist nas been involved in
an L:c:den. wherein he is suspected of having inhaled plutonium sxide {insoluble)

a) Compare the advantazes and disadvantages >f attempting =2 determine ais
lunz burden due =2 Pu-230 oy direct counting technigues.
3

Compare the advantages and disadvantages of using the 50 KeV pnatonfrom -re
Am=24] present t> de-ermine the Pu-23% lung Surden. :

Jompare the techniques of (a) and (%) with urine and fecal sampling.

-~ od
siestisn #7

re asked to consult in the desizn a installation of a 15 M
ised for cancer therapy. The electiron bYeam will strike a
accelerator %o produce

erial for collimators and target shielding,
uld v2u recommend and why?

o

The accelerator is to te installed in a room which previsusly housed

a C2-c0 teletherapy uni=. Tne room nas 2 f¢ -hick concrete walls and

one wooder door with a 1/4 {n layer of Pb affixed => the inside surface.
Piscuss what you would consider i{n evaluating the adequacy >f the accelera:or
and room shielding.

-y -
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Some tritium water vapor was released in a laboratory. An air sample was taken
using a freeze ocut technique (100% freeze dcut). Ten cudbic feet of air were drawn
through a <rap, the collected moisture was diluted > 50 ml, one ml of the dilution
was counted for -H beta using a ligquid scintillation counter.

Given: (1) The instrument background is 12 c/m.
(2) The counting efficilency is 31%.
(3) 3200 counts per minute were found in the 1 ml.
f6) 2.832 X 10® cc = £t
(5) Principal intake by inhalation.
(8) Bislogical half-life is 10 days.
'7) Breathing rate is 107 =2¢/8 nrs.
(3) 70% >f innaled -H assimilated by bady water.

;9. Zffective absorved energy is 0.0l MeV/disintegration.
(10) Mass of critical organ is 4.3 X 10% grams.

a) Determine the uCi/ce »f tritium in air.

o

A technician, working for eight hours in this atmosphere, left for a
vacation witnout submitting a urine sample. = “imate his dose in rems
tased on the alr sample data.

¢) If the technicisn submits a urine sample for <ritium analysis when he
returns from vacation 20 days after his exposure, what concentration
of tritium would you expect to find in this urine sample?

1

suestisn #0

h)
A transient burst >f 1 X ].O"5 fissions in an unshielded accumulation of fissile
material causes a total dose equivalent >f 25 rem at © feet,

a! Assuming 2 neutron-to-gamma dose equivalent retis of 9, what is the zarma
absorbed dose?

b) Your criticality detector is a gamma response instrument with an alarm
point of S0 mR/hr. If the detector responds to 1/2500 of the actual

Zamma dose rate during a short transient, what (s the maximum distance

over wnich this device will be effective {n signalling an unshielded,one

nillisecond transtent of L X 10*° fissions? Neglect absorption by the air.

‘“

Should sufficient shielding materials be present between the scurce of th
turst and the detector t5 result in attenuation by a factor of thpee,

. 3 ; (& -
what will the maximum distace of (b) be reduced to fora L X 101° risstis
ourst?

L
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APYP Zxamination 15 - Part II

Question tlo

A rediochemist is planning to analyze l_nnr samples by activation analysis.

developing his analysis procedures he act

Based 2°on
at

a) the information provided,

the time he initiated his work?

all assumptions. Use "rules of zh
What precautions would
it is ©0o be pulverized?

-

What would be the done rate at 1 foot from the unshielded sample?

“in

In

vates & number of knowns including antimony.

how much Sb activity would he have

State
- — "

Lf you wish.

79u reccmmend for handling this sample assuming

e

In working up the Sb sample ne nas a spill wnich results ineinnals:i:.
of Le<sy., His initial 52dy burden is determined to be 4xl0°MLi. If the
(MPC)q for e “so is 2x10°" oi/mi, would this incident require reporting
to the AEC (or State) Authori:ies? (Assume a breatning rate of 10/ =l per
3 hours.
—ata for Antimony Sample
Sample Mass: 1 mg antimony
-1
stopic Abundance of 2cus 37.25% @@O‘ )
1 1
Crass Seetion for ~2ligp (ny) 1225 T
Reaction: 2 barns ﬁ m“@.“\g ,[;\u
122 SRR
Half-life o 5% 2.3 days
Principal Camma Ray 0.564 MeV (70% abundance)
3 Particle 1.97 MeV (T0% abundance)
1.40 MeV (30% abundance)
Tissue
® ( &
B (MeV) (Range 8/ am?)
Q.5 Q0.2
0.7 0.3
) 0.7
2.0 1.0
Irradiation “onditicns
Trradiation Time: & days

Flux Density:

Zlapsed time between end of irradia-
*{>n and start of work:

13 ., 2
x 107 n/em -sec

N

"

days

-]18-



ABHP EXAMINATION ¢#17 PART II

June 18, 1973

PART II - ANSWER ANY SEVEN

TOTAL TIME: 3 HOURS

Question #1

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

1. NTA film
2. Ovir-’LiF TUD
3. Albede

4. Fission Track

Question #2

The health physicist's evaluation of radiological exposures to man and his
environment from man-made sources is complicated by the existence of natural
sources.
Consider the followi g natural contributors; QOK, cosmic radiation, uranium
series and thorium series., For each category below, briefly state how they
might affect a health physicist's measurements,

l. Air monitoring,

2. Sample counting,

3. In vivo counting,

4. Radiation background measurements,

5. Calibration of low-level instruments,

6. Materials for construction and shielding of low-level counting
facilities,

Radiochemical analyses including materials and equipment used.



ABHP inarion #17 - Part II -2 -

Question #3

askr i{s continuously released from operating nuclear reactors to the
environment,

(1) Briefly describe how you could menitor for gskr in the stack effluent
when {t i{s masked by cther short-life noble gases.

0.98

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

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

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

ggestion i+

NBS Handbook 97 lists neutron attenuation coefficients for various shield
materials. In particular, for 4 MeV neutrons, the attenuation coefficient

for iron is 0.3l cm"! while the attenuation coefficient for ordinary concrete
is 0.157 em-1,

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

b) Design a combined iron and concrete shield for a 4 MeV neutron source
emitting 5 x 1010 neutrons per second isotropically such that the
fast neutron flux cutside the shield at 2 £t from the source is less
than 5 neutrons-cm~2-sec-l,

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

Question #3

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

-20=-
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ABHP Examination #17 -3 -

Question #5 (Continued)

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

a) Briefly discuss in general terms the quantities and hazards of
the gaseous, liquid and solid waste materials generated in the
reprocessing.

b} Describe the treatment and disposal methods appropriate to the
various radioactive wastes identified above.

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

Qgestion #6

A release of airborme, particulate, alpha-emitting activity has occurred
in a large room in which there are glove box operations with various heavy
metal alpha emitters. The release was detected by an alpha air monitor
which alarmed. The four men who were in the room left following the
alarm. You were notified within a few minutes and reported immediately

to the scene and find that the exact source of the release is unknown,

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

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

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

Question #7

Radiation effects are influenced by the density of energy deposition of the
impinging radiation. Some radiation delivers energy to a relatively large
volume of the cell (e.g., gamma rays) and has a low relative biological
effectiveness (RBE). Other radiation delivers enmergy to a highly localized
part of the cell (e.g., alpha particles) and has a high RBE. Several closely
spaced ionization events are referred to as an "ion cluster."

Tumor cells having critical structures with 10" cm diameter are being
irradiated. Assume that one ion cluster has an energy density of 100 eV/ion
cluster and that one ion cluster will destroy or inactivate one cell.



_BHP ination ¢#17 - Part I -4 -

Question #7 (Continued)

a) Which of three radiations lLiving linear energy transfer's (LET's)
of 10 keV/u, 100 keV/u and 500 keV/u would you expect to be the
most efficient for tumor destructiorn where the (umor is given the
same tocal dose for each of thc three radiations? Why?

(la = 10™ cm)

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

¢) Many tumors are poorly vascuiarized, particularly near the center,
and hence are far from oxygen-saturation. Discuss the "oxygen-
effect" for low LET radiationms.

Question 43
126

The liquid contents of a beaker containing 10 millicuries of I
accidentally boils to dryness in a laboratory measuring 4 meters x 4 meters
x 3 meters high. A person working in the room breathes the vapor for 30
minutes before discovering the accident. Assuming 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 maximum uptake by the critical organm
2) Calculate the maximum dose commitment to the critical organ (rems)

Whole body weight = 70 kg

Thyroid weight = 20 g

T, = 13.3 days Ty = 138 days
F (RBE)n = 0,16 MeV

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

4) Would you expect thi3 dnse to produce any observable biological
effects? Why?

Question @9

Shown below is the plan view of a proposed 125 kVp radiographic x-ray
installation to be used for general radiography. The useful beam can sirike
all barriers except A - B, For a workload of 400 mA-min/week, specify the
lead thickness required at 5 of the 7 points. State all assumptions on
which your calculations are based.

See the following page for tabular data.

-
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ABHP Examination #17 - Part II -5 -
Question #9 (Continued)

Attended Parking Lot

Attended (§
Elevator \10' X-ray tube

| Radiologists
Ofiice

Lavat or@ /

(3 Technologists &
Room

TaBLE 5—3hiciding requsrements for radiographiz installations

|

FUT o mA min/week

Distance ia Feut iram Source X-Ray Tube Target)
@ Octupeed Area

WYy | kv | wWekvp |
1,000 | w0 | 20 [s|7/10/1/ >80 | |
500 ;20 | 100 | | 8] 7/10:114/20;28/ 40
250 [ 00 | & l , | 8! 7710 u.a)lzsyw;
3 | © | B | | |8/ 7/10/14!2! 28 4
@8 = 38 | | | | |8/ 7/10|n 0|8
Type of Arsa ' Materiai ; Primary Protective Barvier Thickoess
! ‘ ’ : "
Controlled | Lead, mm® (1.9 [1.68/ 1.4/1.2 1.0 0.780.5 1 0.31 0 | O
Noncontroiled Lead, mm?® 2.652.4 | 2.211.9311.7 1.3 1.25 1.0/ 0.8 0.5
SR e S i D D SR Sl
Controlled Conerete, in* 5.9 5.2 4.04.0 3.3 2.7 2.1 1.6l 1.0/ 0.4
Noncontrolled| Concrete, in* 8.0 I7.3 1 6.76.0 5.4 4.8 4.1 3.5) 2.9 2.2
i | | i ! '
! i Secoadary Protective Barrer Thickaess
Controlied Lead, mm*  0.550.4 /0201, 0 0 0! o!lo o
No. “ntrolled Lead, mm® 1.2 1.0 0.80.6 0.450.23( 0.1 0 ! 0 0
{ | { §
, | ! |
Conuroiled Conerete, in* 1.0 1.4,0803 0 . 0/0!0/0! o0
Noacoatroiled! Cencrete, in* 3.3 3.2 2.62.1 1.5 1.0 0.4' 0,00

* W—workioad in mA min/week, U—use {actor, T—occupaney factor.

* Sea Tabie 25 for conversion of thickness in millimeters 1o iaches or 1o surfacs
density.

* Thickness based on conereta dersity of 2.35 g/cm? (147 1b/MeY).

-23=-
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Question #10

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

a)

b)

c)

d)

An initial tritium activity measurement in urine for one case was
3.4 x 1073 uCi/ml and 5 days later was 2.4 x 1073 uCi/ml. Estimate
the retention half-period of tritium for this individu .l.

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

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

Some of the accidentally released tritium is ultimately discharged
to the environment. Mechanisms which have been found to be
important in the reconcentration and redistribution of environ-
mental radionuclides include bioconcentration and transriration.
State in one or two sentences the importance of these mechanisms
in determining the environmental behavior of tritium.

w24~
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ASHP EXAMINATION 318 PART I

July 8, 1974

PART II - ALSWER ANY SEVEN
TOTAL TIME: 3 HOURS

Question 4]

1

A solvent vapor axplosion has taken place in a source ancapsulaticn facility
at the U. S. Radionics Ccrpany site. The most recant isatope inventiry for
the facility indicates a total content of 10 g of 25°Cf as the aoxide.
Continuous air monitors with audidle alarms indicate significant mcunts

of alpha activity. Three of the facility occupants have avacuated o a
pre-assigned nold-roint just cutside the facility entrance. As director

of the health physics emergency resgonse term discuss the follcwing:

. Ycur priorities in the initial response.
. The steps you would take for proper total respcnse.
Personnel protection for team members.

I N

Honitoring and surveillance for cleanup operations.

Data on 252Cf;

a) Specific neutron dose rate: 2.4 x 103 rem/hr.gm. at 1 m.
b) Specific garma dose rate: 1.4 x 102 raw/hr.gm. at 1 m
c) Specific activity (alpha): 5.37 x 122 Ci/zm

d) .‘~1?Ca (10-hr week): 3 x 10-11 _Cis¢md

Question 22

An amployee working in a gléve box ccntaining 23%PuQ, discovers that he

has a heavily contam{ iated hand. [t was detarmined that the cont: inaticn
~as the result of a hole in one of the glove box gloves. It was astimatad
frem a recording air menitor gwith a defective alarm) that the cmgloyee

~as exposed to an airborne 23%PuQ; concentration of 4 x 10-3 uCi/cc for one
hour. From cascide impactor results the mass median agrodynamic particle
siza (MMAD) was estimatad to be 0.5 .

a. Given tha revised lung model data on the attached page and
assuming uniform energy depositicn in the lungs, calculate
the total integrated dose in rem to the pulmonary region of
the lungs.

b. Briefly discuss the current controversy surrounding the

assumption of uniform energy depcsition in the lungs for an
fnhalaticn xposure of this type.

«25=



DATA for PROBLEM 32

tass of pulmeonary regicn of the lungs

239

3reathing Raie

239

Py ZE(R"E)n

)

-<

?uOZ is a [lass

p 2fD CoveranTs tow Usg wrnt TOLM CLeanance “opeLd
I Compaund class
2 ea | Patway | o) ! ) |
Ma® (a) 151498 | sotant |
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ABHP Examination #18 - Part [I -2~

-oint Yaluye Question #3

i0 A rzdiation dosimeter is made from a cubical plastic scintillator
(5 ¢ on a side). The light cutput is detected with a photomultiplier
tube and the resuiting current is measured with an electrometer. The
dosimeter is calibrated with a !37Cs source with an activity of 4.5 nCi.
The alectrometer reads 6.0 x 10-7 am.eres (background subtracted) when
the source is placed 1 metar from the center of the detector.

An lTodine-125 source gives a reading of 2.3 x 105 amperes at the same
distance (background subtracted).

what is the exposure rate at 1 meter from the lodine-125 source? leglact
the affact of scattered radiation or the inverse-squaras law distance
variation through the detector. Assume the energy flux density falls

off in the crystal as e-"2n* and the radiation is incident normally

on the crystal face.

Data 137¢cg 1251
0.56 MeV 0.927 MeV

Mass enargy absorption coofficient, cm?/g, for crystal 0.031 0.097

Garma :hotins emitted per disintegration 0.935 .07

“ass anargy absorpticn ccefficient, cm?/g, for air 0.029 0.26

Censity of -ir o* 0°C, 760 mm 0.001293 3/cmd

Density of crystal 1.0 g/cmd

Mean clectron volts to produce 1 nn pair 34

Charge on elactron 1.6 x 10712 Coulomb

fon pairs/cc - Roentgen 2.08 x 102

Coulomb/gram - Roentgen 2.58 x 107

Question #4

Give the physiological effects to be expected from the follewing acute
Point Value SHPOSUres:
2 a) 300 rad to the whole-body from 5%°Co gamma rays;
2 b) 25 rad to the whole-body from %Co garma rays;
2 c) 1000 rad to the hands from 2P beta rays;
2 d) 500 rad to the whole-body fror fast neutrons.
2

How would you modify your answer if the exposures ware uniformly spraad
over a pericd of cne year?

27 -
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ASHP Exasminaticn 213 - Part [I -3-

Point Yalue Question #5

p'J-'nt .'alue

10 Differentiate the merits of Nal(T1), Ge(Li), and Si(Li) for gamma
spectioscopy of envircrmental samples from uncontrolled areas.

Question #6

As a h2alth physicist in a fuel reprocessing plant, how weuld you
) han 2ach of the ¢ wing?
Batnt Valua dle 2ach of the following
5 a) You are required to analyze the stack erfluent for radicicdine
in particulate, elsmental, crganic and other forms. 8riefly
describe how you would 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 isc-
<inetic. How ould you do it?

2-1/2 c) List th: factors which deturmine the rate at which 1izuid waste
can be discharged to a stream. List at le st four of them,

Questicn #7

A cy "cal racm, 8 rn2fters on a side, contains a 14 MeV neutron source
at the centur emitting 1015 n/sec. [t is desiced to shield the room
so that the dose ~juivalent rate in adj:cent rooms is less than

2.5 nrem/h, Ten-foot thick walls of ordinary concrate are plinned.
The reof will hive two faet of concrate.

" "

B - 2
the alls;

1 a) Calculate the dose sgquivalent rate "coming through
#~2 “he percentage Jdue o9 ga ma radiatian.

5 b) Discuss the adaquacy of the overall shiclding design. Co
you foresee Uny problems?

1 ¢) ‘that 2dditicnal radiaticn problems would Se asscciated with
the operation of this facility.

State any assumpticns you make that affect your answers, ind support
your discussion with calculations where acpropriate.

Given: Figure {(attached)

QF = 7.5
fngev 12 »/cmi-sac = 2.5 mram/h i
' neutron | dsorptis fficient in crdinary cgncrete = 0.07 ¢
neutrong | "€Utron OE absorption coe t ary ¢

.includes neutron buildup)

-28- { 3L
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ACKR Examination 418 - Part II -4-

Question #8

You are a health physicist at an accelerator facility and are asked to
participate in the design of shielding required for a new avperinental
beam. The information you are given is:
; Accalerator - electron LINAC for industrial radiegraphy
2eam energy - 25 MeV
' Peak current - 1 zmp
Beam pulse width - 2 usec
Pulse repetition rate - 250 2ulses/sec

The electron beam is %o be tet 30° with a radius of
curvature of 10 cm,
7oint Value

| 4 1. where would one axpect to find significant radiation sources
| within Lhe machine? rhat types of radiation will you cansidar
under:

a) normal oparating conditions,

b) a failure in scme portion of *he Beam transgort
systam at the Lang?

2 2. Qualitatively, what would your shield design be at the Send
and why?

3. Ycu are told that the continrurus Seam loss in =he bend will e
less than 0.1% and that the i terlock systems will reliadly turn
off the team within 2 pulzas if any failure occurs in tha Ssam
transport ssstem.

3 a) Would you consider the continuous beam lass or the
failure situation to be the limiting case for determining
shielding? State any assumptions and a1l comsidcraticns.

1 b) Is it necessary to consider activation of machine parts
when designing the shield? Why or why not?

-30-
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AZHP Examination 418 - Part II -5-

Question #9

A radiochemistry laboratory in a facility consists of a high leval lap,

Point Yalue a low level lab, and a counting room all in one complex.

Discuss the design of the air supply and exhaust system for this
complex. Include such things as air flow paths, flow rites,
filtration, air treatment, placeient of exhaust fans, atc,

Give reasons to justify cach of your design recormendations.

Discuss your recommendations for the drain system ‘n this ca-plex.
Include such things as appropriataness of segrag.ted driins
recommended materials of construction, routing, trips, etc.

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

has a raduaste treatment ccmplex.)

Olscuss your recommendations for flocr and wall coatings.
|

Question #10

Give an explination of why the following are examples of situations
in which charged particle equilibiium (CPE) conditions do not exist:

faint Ya'lue

R

P R — —

TR TSS——

3-1/3 a. an air-tissua bSoundary,

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

3-1/3 c. a 10 MeV photon heam in air incident upon an air-cquivalant
dosimeter.



Point Value

ABHP EXAMINATION #19
July 14, 1975

Pa | -« Answer an ven

Total Time: 4 hours

Question #1

A serious accident has resulted in the dispersal of reactor-gra.e plutenium
dioxide on a busy interstate highway. You have survey instrurents from
which you can estimate the average piutonium activity per unit area of
contaminated surface. As the health physicist on the smergency response
team, you are asked to establiish an exciusion zone to limit public access
during cleanup operations.

3)

b)

Brief.y discuss the health physics considerations which you would use
in establishing a maximum contamination level at the exclusion zone
barricades immediately post-accident, and during cleanup.

Wnat health physics considerations would bear on the establishment
of an acceptable residual contamination level for long-term pudlic
access after eleanup?

Question <2

Maximum Permissible Concentrations ir air of many insoluble radiocactive
isotopes as recormended by the [CRP, NCRP, and codified in 10 CFR Part 20
of the Coce of Federal Regulations, are based on the assumption that the
material is uniformly ceposited in the lung, and tnat there is a uniform
distribution of energy per gram of lung tissue.

a)

b)

c)

Is this a reascnable assumption with regard to large numbers of beta
and gamma emit*ing particles? uhy?

Is this a3 reasonable assumption with regard to alpha emitting particulatas
such as 23%y? uhy?

Would you expect the assumption of uniform distribution of particulates

and energy in tne lung to result in an underestimate or overestimate
of the risk of cancer from inhalation of 23%Py? Why?

=33

/



ABHP Exam #4139 -2~

Question #3

You have just been hired as a health ph%sicfst by Acme Rad Services, Inc.,
which is planning to install an 11 kCi 80Co source for incustrial purposes.
The source pig is to be located in an existing rocm shown in Figure 1 below.
It has been previously determined that with the olanned workload of

10 h/week, the exposure rites just outside of walls A 2nd 3 are 0.17 R/yr
*.d § R/yr, respectively. Wall D is a very thick concrete wall because

of an accelerator on the far side. Wall C is a thin wallboard wall 3 Se
rebuilt of ordinary concrete.

Point Value
5 a) Using the data below and Figures 1 and 2, calculate the minimum snielding
for Wall C reguired to reduce the exposure rate on the far side %o

S R/yr. MNeglect any buila-up factors and consider oniy radiation
scattered at 390° from the cbject.

5 b) Comment on the entire installation from a nealth physics point of view.

Given:
Density of ordinary concrete: 2.35 g/cc

Ratio of 30° scattered radiation at 1 meter frem radiographed object
to incident exposure: 10-3
For 60Co: 1.3 RHM per Curie.

Energy of scattered photon e - £
1+ (E/mgc2)(1 - cosa)

nocz = rest mass energy equivalent of electron = 0.51 MeV

E = initial photon energy

Mass attenuation coefficients for ordinary concrete. (See Figure 2)
wWaLL ©
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DATA FOR QUESTION #3
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Point Value

10

ABHP Exam #19 -3-

gggggign 44

Two 1mportang reactions for thermal neutrons in tissue are ‘4N (n,p) “C
and 'H (n,y)%H. Calculate:

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

unit thermal reutron fluence (nth/cmz).

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

State any assump®ions necessary in making calculaticns.

Given:

Ny = 6.02 x 1022 atoms/g tissue
-

Niyw = 0.11 x 1022 atoms/g *issue
N

ath(‘H) = 0.33 barns Ev = 2.2 MeV
1en) =
°th( N) ¥.3 barns Ep = 0.6 MeV

1 rad = 1072 J/kg

1 MeV = 1.6 x 10713

Fraction of y energy abso-bed in body = .28
1 barn = 1072 cm?

tissue density = 1 g/cc

Question #5

You are hired as a Health Physics Consultant by a utility planning to
build a nuclear power reactor. Discuss in general terms the basic alements
of the environmental surveillance program (including rationale) for
radiation and radiocactivity you would recommend.

=38



Point Value
1

3

Point Value
205

2.5
2.5
2.5

ABHP Exam #19 g~

Question #6

It is recognized that '37Cs (T,,, = 30 y) comprises a significant fracticn
of fallout radiocactivity. Give‘ an initial background expcsure rate of
1.5 uR/hr from '37Cs in the soil: 4

a) Calculate its initial annual exposure rate centribution.

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

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

d) Discuss the other factors (in addition to external exposure) which

should e considered in evaluating the radiological significance of
137Cs fallout to the general population.

Question 7

Radwaste handling and pracessing is an important part of a power reactor
health physics program,

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

1. Liquid waste

2. Gaseous waste
2. Solid waste

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

¢) Briefly discuss at least three (3) methods for processing gaseocus wast2.

d) Briefly discuss at least three (3) methods for processing sclid waste.

Question #3

The radiation doses received during the annual outages at power reacters
contribute significantly to the total personnel dose in these facilitias,
Select either a PWR or BWR and discuss.

a) Which outage jobs are the major sources of exposure?

b) As the health physicist, what specific recommendations would you make
to r.Juce the exposure received cn the jobs listed in (a; acove?

-36- | Y3



ABHP Exam #13 o

Question #3

A graduate student was working with 10 Ci of tritium gas in a hood. As the
result of a small explosion in the tritium gas container, the container .as
ruptured and .ne front of the hood was biown out. The considerably snaken,

but otherwise uninjured student, suspected that he might have received scme
tritium uptake. He collected a urin2 sample aporoximately 15 minutes following
the incident and submitted it to the Radiation Safety Officer (RS0). The RSO
requested that the student submit another urine sample in 2 hours. The

analysis of this second urine sample indicated a tritium concentration of

Point Value 2 mCi/i.

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

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

4 ¢) What would the student's average daily liguid intake have to be to
reduce the integrated dcse equivalent to 2.5 rem.

2 d) 17 you were the RSO would you recommend to the student the increasad
fluid intake necessary to reduce nis dose equivalent to 2.5 rem.

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

QF for trétium = 1

Energy of tritium beta: Em‘x = 18 keV, Eave = 5.6 keV
1ev=1.6x10"'? joules

1 rad = 10-2 J/kg

Question #10

University research operations often utilize a variety of radiation sources,
such as large fixed gam . sources, X-ray machines, nuclear reactors, cartic]
accelerators, neutron sources, and unsealed radioisotope sources. Gcach of
these radiation sources must be installed and used so as to minimize the
radiation dose to individuals. Considering the basic principles for reducing
personne! dose, 2iscuss which methed(s) you would emphasize in each of the

Point Value following cases. EZxplain your reasons in each case.

-

3-1/3 a) 50 mCi of 32P used in a biochemical labeling experiment.
3-1/3 b) 5000 Ci of 59Co as a sealed source used for radiation damage studies.
3-1/3 ¢) A one time transfer of 1 mg of 252Cf as a sealed source from its

shipping centainer to a large experimental water tank.

U4
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2
8

ABHP Exam #13 -6-

Question #11

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

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

b) For each interaction process listed in part (a), describe a neutron
detector based on that interaction praocess. B8riefly discuss the
application of 2ach detector in measuring neutrons arcund an accelerator.

Question #12

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

an electron accalerator for the unique applicaticn of excavating rock.

Two alternative designs are orcposed, one procucing an energy of 2 MaY
with an average beana current of 3 amps, the other using a beam energy

of 10 eV with the sare avarage beam power, There is no differenc2 in tne
efficiency of eitner accelerator in excavation; they may be manufacturea
at the same coct,

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

b) Calculate the*maximum radiaticn level at the surface of the ground
when a 2 MeV, 10 MW accelerator is operating 2 meters underground.

s The forward Bremsstrahlung intensity, I, produce. by an electron
beam impinging on a thick target is given by:
I (watts cm "2 per amp at 1 meter) = 5.0x10-2 T(T+0.51)2 1n (950 R/xoj
T = Electreon energy in MeV
(Rock may be assumed identical to aluminum in its atomic propertias.)
R = range of 2 MeV electrons in Al = 0.95 gm cm =2

X, * radiation length of Al = 26.3 gm cm =2

Assume 10% photons ¢m *2 sec "t = 1 yem h-i,

1 MeV = 1.6 x 10-!2 joules

1 joule/sec = 1 watt

Attenuation coefficient of photons in rock = 0.15 em~!
Assume a buildup factor of 2.




Point Value

10

Point Yalue

10

ABHP Exam #19 -7-

Question £13

A patient is to be given a 200 mCi !31] oral therapeutic dose (as iodide)
for an inoperadle thyroid metastasis. The thyroid has been surgically
removed during a previous hospitalization. Briefly discuss the health
physics aspects of the aose acministration and the following hospitalizaticn
of the patient.

Question #14

The plan below (Figure 3) shows a proposed 5%Co taletherapy installation.
The useful beam can be directed cnly at the floor and at wall BC.

a) Using the attached table, specify the concrete shielding required for
Point 2 and any three (3) of the others snown for a workload, W, of
120,000 R/veek at one meter. List and axplain all assumptions used
in arriving at the snielding specified.

(D) STREET
A t 8
Attended :
10
Elevator ®\7. l
“~ LAV
' G P 14 @
Cressing ® X4 '
Room B o'
e 1 e

20"

Tean® ! T\
Corridor IOFOMQ 6 \ ¢

1 ® \ Emergency

Exit

Business Qffice

FIGURE 3
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Tasee 21=Cobait-60 shielding requirements for controlled uc”-a

- Distancs ia Foot Liom Source to Occupiad Aren
120,000 8|7 {10 1 2 2560l
60, 000 5| 71011420, 25/ 40
30,000 8| 7]10|14{20|28|40
15,000 8| 711014202840
7,%0 S| 7{10{1420,2548
3,750 $) 7110142238
1,875 ‘ S| 7{10{14}20
950 S| 710114
475 §{ 7110
240 5| 1
120 5
R | o tmre®
.‘:&n E7L | TVL Thickaess of Conciete (n laches
Isctas ol I3s3as of
Coacrete| Cozcree:
Primary 2.48 | 8.1 |49, 016'&4 Hl 7'.3 3654&3319"3 -l' C’l
Secondary I !
Lcskuod I
0.1% 2.45 | 8.15 24.622.1119.7i17.3.14.8,12.4'3.30! 7.3} 5.0i 2.G! 0.2
0.05%- | 2.45 | 8.15 22.110.7 1'.3.14.5,1:.4l 9.917.5 5.0/ 2.6 0.2 0
Scatter @ ’ l L1 ] 0 i !
30* 2.4 8.0 [32.720.3,27.9'25.5.73.1'20.7/18.2{15.5613.8'11.11 8.7
45° 233 | 7.8 130.6:25.2:25.9:23.6:21.2/18.8:16.414.2:11.8: 0.4/ 7.1
60* 2.27 | 7.58 [27.8'25.523.221.018.7118.4114.2 104! 9.8{ 741 5.1
90* 1.82 | 6.05 |21.3119.4/17.7115.5:14.012.210.4! 8.5! 8.7| 4.8} 3.1
120° 1.72 | 8.7 118 0'16.3::4.542.5'“.1] 9‘4' 7.7| 5.0} i2 2.5% 0.5
i L) 1 ¥ i
aFor a weekly desiga level of 100 mR; add one tenth.value layer ('V'L) for

regions in the environs to reducs racistinn to 10 mil/ week.

bW —workload in RU/week at I m, U—use factor, T—occunaney (actor.

C Thicknessy based on concrete dersity of 2.35 g/em?® (147 1b/Mud).

d Refers to leakaze radistion {rom source nousing when source in “ON"* condi-
tion; may be ignored if less than 25 mD/h at 1 m.

@For large feld (20 em) and a source to skin distance of 40 to 60 ¢m. This in-
eludes scattering from the collimator and {rom the phantom [3].

-40-
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3-1/3
3-1/3
3-1/3

ABHP Exam #19 -8-

Question #15

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

a) wuranium
b) plutonium
¢) fission products

Assume that maintenance work must be doune on a pump in each of these streams.
Briefly discuss the health physics precautions which must be taken feor the
work on each stream.

Question €16

One area of a fuel reprocessing plant is made up of the fiv2 rooms shown

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

He gives you the attached sketch and the following information:

a) The ventilaticn supply and exhaust for this area will service only
the five rooms snhown.

b) Each room will have its own supply and exhaust duct and any volume
of air can be supplied to and exhausted from any roor. (The facility
engineer will design the pressure drcp Detween areas s0 the proper
air flow patterns will exist when docrs are opened.)

c) It is felt that the NRC will agree to waive the Reg. Guide 3.12
requirement for rougning filters on the exihaust of eacn rocm it their
absence will permit a singi2 alpha constant air menitor to sarvice
the entire area and detect 1 x MPC within 4 hours if it occurs in any
one of the five rooms.

d) Pu-239 is the limiting radionuclide (¥PC, for 2%y is 2 10712 L¢isee)

e) The design criteria states that each of the five rooms must have at
least 5 air changes per hour.

f) Ceiling heignts:
Crane and Equipment Maintenance Area = 20'
Product Container Storage Area and the

Plutonium Loadout Qperating Station = 14'
Air Lock and Corridor = 12'

-4]-
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ABHP Exam #19 ~§-

In checking various alpha constant air monitors, the one you have decided
to recommend uses a kinetic impactor system with a step advance tape.
This monitor has the following specifications:

..
b.
c.

d.
e.

Nominal flow rate = 20 c¢fm

Detector efficiency = 30%

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

Normal background on the monitor is 10 cpm.

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

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

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

-42-
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ABHP EXAMINATION #20

June 28, 1378

Part I! - Answer any seven

Total Time: 4 hours

Question #1

The transportation and disposal of radicactive waste have received
considersdie attenticn in recent years.

a) Discuss the environmental impact of accidents invelving the trans-
portation of radicactive waste. Include in the discussion the
relation of transportation requlations to the environmental effects
of accidents.

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

-

guestisn #2

Electron capture detectors for cas chromatographs use tritium or 3y

foils in the cells. Release rates for each, at their normal operating
temperatures, are 10 uCi/min and 10 nCi/min, respectively. One of each
type is located in a rcom 8m x &m 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 scluble.

A fan in the room provides reasonatly complets2 mixing. The ventilation
system, which exhausts the room air directly to the outdoors, provides
three air changes per hour.

g 83

a) Uhat are the average room concentrations of tritium an it at

ecuilibrium when the gas chro—atographs are operating?

b) OJiscuss the health physics pregram that you would recormend for this

oneration.
Data: MPC (air) (.Ci/m1)
Controlled Arsa ' Uncontrolled Area
Tritium (as HTO or T,0) 5x10°8 2x10~7
63 2 -8 -9
Hi (S) 6x10 2x10
(1) 3x10”7 1x10°8

|
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ggestion 3

A radisgrapher installed x-ray film around 2 pipe weld prior to inserting
a sealed source of gamma rad‘a:.on into the pipe as part of the inspection
procedure. After completion of the film installation, it was discovered
that he had been exposed from .ﬂe back to the source which had not been
fully retracted into its shield.

The radiographer's dosimeter was processed and he described and re-enacted
(the source having been remcved) the installaticon of the film. [t was found
that he wore his dosimeter naar the midline of his chest about 22 ¢m abova
his beit; the source was at the level of his belt, in line with the midline
of his back, and at a distance of 12 cm from the surface of his back; and the
dose equivalent at the lccation of his dosimeter was 0.1 rem for the duration
of this exposure.

a) Calculate the maximum dose equivalent at the surface of his back given
the following: the HVL for the radiation in any tissue in this casa is
5 cm; neglect any cther effect of scattering or buildup and any attenuation
by air or clothing; the radiaticn at any point considered is in equilibrium
with soft tissue; the radiographer's torso is assumed to be a slab of
soft tissue, 25 cm thick ana 35 cm wide; and the sourca is a point sourca.

b) List the corrective measurss wnich you would institute to prevent a
recurrance of this incident.

Question 24

The following average 1ife span data on a large group of young adult rass
that survived early mortality [more than 30 days) was collected using
cobalt-60 gamma radiation delivared in single acute doses.

Dose (rads) Life Span (days)
15 397
70 980
150 939
300 832
425 827
550 780
650 739
The control (unirradiated) rat lifespan was 1000 days. The dose leading
to 507 mort 311./ (LCsp.30) in 2 third group of previously unirradiated rats

was 700 rads.

(Continued on next nage)
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3 a) Estimate the average life-span shortening due to acute “~Co irradiation
for rats in days per rad.

3 b) Determine an equaticn for the life-span as a function of garma dose.
Express the 1ife-span as nercent of control 1ifespan. iake the
equition as simple as possible that fits the data approximately.

3 ¢) Assuming that equal fractions of the LDgp.3g for the different species
of marmals produce the same percentage ?1fespan loss, estimate the
Tife-shertening effect in years in man from a single acute dcse of 100
rads. The LDgg.3g for man in this case is 300 rads at the midline.
The 1ife expccgancy is 70 years for unirradiated humans.

As the Health Physicist at a large university you have been asked to set up
an in-house biocassay program to monitor biology and chemistry research
workers who at various times work with up to the following quantities of

radioisotopes.
Quantity and Isotope Half-Life for Critical Oraqan
2 Ci of 3 Te = 10 days
200 mCi o* 2p T, = 14 days
100 mCi of '%c T, = 12 days
50 mCi of '%°; T, * 42 days

Your previous experience at this university indicates that 39% of tne bisassay
results are less than 1 investigaticn level (as defined by the ICRP), .

“zint Value Discuss your recommendations and reasons for the follewing points.
B a) What type of bioassay would you recommend for ez:- radioisctope? (8icassay
includes any method used to evaluate internal desosition of radionuclides)
Assume you have access to any type of counter desired.

3 b) Discuss the rationale for the routine bicassay frequency you would
recommend for each radioisotope.

3 c) What calibration methods would you recommend for each type of bioassay
analysis you choose?

Bow
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A biologist wearing a labcoat but no gloves was homegenizing a cell culture
containing 50 mCi of 32P-phosphate. The tube shattared and uniformiy
contaminated both of his hands. After three scrubbings with detergent, you
measurad the non-removable activity with a 5 ¢m diameter detector at contact
to be 1.5x10° cpom anywhere on either hand. The workar is now on his way

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

1) From Radiological Health Handbock

EQ for 32p = 0.69 MeV, T 1/2 = 14.3 day, maximum range of 8 in tissue = 320 mz,

Standard man: epidermis 500 gm
dermis 4300 gm
skin area 13000 cmé

Aszume that the thickness of the e, idermis and dermis is uniform over tha
body.

2) From your files

Total detector efficiency (including geometry) = 3.0%

Effective removal half-1ife for 3 pravious 32P-phosphate hand contaminaticn
incidents was 2.7 days.

f

3) From Radiation Oosimetrv (Hine and 2rownell)

For a 8~ source on an infinite thin plane inside a uniform absorbing
material the dose at point (x) is:

D(x) = 2.66 x 1070 Fao fc[ (1+1n€7)-exp(1 - %] +exp(1-vx)}

¢

expression in brackets[] z0 if x > 1

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

Es = avg. 3 energy in eV

o = dm/cmz
v = 9.2 cmz/gm tissue
c = ]

a) Calculate the maximum dose to the dermis and the subcutaneocus tissue.

b) How do these calculated doses compare to maximum permissible doses for
these tissues?

¢) lhat recormendations would you make to the physician regarding initial and
follcw-up treatment pracedures?

~§6-
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guistion 7

In a power reactor, failed fuel cladding results in significant gaseous
activity being released from the fuel and possibly from the plant. Sinze
this gaseous activity can produce health physics problems bdoth in the 2lant
and in the environs around the plant, it is important £o recognize tha: a
cladding failure exists and to identify the suspect assembly or asserblies
so that they can be removed from the reactor.

a) What is usually the first indication that a fuel cladding failure has
occurred in a PUR? In a BUR?

b) If this first indication is questionable, what can be done to verify
or refute the indication?

c) 4hat actions can be takan while operating to aooroximately locate the
suspect fuel?

d) Once the reactor is shut down, the fuel can be"sipped"to detarmine the
condition of each assembly. There are three general'sipping”techniques
used. ODescribe each of these tachnigues, describe the activities
measured to evaluate the fuel, and give the adviantages and disadvantagas
of each method.

Question 28

A demineralizer ¢n the orimary system of a powar reiactor is arﬂcessfn; 2 flow

of 600 1/min. The long-lived isotopes ramoved by :n2 demineralizer ars
analyzed to be:

uCi/ml
60¢, a.3x107%
S4in 3.2x10°4
‘37cs 3.2x10-2

a) If the demineralizer has been on-line for 180 days, what is the total
activity of these ra ionuclides which is built up con the demineralizer?

b) Assuining that the demineralizer approximates a point scurce at thras meters,
what radiation level would you expect to measure at three meters from the
demineralizer after it nas been isolated for four weeks?

Data:

Radionuclide Halflife  Beta Radiaticn (Mev)  Gamma Radiasion [l'sv)

§0¢4 §.26y  1.48(0.12%), 0.314(99%) 1. 7(1no~ . 1.32(103%)
54i1n 3N3d o 835(10 )
137¢s 30.2y 1.176(7%) 0.56(25%

-47 - ‘\ ‘ 1:
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tion 49

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

Discuss:

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

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

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

Question #10

The concentration of 225§a in the atmesphere at a particular lccation has
beegageasured to be 10°18 ,Ci/cc on the average. The average concentraticn
of ¢<SRa in the soil at this location is 2.2 dpm/g and it is approximasely
uniformly distributed in the soil. The density of the soil is 2 g/cc.

a) Assuming a resuspens}on factor of 5x10°7 m-1, what is the resuspendable
26Ra activity per me?

b) lihat {s the effective thickness of the resuspendable Tayer of sofl?

¢) Assuming an adult innales 225Ra at the concentration measured at :nis
lozation for 30 years, what would Se the total integrated dose equi-
valent to the bone at the end of the 30 year period?
Given: Breathing rate = 2x107 cc/day
Fraction of 225Ra inhaled reaching the bone is 0.2
Tg for removal of 220Ra from bone = 1.6x10% days
Dose equivalent rate to bone from 22523 = 0.3 rem/day-.Ci

-48-
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stion #11

You are hired as a consultant to specify the required protective shiziding
for a general purpose radiographic/fluoroscopic examination room that has
the fcllowing lay-out:

Fall Vertical
il

A 10C k¥p x-ray generator acuipped for image intansified flucroscopy is

to be installed in this facility. The patient load will be approximazaly

20 per day, 5 days per week. The average number of films per patient is 2

with an averzge of 100 mAsec per film. The normal tuhe head %o wall

distance is 2 meters. The hall on the other side of “all A is considared
IPE a controlied area.

- £ ™~ *
reins +2

U

a) Calculate the required primary protective barrier thickness for wall A
using the shielding information given in the acccompanying figure.

b) Following completicn of this facility a radiaticn protection survay
shows the axposure rate in the hall opposita the vertical 3ucky %2 be
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