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ITEM 5

RADIOACTIVE MATERIAL

A

System #1 (for radiography)

I. Sealed Source
Ir-192, Gamma Industries, Inc., Model A-2-A
Maximum Activity Per Source: 100 Curies
2. Exposure Device
Gamma Industries, Inc., Model Century S
3. Source Changer
Gamma Industries, Inc., Model C-10

System #2 (for radiography

1.  Sealed Source
Ir-192, Tech/Ops, Model A-424-9
Maximum Activity Per Source: 100 Curies
2. Exposure Device
Tech/Ops Model 640
3. Source Changer
Tech/Ops Model 650

System #3 (for radiography)

l. Sealed Source
Ir-192, Gamma Industries, Inc. Model A-2-A
Maximum Activity Per Source: 100 Curies
2. Exposure Device
Gamma Industries, Inc. Model Century S, Modified by removal of
standard lockbox assembly and installation of CENT/35 5A lockbox
assembly (part no. 8111001107)
3. Source Changer
Gamma Industries, Inc. Model C-10

System #4 (for radiography)

1. Sealed Source
Ir-192, Source Production & Equipment Co., Model G-1
Maximum Activity Per Source: 100 Curies
2. Exposure Device
Gamma Industries, Inc. Model Century S
3. Source Changer
Source Producticn & Equipment Co., Model C-1

System #5 (for radiography)

l. Sealed Source
Ir-192, Source Production & Equipment Co., Model G-3
Maximum Activity Per Source: 100 Curies
2. Exposure Device
Gamma Industries, Irc. Model Century S, Modified by removal of
standard lockbox assembly and installation of CENT/35 5A lockbox
assembly (part no. 8111001107)
3. Source Changer
Source Production & Equipment Co., Model C-1



ITEM 5 (continued)

F. System #6 (for radiography)

Sealed Source

Co-60, Gamma Industries, Inc., Model A-8-A
Maximum Activity Per Source: 100 Curies
Exposure Dr vice

Tech/Ops Model Gammatron 100

Source Changer

Gamma Industries, Inc., Model C-8

G. System #7 (for dosimeter calibration)

l.

Sealed Source

Ce-137, Victoreen Corp., No Model number
Maximum Activity Per Source: 10 Microcuries
Exposure Device

The source is an integral part of Victoreen Corp.

Assembly 541-205

Page 2 of 2
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ITEM §

PURPOSE(S) FOR WHICH LICENSED MATERIAL WILL BE USED

A. Systems #1, #2, #3, #4, #5 and #6 will be used for industi ial radiography
(source changers will be used for source exchange).

B. System #7 will be used for dosimeter calibration
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ITEM 7 INDIVIDUALS RESPONSIBLE FOR RADIATION
SAFETY PROGRAM AND THEIR TRAINING
AND EXPERIENCE

ATTACHMENT éH

7.0 OVERALL ORGANIZATION STRUCTURE

7.1 Calumet Testing Services, Inc. Management Philosophy on th¢ Saofe Use of
Radiographic Materials in the Radiography Program.

The policy making management of CTS is completely dedicated to the
philosophy that the maintenance of o safe radiography program is in the
best interest of CTS. We are prepared to follow all NRC regulations
that will insure the health and safety of all CTS employees, customer
employees, and the general public at all times.

7.2 Below is a description of our organizational structure as it pertains to our
radiography program. Included, you will find the names of CTS employees,
their titles and qualifications, along with the authority and responsibilities
they have been delegated for maintaining a safe radiography program.

7.2.1 Robert J. Vidimos, President of Calumet Testing Services, Inc.
assumes complete responsibility and authority over all personnel
and functions that relate to the radiography program and its safe
implementation. He has the sole responsibility of delegating the
authority and responsibility to lower management individuals for
maintaining active management control of the radiation protection
program and radiography operations.

7.2.2 Thomas J. Keilman is assigned the Title and Responsibility of the
RADIATION SACETY CONTROL DIRECTOR of CTS and will be
responsible for maintaining active management control of the safe
implementation of the radiography program.

His resumée is attached to this section.

He is completely familiar with ail the equipment used and function
carried out within the CTS radiography program. He has a thorough
knowledge of management policies and CTS's administrative and
operating procedures, and hos a full understanding of radiation
protection and control methods. His specific duties include:

1. Developing and maintaining up-to-date operating and emergency
procedures.

2. Establishing and maintaining a personnel monitoring program.

3. Establishing and conducting the training program for radiographers
ond radiographer assistants.

4. Examining and determining competence of radiographic personnel.
5. Establishing and maintaining the leak testing program.

é. Establishing and maintaining the licensee's record-keeping system.

BONTROLNO. T9R 7 B
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ITEM 7 (continued)

7. Reviewing ond ensuring maintenance of those records kept by
others.

8. Assuming -ontrol and instituting corrective action in emergency
situations.

9. Investigating the cause of incidents and determining necessary
preventive action.

10. Establishing a procedure for evaluating and reporting defects and
noncomplionce pursuant to 10 CFR Part 21,

7.2.3 John Korienek, Nondestructive Testing Manager, is assigned the Title
and responsibility of RADIATION SAFETY OFFICER and be answerable
to the Radiation Safety Control Director on matters of radiation
safety. His resume' is attached to this section.

He is completely familiar with all the equipment used and functions
carried out in the CTS radiography program. He has a thorough
knowledge of management policies and CTS's administrative and
operating procedures and has a full understanding of radiation
protection and control methods. In the absense of the Radiation
Safety Control Director, he will take over his duties: His specific
responsibilities are:

1. Maintaining control of procurement and disposal of licensed
material.

Procuring and maintaining radiation survey instruments.
3. Establishing and maintaining storage facilities.

4. Maintaining exposure devices, radiography facilities, and
associated equipment.

5. Performing source replacement an. source tagging operations.
6. Conducting guerterly inventories and maintaining utilization logs.

The responsibility of maintaining records as they pertain to the absve
functions can be developed to a responsible individual, bi:t the
ultimate responsibility that such records are being maintained is

that of the Radiation Safety Officer.

7.2.4 Mr. Alon J. Meyer of CTS, will serve as the Internal Auditor of
the Radiation Safety Program.

His specific responsibility will be to direct the quarterly internal
inspection. He will preside at the quarterly meeting of the Internal
Inspection Committee, which will be attended by the President of CTS,
p Radiation Safety Control Director and the Radiation Safety Officer.

B B - S R @ T TR E B E B B Y B B B e
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ITEM 7 (continued)

7.2.5 All RADIOGRAPHERS working under CTS's license will be held
responsible by CTS management for following established procedures
for using, storing and shipping radioactive materio's, inspection
testing, quality control, record keeping and handli g equipment.

They will also be held responsible for the tasks performed by assistant
radiographers under their supervision.

Evaluation of their performance and adherence to rules concerning
radiation safety and record keeping will be evaluated by the Radiation
Safety Control Director and Radiation Safety Officer. If corrective
counseling is needed a meeting will be set-up between the radiographer
and the Radiation Safety Officer. If the problem is not resolved, the
matter can be token to the Radiation Safety Control Director and to
the President of Calumet Testing Services, Inc.
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RESUME'
OF
THOMAS J. KEILMAN

4/1982 - Present Calumet Testing Services, Incorporated, Griffith, Indiana

Quality Engineer:  Responsible for development of special techniques, monitoring

special process procedures associated with technical operations, soil testing, concrete
testing and asphalt testing. Dutles include ossisting the President and Vice-President,
auditing internal programs and performing examinations, inspections and tests. Note |

4/1975 - 4/1982 Midstate Testing Laboratory, Incorporated, Hommond, Indiana

Chief Engineer/Radiation Safety Officer:  Responsible for technical activities
of o commercial laboratory involved in examination, inspection and testing associated
with the construction industry. Duties included scheduling, cost estimates, consulting,

purchasing and employment, training, and certifying technical personnel. Experienced
with AWS, ASME and ANSI code requirements. Note 2

9/1973 - 4/1975 Westenhoff and Novick Consulting Engineers, Chicago, Illinois

Project Manager:  Responsible for supervision of small to medium size projects
involving the design of transportation structures. Served as consultant to management
in matters related to welding, NDE and fabrication. Dutles included development

of concepts, costs, specifications and proposals. Experienced with ACI, AASHTO,
DOT and state highway codes.

6/1943 - 9/1973 Allied Structural Steel Company, Hammond, Indiana

Chief Designer/Welding Engineer:  Responsible for executing structural designs
and supervision of associated inspection and detailing activities; alsc responsible
for development ofwelding/NDE procedures related to fabrication of steel structures.

Duties included estimating, NDE (UT, PT, MT), training, programming applications
and technical Interface with clients.

Note 1: Qualified as Radiographer 4-14-82
Note 2: Qualified as Radiographer 1975
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ITEM 7 (continued)

Formal

Certifications

Professioncl License

Continuing Education

Metals and Their Weldability

Arc Welding Design

Application and Reliability

of Welding
Basic Ultrasonic Testing
Basic Ultrasonic Testing

Ultrasonic Weld Inspection

Ultrasonics

Gas Shielded Welding
Processes

Fundamentals of Welding
Industrial Radiogrophy
Radiography Techniques
Bridge Maintenance
Magnetic Particle and
Penetrant Tests

Concrete For Nuclear
Containment Vessels
Radiation Safety
Magnetic Particle Testing
Penetrant Testing
Ultrasonic Testing
Penetrant Testing
Magnetic Particle Testing

Page 5 of 7
9-23-85
EDUCATION

Northwestern University, Evanston, Illinois
BS/MS Civil Engineering
Purdue University Calumet, Hammond, Indiana
Degree Candidate, Information Systems & Computer

Programming

Columet Testing Services Level Il

RT, PT, MT, UT, VE Examination Methods
AWS Certified Weld Inspector

Certificate No. 80050171

Professional Engineer,
State of Indiana
Registration No. 15738

é Hrs. 10-63 AWS Chicago Section

40 Hrs. 04-44 Lincoln Electric Company

é Hrs. 11-44 AWS Chicago Section

40 Hrs. Krautkramer Ultrasonics

8 Hrs. 10-65 American Bridge, U.S. Steel

0 Vlrs. 10-66 Magnaflux Cerporation

8 Hrs. 11-67 ASNT Chicago Section

8 Hrs. 02-48 AWS School of Welding
Technology

80 Hrs.  06-68 Ohio State University

40 Hrs. 01-72 Louvisiona State University

40 Hrs. 01-72 Louisiana State University

16 Hres. 02-75 University of Wisconsin

9 Hrs. 04-77 ASNT Chicago Section

16 Hrs. 1975 ACI/ASME

8 Hrs. 03-78 USNRC Region Il

8 Hrs. 03-73 Allied Structural Steel Co.

8 Hrs. 03-73 Allied Structural Steel Co.

12 Hrs. 05-75 George Kenny, Consultent

é Hrs. 05-75 George Kenny, Consultant

3 Hrs. 05-75

George Kenny, Consultant

e
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Calumet Testing Services, Inc.

Mail to: P.O. Box 1510 ... Highland, Indiana 46322
Main Location: 1945 N. Griffith Bivd. ... Griffith, Indiana 46319
(219)923-9800...(312)474-5860 ... (B15) 722-0878

ITEM 7 (continued)

TECHNICAL RESUME
of
JOHN KORIENEK

Calumet Testing Services, Inc.
Griffith, Indiono

4/1983 - Present Nondestructive Testing Manager

Responsible for directing up to 25 laboratory and field technicians and inspectors.
Duties include scheduling, cost estimates, customer relations and resolving
quality problems. Other responsibilities include training of technicians,

developing special testing techniques, maintaining quality assurance and test
records.

11/80 - 4/83 - Assistant NDT Manager

Responsible for supervising test technicians on a project basis at nuclear and
fossil generating plants and at oil, chemical and steel mill construction sites.
Duties included maintaining radiction safety records and equipment as directed
by the Radiation Safety Officer. Also responsible for designating particular
test methods, techniques and procedure to be used.

9/1976 - 11/80 - NDT Level Il Technician

Responsible for setting up and calibrating equipment to perform radiography,
vltrasonics, magnetic particle and liquid penetrant test methods. Duties
included interpreting and evaluating tests with respect to applicable codes,
standords, specifications and reporting the results.

Note: Qualified As Radiographer 11-11-77
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ITEM 7 (continued)

EDUCATION
FORMAL
Graduate of rAendel Catholic High School
Chicago, lllincis 1974
CERTIFICATIONS

ASNT, SNT-TC-1A Level II - Radiography, Ultrasonics,
Magnetic Fa-ticle, Liquid Penetrant and Visual
Exominations Methods

FORMAL NDT TRANING

Sparion School of Aeronautics
Tulsa, Ohlahoma  4/26/76
Industric! Testing % Inspection Technician Course

Subject

T1-1  Introduction to Nondestructive Testing
orx' Inspection

T1-2 Basic Nondestructive Testing Methods
T1-2  Radiegraphy

T1-4 Electronic Testing Methods

T1-5 Evaluation and Critique

Magnaflux Corporation
Chicaojo, Illinois

Basic Ultrasonic Testing
RADIATION SAFETY

Snartan School of Aeronautics, Tulsa, Oklahoma
10CFR 34 Appendix A 4/26/76

Gamma Industries, Baton Rouge, Louisiana
Isotope Radiography Training 8/12/77

CONTINUVING EDUCATION

Magnetic Pirticle and
Liquid Poanv:trant ASNT - Chicago Section 5/78

Heat Treating Exomet Corp., Conneaut, Ohio 2/79
PIROFESSIONAL SOCIETIES

Member - American Society of Nondestructive Testing

Page 7 of 7
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Hours
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60
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16
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TRAINING FOR INDIVIDUALS WORKING
IN OR FREQUENTING RESTRICTED AREAS

ATTACHMENT éF
CALUMET TESTING SERVICES, INC. RADIOGRAPHY TRAINING PROGRAM

5.1  CTS Management Philosphy on, and the goals of the Radiography
Training Program.

The management of CTS feels that a total in-house radiography training
program of their radiographers and assistant radiographers would be a
benefit to the Company. It would assure CTS that competent personnel
are on hand at all times performing safe and quality work. Because of this
desire, CTS management has implemented the radiography training program
found in this section.

The goal of the radiography training program is to provide training to
radiographer trainees and assistant radiographer trainees on the subjects

of radiography techniques, operating procedures, emergency procedures,
radiation safety, the use of CTS equipment, and the regulations governing
industrial radiography. A system of testing and evaluation has been
established where by the trainees have to demonstrate a working knowledge
and understanding of the information presented before they can take on

the duties of a radiographer or assistant radiogragher.

Radiography Training Program Personnel

The responsibility of carrying out the training program has )een given to
Thomas J. Keilman Radiation Safety Control Director of CTS. His
resume' can be found as an attachment to Section 7.0 of this application
(Overall Organization Structure). Under Mr. Keilman's direction
radiographers and assistant radiographers will be trained, evaluated, and
monitored in compliance with 10 CFR Parts 34.11 B, 34.31, and 34
Appendix A.

The total program will contain the t-aining of radiograpiots and assistant
radiographers, the orientation and testing of newly hired expeiienced

radiographers, and the continuing educatior. and review of all radiography
personnel.

The training program faculty will be made up of Thomas J. Keilman,
John Korienek, Alan J. Meyer and any other qualified individuals who may
be required be required for training personnel.

Only documented outside training programs or training hours which are
approved by the Radiation Sofety Control Director may be used to meet
CTS radiographer training outline requirements.
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5.3 Radiography Training Program

3.3.1

Prerequisites for selection as an Assistant Radiographer

The goal of the Assistant Radiographer Training Program is for the
individual to observe radiographic procedures and the sofe operation
of equipment. At no time may the trainee assume the responsibilities
or duties of a Radiographer or Assistont Radiographer. The Trainee
may assist in roping off areas, posting signs, positioning film, etc.

for a period of at least one week.

Individuals considered for Assistant Radiographer shall have sufficient
education to ensure and understanding of radiographic principles and
procedures. Completion of grammar school (8th grade) shall be
considered to meet minimal formal education requirements. In
addition, the individual shall receive a far distance vision test to
ensure proper surveillance of radiation areas.

Assistant Radiographer Training Program

The goal of the Assistant Radiographer t:aining program will be to
train individuals to competently and safely assist the radiographer.
To do this the trainee must demonstrate working knowledge gained

in the training program through oral and written examinations in
these areas listed below.

CTS Operating Procedures

Emergency Procedures

Radiation Safety Procedures

The Use ond Care of Survey Instruments

The Daily Inspection of Exposure Devices

The Preparation and Loading of Exposure Devices
The Set-up and Operation of Exposure Devices

The Unloading of Exposure Devices and the Storage
of Sealed Sources

Case Histories of Radiography Events

1.
r A
3.
4,
- 8
é.
7.
8.

o

The trainee will aslo have to demonstrate his hands-on working
knowledge of CTS equipment and facilities.

Classroom Lectures

Sixteen hours of classroom lecture will be required on the nine
areas listed in Section 5.3.2 above. See Appendix RAT-A for
lecture outline and Appendix RAT-B for an example of the
hand outs that the trainee will use.

Hands-On Demonstration
Six hours will be devoted to demonstration of the use of facilities

along with hands-on experience for the trainee with close
supervision in the areas of: the use ond care of survey Instruments;

BONTROLNO. 7987 B
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5.3 Radiography Training Program (Cont'd)

3.3.2.2 the daily inspecticn of exposure devices; the preparation and loading
of expos 're devices; the set-up and operation of exposure devices,
and the unloading of exposure devices, and the storing of sealed
sources. See Appendix RT-C as an example of the type of handout
that will be given the troinee.

Testing and Evaluation of Assistant Radiographer Trainee

The trainee will be tested and evaluated ofter completion of the
training program to determine how much knowledge the trainee
has acquired and how well he can demonstrate it.

Written Examination A passing mark of 80% will have to be obtained
by the trainee on his final exam before being allowed to go on in

the testing process. The final test will consist of 35 assorted
questions; examplesof which can be found in Appendix RAT-D.

Oral Examination and Operational Examination

After passing the written examination, the trainee will have to

demonstrate his knowledge by performing the following work
requirements:

Daily inspection ofexposure devices.

Performing o radiation survey check.

Unlock and load exposure devices.

Operate an exposure device and terminate an exposure.
Prepare a source for storage.

During the practical examination the trainee will be asked questions
pertinent to what he is doing, so that the trainee's complete

unders! inding of what he is doing can be evaluated. If a trainee
foils t- demonstrate competence in performing atask or shows a
leck of understandingof what he is doing, the examiner will review the
task with the trainee. The examiner will then place a passing or
failing mark on the trainee's performance. See Appendix RAT-E

for form used during this testing stage.

If the trainee passes all the examinations given, the test scores and
evaluations will be reviewed by the management of Cts for final
approval before the individual is given the responsibility of assistant
radiographer. All examinations and evaluations will be filed in the
employee's permanent file for review by NRC Inspectors.

5.4 Radiographer Training Program
5.4.1  Prerequisites for Selection as a Radiographer

In addition to meeting the Assistant Radiographer requirements this
individual must have three (3) months on-the-job training as an
Assistant Radiographer.
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54 Roadicy - Training Program (Cont'd)

5.4.1 ihe goal of the radiographer training program will be to train
individuals to competently and safely function as radiographers.
To do this the trainee must demonstrate the knowledge gained in
the training program through oral and written examination in these
areas as listed below:

CTS Operating Procedures

Emergency Procedures

Radiation Safety Procedures

Radiation Physics and Terminology

Radiation Biology

Basic Concepts of Industrial Radiography
Governmental Regulation of Industrial Radiography

The trainee will aslo have to demonstrate his hands-on working
knowledge of CTS equipment and facilities with special attention
to the following areas:

The Use and Care of Survey Instruments
The Daily Inspection of Exposure Devices
The Preparation and Loading of Exposure Devices

The Unloading of Exposure Devices and the Storing of
Sealed Sources

Classroom Lectures

Forty hours of classroom lecture will be required on the seven areas
listed in Section 5.4.1. See Appendix RT-A for lecture outline and
Appendix RT-B for an example of the handouts that the trainee will
use. The 16 hours of training for assistant radiographer trainee may
be used to meet the 40 hour radiographer training requirement.

Review of Job Functions

Six hours will be devoted to the review of the use of CTS equipment
and facilities, with special attention given to the five areas listed

in 5.4.1. See Appendix RT-C as an example of the type of handout
that will be given the trainee.

Testing ond Evaluation of the Radiographer Trainee

The Trainee will be tested and evaluated ofter completion of the

training program to determine how much knowledge the trainee has
acquired and how well he can demonstrate it.

Written Examination A passing mark of 80% must be obtained by the
trainee. The test will consist of 50 assorted questions, examples of
which can be found in Appendix RT-D.
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5.4.1.3 Oral Examination Questions will be asked of the trainee on matters
of operating procedures, emergency procedures, and radiation safety
methods to determine the trainee's complete understanding in these
areas. Records will be maintained of all examination scores in the

employee's file for NRC inspection. See Appendix RAT-F for form
used during this testing stage.

If the candidate passes both examinations, the scores along with
evaluations made of the candidate by the teaching faculty will be
reviewed by CTS management for final approval before the
individual is given the responsibilities of a radiographer.

Training Program for newly Hired Experienced Radiographers

When an individual is hired with previous experience, as o quolified radiographer,
the management of CTS will provide an orientation review and training
program. This will assure CTS management that the newly hired radiographer
will be as competent and safe with CTS equipment and procedures as the
experienced CTS radiographers.

5.5.1 Class room Review Lectures

Information will be presented in six hours of lecture on CTS operating,
emergency and radiography procedures. Also a review will be

made of radiation protection methods and radiation safety. See
Appendix ERT-A for the lecture material outline.

Classroom Review Lectures

The newly hired radiographer will also be given copies of 10 CFR
Parts 20, 21 ond 34; CTS's NRC License, and the Operating and
Emergency Procedures.

On-The-Job Training

The newly hired radiographer will be acquainted by hands-on training,
under the supervision of a CTS radiographer with the equipment and
focilities of CTS for a two week period.

Testing and Evaluation

Written Examination - A passing mark of 80% must be obtained by
the radiographer on a test made up of 25 assorted questicns.

The test will primarily concern itself with emergency procedures,
operating procedures, and radiation safety. See Appendix ERT-B
for examples of questions asked.

After the period of orientation and testing, CTS management will
make the final approval on the new radiographer, before the
individuol is given the responsibilites of a qualified radiographer.
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5.6 Continuing Education and Semi-Annual Review of Radiographers ond
Assistant Radiographers

5.6.1 The management of CTS feels it is their responsibility to provide
continuing education to their radiography personnel. Examples of
topics which would be presented are: Changes in Operating
Procedures, New Regulations; New Radiography Techniques, Review
of Emergency Procedures, etc. This information will be provided
through pested bulletins, distributed material, in-house lectures or
invited lectures. Records will be maintained showing subject
material, date and time of presentation, and who was present.

A semi-annual test will be given to all radiographers and assistant
radiographers to emphasize CTS management's concern that their
personnel keep current. Grades will not be distributed, but the

tests will be used to determine what employees need consuling and
what areas of continuing education should be covered. See Appendix
CE for an example of the type of semi-annual review test to be
given to radiographers.

EONTROLNO. 7987 S




APPENDIX RAT-A

RADIOGRAPHER'S ASSISTANT TRAINING
LECTURE OUTLINE

PART 1
(2 hours)

Basic Understanding of Radiaton

Radioactivity
A. Atomic Structure
B. Radicactive Decay

1.

Half-life

C. lonizing Radiation
D. Units of Measurement (Curie)

X-ray Production

A. Similarity of X-rays and Gamma Rays
B. X-ray Tubes

PART 11
(4 hours)

Radiation Safety Procedures

Effect of Radiation on the Body
A. Units of Measurement

l.
2.
3.

Roentgen
Rad

Rem

Radiation Protection
A. Radiation Protection Guides
B. Radiation Monitoring

B

2,

Measuring Radiation Exposure

a. Survey Meter (G-M type)

b. lonization Chamber (Cutie pie)

c. Survey Techniques and Records

Measuring Personnel Radiation Exposure Doses
a. Film Badges

b. TLC Rings

c. Pocket Dosimeter

page 7 of 45
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d. Requirements of Wearing Film Badges, TLC Rings and Pocket

Dosimeters
e. Daily and Life-time radiation Dose Records

C. Radiation Exposure Protection

1.
2.

Internal Exposure Protection
External Exposure Protection
a. Time

b. Distance

c. Shielding
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PART Il

ours
Industrial Radiography
Introduction to and Elements of Industrial Radiography

The Safe Use of Equipment and Facilities of Industrial Radiography
A. Remote Handling Equipment
B. Exposure Devices
1. The Daily Inspection of Exposure Devices
2. The Preparation and Loading of Exposure Devices
3. The Set-up and Operation of Exposure Devices
4. The Unloading of Exposure Devices
C. Storage Containers

Duties and Responsibilities in Assisting the Radiographer
Case Histories of Radiography Events
PART IV
hour

Governmental Regulation of Radiography

Nuclear Regulatory Commission Regulations

A. 10 CFR Part 19 Notices, Instructions, and Reports to Worker;
Inspections
B. 10 CFR Part 20 Standards for Protection Against Radiation

C. 10 CFR Part 21 Reporting of Defects and Noncompliance
D. 10 CFR Part 34 Licenses for Radiography and Radiation
Safety Requirements for Radiographic
Operations
Indiana Regulation for Radiation Control
CTS's Nuclear Regulatory Commission License
(Copies of all the above will be handed out and reviewed)
PART V
(2 hours)
CTS Operating and Emergency Procedures

Coples of the operating and emergency procedures will be handed out
and thoroughly reviewed,
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Ultraviolet, visible and infrared waves -- are emitted during the transition of

electrons among the outer orbits of
excited atoms.

X-rays -- Bombardment of metals by high speed electrons, excite electrons
from inner shells.

Gamma rays -- emitted when energy changes occur in the nuclei of atoms

Cosmic rays -- are emitted when high speed particles from oute: space collide
with atoms in our atmosphere.

lonizing vs Non-ionizing radiation -- Some forms of radiation have the ability
to remove an electron from an atom as they pass through it
or near it. The result of this ionization process is the creation
of an ion pair consisting of a negative ion (the electron) and
a positive ion (the atom from which the electron was removed).
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BASIC CONCEPTS AND TERMINOLOGY INVOLVED WITH FORMS OF RADIATION
AND RADIOACTIVITY AND ITS PROPERTIES

A. RADIATION- the process in which energy in the form of waves or particles
i{s sent out from atoms and molecules as they undergo internal change.

1. Particulate Radiation--Alpha particles, Beta particles (negatron or positron),
neutrons, neutrinos and others.

. 2. Wave Radiation (Photons)

Electromagnetic Waves -- are quantums of energy called photons that
travel through space and show characteristics
of both wave and particle radiation.
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LDergy
Machine Gun

Characteristics of electromagnetic radiation:

1. Speed---Always the speed of light (3 X 1010 cm/sec)-~(c)

2. Wave Length--The distance it takes for one or the other field
to complete an oscillations.()) Given in Cm.

3. Frequency--The number of wave length oscillations (cycles) that
take place ver second. (f).
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Ultraviolet

Visible spectrum____

Infrared

power

Fig. 3-2. Electromagnetic spectrum.

lhe energy machine gun can be:

1. Radiowaves and microwaves--Produced in electric circuits in which electrons
are made to vihrate at high frequencies.




" Page 13 of 45
ITEM 8 . ev. 9- -ags
Z. Lltraviolet, visible and infrared waves--are emitted during theegfaﬁigf ons
electrons among the outer orbits of excited atoms.

3. X-rays--Bombardment of metals by high speed electrons. excite electrons
from inner shells.

4. Gamma rays---emitted when energy changes occur in the nuclei of atoms.

5. Cosmic rays--are emitted when high speed particles from outer space collide
with atoms in our atmosphere.

3. Jonizing vs Non-ionizing radiation-- Some forms of radiation have the ability
to remove an electron from an atom as they pass through
it or near it. 'the result of this ionization process is
the creation of an ion pair consisting of a negative ion
(the electron) and a positive ion (the atom from which the
electron was removed).
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RADIOGRAPHER'S ASSISTANT EXAMINATION
TEST QUESTIONS

Below are examples of the types ofquestions which will be asked of a radiographer's
assistant trainee. Tests will be made up of combinations of these types, so that o
minimum of thirty -five questions are asked. The point value assigned to the
questions will be at the discretion of the examiner. A trainee must obtain @ mark
of 80% to pass the test.

Test Question Type

I. Definition of Terms

l. Rem --

2. Gamma ray --
Survey Meter --
Radioactivity --
Millicurie --
Personnel monitoring --
Sealed source --
lonizing radiation --

etc.

Il. True or False Questions

I. T F One of the hazards from the use of radionuclides in radiography
is that the gamma rays induce radioactivity in the objects they
strike.

Several small doses over an extended period of time are equal to
one large dose with respect to damage to biological tissve.

Gamma rays and X-roys primarily differ in their origin.
The rate of decay of a radionuclide is constantly changing.
The rem is used to measure radiation absorption in living tissve.

Humans are able to feel radiation when they are exposed to
radioactive material.

Radiation cannot be directly measured.
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True or False Questions

8. T F Any vehicle carrying a package containing radioactive material
that has a Radioactive Yellow Ill warning label needs to be
placarded on all four sides.

Anyone who Is not o radiographer or radiographer's assistont
cannot enter o restricted area.

You must always survey the camera with a survey meter ofter
every exposure of the source.

You must survey the boundary of the high radiation area during
every exposure of the source.

If you have o reliable pocket dosimeter, you do not also have to
have a film badge.

You must recharge your pocket dosimeter weekly.

You can leave a camera unattended in the back of a pickup truck
if the source is locked and the key is removed.

I, Multiple Choice Questions

1. By definition in the regulations, a radiographer's assistant is:

a. A person who, under the personal supervision of a radiographer, uses
radiographic exposure devices, sealed sources, or related handling
tools, or radiation survey instruments in radiography.

An employee who is certified to ASNT Level I in radiography.

A person who performs or personally supervises radiography
operations using sealed radioactive sources, and who is responsible
to the licensee for assuring compliance to the applicable regulatory
agency regulations and the conditions of our license.

An employee responsible for conducting and supervising the recovery
of a lost source.

An X-ray technician.
survey meter is used:

Only in laboratories.

To accurately record personnel surveys.
When an area monitor is not available.

To detect and measure radiation intensities.

What is the difference between a Roentgen, Rad, and Rem when dealing
with X-rays and gomma rays?

A Rem does rnot apply to X-rays.

No difference.

A Rad applies only to gomma rays and a Rem applies to X-rays.
A Rem is equivalent to twice as much as a Roentgen or o Rad.
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lIl. Multiple Choice Questions
4. A dosimeter should be charged to zero:

a. At the end of each job.

b. Whenever it goes off scale.

c. At the beginning of each day or job.
d. Once every doy.

While performing radiography, you note that your pocket dosimeter
reads off scale. Whould should you do?

a. Rechargs your dosimeter and continue working.

b. Complete your work and record the fact on the daily dosimeter log.

¢. Follow CTS procedures and have your film badge sent out for
immediate processing.

d. Perform a radiation survey to make sure that radiation levels are
what you expect.

e. Both C and D.

What is the most important thing you can do to aveid an overexposure to
radiation?

a. Always wear the personal dosimetry provided.

b. Always make proper radiation surveys,

c. Request that an alarming dosimeter be provided for use.
d

Keep a daily log of pocket desimeter readings.

If you arrive at o job and find that your survey meter is not operating
properly what should you do?

a. Complete the job quickly while keeping a close che k on your pocket
dosimeter.

b. Use past experience to judge where the restricted area boundary should
be and complete the job.

¢. Send an assistant to obtain a new instrument while you complete the
first exposure.

d. Go get a properly operating survey meter.

IV. Complete the Statements

1. Two commonly used radicactive radionuclides in radiography
are and

The unit of measure of the radiocactivity is called o i

Cobalt-60 has a half-life of years.

The unit of measurement for long range penetrating type of external
radiation is the
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IV. Compiete the Statements

3. The relation of distance to radiation exposure is given by

é. lonizing rates are expressed in terms of E

7. etec.

V. Essay Questions.
1. Describe how a film badge works.
2. List several desirable characteristics of survey meters.

Les :ribe how X-rays of relativaly low voltage (below 400KV)
are produced.

What is scattered radiation.

State several characteristics of gamma radiation.
Explain what is meant by "half-life.”

What is meant by the term "half-value layer?"

efc.
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ORAL AND OPERATICNAL EXAMINATION OF
RADIOGRAPHER'S ASSISTANT
Date: Trainee:
Examiner: Overall Grode:
Comments:
Poor =
Good =
Excellent =
Performance Response to
Task Rating Questions Asked Comments

-

APPENDIX RAT-E

. The use and care of

exposure devices,

. The daily inspection of

exposure devices,

. The preparation and

loading of exposure
devices.

. The set-up and operation

of exposure devices.

. The unloading of

exposure devices.

. The storing of sealed

sources.

. Reporting and Control

of an emergency.

. The posting & security

of the radiation area.

’0

10,
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ORAL EXAMINATION OF RADIOGRAPHER
Date Ass't Radiographer
Examiner Overall Grade
Comments
Poor= I
Good= 2
Excellent= 3
Performance Response to
Task Rating Questions Asked Comments

. The calibration requirements

and transportation of survey
instruments,

The quarterly inspection of
exposure devices.

The leak testing of sealed
sources.

The temporary storage of
sealed sources.

The transporting of
sealed sources.

The control ot radiation
areas.
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RADIOGRAPHER TRAINING
LECTURE OUTLINE

PART |
ours

Radiation: Concepts and Terminclogy

. Basic Understanding of Radioactivity
A. Radiation
1. Electromagnetic
2. Particulate
3. lonizing vs. Non-ionizing

B. Radiocactivity

1. Atomic Structure

2. Decay ™ cess
a. Radionuclide (natural and man made)
b. Types of Decay (transmutation)

3. Physical Properties
a. Half-life
b. Decay Constant
c. Decay Formula (decay factors)
d. Energies (MEV, KEVO _
e. Units of Measurement (Curie)
f. Specific Activity

C. X-ray Production
1. Similarity of X-rays and gamma rays
2. R-rating of X-ray tubes
a. Milli-amperage
b. Kilo-voltage
¢. Distance
d. Time

PART 1I
ours

Radiation Biology and Radiation Protection

I.  lonizing Radiation Interaction with Matter
A. Interaction
1. Excitation
2. lonization
3. Linear Energy Transfer

Page 20 of 45
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PART 1l

urs
Radiation Biology and Radiation Protection

I lonizing Radiation Interaction with Matter
A. Interaction
1. Excitation
2. lonization
3. Linear Energy Transfer

B. Radiation Exposure Protection
1. Internal Contemination Exposure
2. External Exposure
a. Time in o Radiation Field
1. Emmission Constant (dose rate)
2. Expected Absorbed Dose
3. Working Time Projections
4. Absccbed Dose vs Dose Rate X Time
b. Distance
1. Emission Constant
2. Exposure Rate
3. Calculation of Working Distance

4. Inverse Square Law and It's Implications
. Shielding

1. Shielding Material

2. Scattering

3. Half-value Layer

4. Radiation Reduction Factor Charts

5. Shielding Requirement Calculations

d. Demonstration of the Effect of Shielding, Time, and
Distance have on Radiation Exposure.

PART Il
20 hours

Industrial Radiography
L. Introduction to Radiography

.  Elements of Radiography

I Equipment and Facilities of Radiography
A. Remote Handling Equipment
B. Exposure Devices

C. Storage Containers

I - - &N = N R R R T B T ' T B B B
O
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IV.  Radiography Equipment Sofety
A. X-ray Tubes
l. Tube Out-put Measurements

IL

2. X-ray Tube Safety Devices
3. Safety Lights

4, Beam Collimators

5. Locking devices

6. Tube Leakage Measurement
7. Tube Lobeling

Radionuclide Sources

1. Source Intensity Measurements
2. Source Contamination Evaluation
3. Source Leckage

Units of Measurement
I. Roentgen (R)

2. Raod

3. Rem

Historical Review of Radiation Effect on Man
. Uranium Miners

« Luminus Dial Painters

. Radiologists

. Dentists

. Atomic Bomb

Animal Studies

SCLhWN -

Radiation Chemistry

1. lon Pairs

2. Free Radicals

3. Direct Effect vs Indirect Effect

4. Effect on Simple Biological Systems, Macromolecular
Structure, Cells and Tissves

5. Genetic Effects

Radiation Protection

A.

B.
C.

Radiation Protection Guides
1. Permitted Levels in Unrestricted Areas
2. Permitted Levels in Restricted Areas

Overall Problems Faced by Industrial Radiographers

Radiation Monitoring Instruments
1. Purpose and Use of Monitoring Instruments

2. Types
a. Fuhhurlr& adiation Exposure
+ Survey Meter (C-M type)

2. lonization Chamber (Cuﬂo Pie)
3. Operational Characteristics

a. Limitations

b. Range

c. Calibration

d. Care

EONTROLNO. 79878
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4. Survey Techniques and Records

b. For Measuring Personnel Radiation Dose

. Film Badges

TLC Rings

Pocket Dosimeter

Operational Characteristics

- Requirements of Wearing Film Badges, TLC Rings and
Pocket Dosimeters

é. Maintenance of Daily and Life-time Records

D. Camera Safety Devices
1. Source Handling
2. Locking
3. Waining Lights
4, Container Labeling

E. Transportation of Radiocactive Material
1. Regulations
2. Containers
3. Vehicle and Labeling
4. Vehicle Surveys and Security
5. Procedure to Follow in Case of Vehicle Accident

V. Radiography Film

VL.  Radiography Techniques

VIL.  Interpretation of Radiographs

VIIL. Case Histories of Radiography Events

PART IV
ours

Governmental Regulation of Radiography

I Nucleor Regulatory Commission Regulations

A. 10 CFR Part 19 Notices, instruction and Reports to Workers; Inspections
B. 10 CFR Part 20 Standards for Protection Against Radiation

C. 10 CFR Part 34 Licenses for Radiography and Radiation
Safety Requirements for Radiographic Operations
1L Indiana Regulation for Radiation Control

M. CTS's Nuclear Regulatory Commission License
(Copies of all the above will be handed out and reviewed)
PART V
(3 hours)
CTS Operating and Emergency Procedures

I Copies of the operating and emergency procedures will be handed out and
thoroughly reviewed.
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(An Exampls of Hendouts Used
in Tesching Radiogrephers)
See Appendix RT-A, Part II-]
of )acture outline.

3. lonizing radiation luteractifon with matter.

Ionizing radiation--Form of radiation which has the ability to remove
an electron from an atom as it passes through the
atom or near it. ‘the result of this ionization
process is the creation of an ion pair consisting

of a negative ion ( the electron) and a positive ion

(the atom from which the electron was removed).

» A. Electromagnetic wave (photon) Intcractlion with matter. (Gomma and X-rays)

~ gamma may or X-ray can interact with matter in three ways.
ol

1. Photoelectric effect. - +

i, Compton effect.

3. Pair Production.

1. Photoelectric effect

Primory gomme oy

\/\/\\ o

i A0 Phamewhs tine o il

"o
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}air Production

Positron N
Beto porticle

Gomma 0.51 mev & N

7
4

Gommo 0.5 mev

Elechon /
%

Fig. 411, Pair production. A high energy gamma ray Interacts near the nucleus, producing two
particles, a beta particle (negatron) and a positron The positron annihilates almost inmediately.
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L. Beta Particle interaction with matter.

Electron-

Fig 4-5. lonization of matter by & passing beta particle.

Primary beta

Fig 4-6. Bremsstrahlung A beta particle passes near the nucleus of an stom and Is attrscted to
This results in & loss of energy and change in direction That loss of energy Is expressed a8 x 13
or Bremsstrahlung

EBNTROLNO. 7O 5 7 &
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saview: lIonizing radiation and its interaction with matter.

ndistion Chemistry.
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€. Jirect effect vs
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indirect effect
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LIVING
CELL

- Pass through
SsW&-J - -~-Pwith no interaction.
-

DIRECT HIT
Ionization or excitation of a
vital molecule of the cell.

10'10 seconds D-]

Chemically reactive agents.

Formation of Free radical I

RadTation interacts with a water "%, 8
molecule Through jonization or " 1- P ————
Hz0

+ » O
l ue K

They can react
to form.




be Most Sensitive Tissues,

e Hemopoletic Tissue (blood forming

Conedel Tissus

Cestrointestinal Tissue

Skin

Connactive Tissue
Bones end Clands
Ruscle and Nerve Tissue

4, MHistorical Review of Rediation Damage,
A. Urenium Miners
B Luminue Dial Pointers
C+ Rediologists
D. Dentiste
€. Atomic Bomb
Fe Animal Studies
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APPENDIX RT-C

THE USE AND CARE _OF
PADIATION SURVEY METERS

Since inoizing rodistion cen not be porcoivod by sny of the human senses,
it is necessery to have e detecting device that can detect their presence.
futher more, it is importent to quantitato theo smount of fonizing radietion
present for purposes of radiation protoction. There are e number of such
detecting devices evailable to be used in a numbor of varing situstion.

In industriel rediogrephy redietion survey detection ond monitoring is
carried out using e category of detector callod "qas detectors.”

-
e %
'.

‘\
T
i

A, lonization type dose rate survey meter 8, Gelger Mucller type dose rate survey meier

Basic working Principles of n
Cas Radiation Dotector

If a gas, such es eir, helium, argon, etc. is contained in e closed chamber
end the concentration and pressure are controlled eny ionizing radiation pass-
ing into or through this chamber will ceuse ionization of the gas molecules.
The ions formed ere e negatively charged electron and e positively charged
perent molecule from which the electron has been removed, If the chamber
is mede electrically polar (anode end’cathode) the charged ions con be collected
because of electricel attraction to these poles. If enough electrons ere
collected at the enode, & current will be produceds This current can be
amplified to move e needle on a meter. Tho amount of necedle daflection is
e result of the smount of current producod at the chamber poles which is a
result of the smount of ions formed which is e result of the emont of ioniz-
ing radietion which the chamber wes exposed to.

Thare ere meny variables to this system which can be considered, but those of
primary interest ere the variaoble voltnge opplied to tho chamber for the

‘purpose of collecting ions end the current indicator which should be sensitive
end have a wide renge.
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A gas detector.

varisble Voltege Supply

The voltsge supplied to the chamber has en importent effect
on ion formetion end collection,” This can be demonstreted by
whet is celled rggions of response, If e detection chamber is

exposad to e constent source of fonizing rediation while increesing
voltege is opplied ocross the chamber the current output produced
by ionizetion within the chember will yield six regions of response.

i B
™ 0
|
|

m v I v

Number of ion pairs

4
I I
collected. l |
'04.

8
¥

|
I
I
I
I
|
|
I
I
d

Voltage

Region 1. Recombination Region

In this region, the ions produced by the radiation will
be under very low voltage gradients and will tend to
recombinre with each other rather then migrate to the
electrodes and be collected, This recombination of ion
pairs decreases as the spplied voltage is increesed end
finally becomes negligible. The end of this region is
were the voltege supplied will be sufficient to collect
all of the fon pairs that ere formed. This reglon is
not useful for the ooeration of radiation detection
instrumonts,

Region 2. Jonization Chamber Rogion(Saturation Region)

This region begins at the voltage at which all fons
formed are collected. These are the primary ions re-




Rev, 9-1-83
Rev., 9-23-85

sulting from the oction of tho radiotion, end sre compriced
of ion pairs. for e substontinl incresse of -voltege sbove
the reglon of rocombinetion, oll ions produced in the ges
by rediation ere collocted, As tho voltege is increesesd
within this region, tho ifons are given more onergy end move
fester toward the eloctrodo:. Howovor, thoy do not become
energetic enough to produce odditionnl fonizotion,

Regiones 3 and 4, Proportional Region

If the voltage is increasoed nbove the fonizotlon chamber
region, the number of fons collected by tho oloctrodes is
reater than the numbor produced Ly the rodistion. Under
the higher voltage gradient, the primery electrons achieve
a high enough velocity to cause secondary ionizetion in
the ges filled chamber. Hence, each primery fon pair
produces several edditional ions which are also collectecd
(emplification). The number of ions collected is propor-
tionel to the number of primary ion pairs formed.

Geiger-Mueller Region

In this region the amplification factor is very high
because the voltage applied givessuch great energy to
even one primary ion that it causes so many secondary
electron en avelenche is produced. In this region single
fonizing events may be detected.

Continuous Discharge Region

This region obove the C-M reqion is a stete of continuous
discharge.

B. Current Indicetor

1. Pulse typo indicetor. Tho current produced at the chamber of
the detoctor is seen es pulses scpoarated in timo. Cach signal
represents the interection of e photon or particlo with the
detecter. The Ceiger counter is on oxomple of pulse mode
operation. The output is expressed in counts per minute (cpm).

Mean-levl indicstor. The current produced at the chamber of
the detector is seen as an average of many interaction of
photons or particles. An ionization chamber is en example of
mean-level mode operntion, The output is expressed in
Roentgen per hour (R/hr).

Operational end Practical Considerations
Of Using & Cas Rodiation Detector

Although theoreticelly possible, it is not practical to produce one in-
strument which can function in ell the regions, A raodiation detector may be
caslled a laboretory monitor, survey meter or surveoy instrument., The purpose




Page 34 of 45
Rev., 9-1-83
Rev. 9-23-85

of e laboretory monitor or survey instrument 1s twofolds to keop o constant
surveillence over the working onvironment end to dotect the quantity end
extent of contemination. Consoquently , loborotory monftors are ploced in
rooms where radionuclides ere used. Counters, floors, ond other places whore
epille mey have cccurrod ere surveyed daily. In addition, rooms containing
x=rey equipment or other sources of radiation ore surveyed periodicelly for
amount of leskage and scattered rodietion.

Suvey Instruments must possess the following cliuctoricticss simplicity of
construction, ruggedness, reliebility, portaliility, and sensitivity. The most
commonly used survey meter usecd in industrial radionraphy arot

1« Jonizetion Moter (Cutie Pio) It operates ot o voltage of GO to GDO volt:.
It hes low sensitivity but high range ond is used os e radiation exposure
meter to memsure exposure levels of radietion. Its read out i= in nf/he

fopa vey Meter It operates at a voltege of 500 to S000 volts,
It has high sensitivity end high renge and is olso capable of dis-
criminating between different typos of radistion. It is more expensive
end 18 not es rugged as a ionizetion: meter of G meter so it is not
used as much unless its discriminating properties ere needed,

e Lol Counter It operates at e voltage of 600-3000 volts., It has high
sensitivity end low range. It is used to measure low levels of

radiocactivo contaimination, Its read out ic in cpme

Demonstration
The Use of Radiation Survey Moters

NOTES:
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The Core of Redietion Survey Moters

A, Storeges Survey instrimente should be stored in e relotively
dry and sefe plece. Usuelly a cobinot or sholfl will
do. Remember, trun Lhe metor off during storege or
the battery will run down, If @ now powersupply has
to be edded the instrument will heve to be recalibreted.

8., Hendlingt Survey instruments erc redotively sensitive instruments,
8o rough treatment can damage the instrunont totelly or
disrupt its surveying asccuracye

C. Celibrstions All survey instruments are calibrated by the menufecturer
at the time of procuction. Nevertheless, changes in the
cherecteristics of the individual components of instruments
may cause & change in instrument response. It is, therefore,
cesential that sll survey meters be calibrated pariodicelly
to ensure proper resding. This colibration is especially
important for G-M tubes of their poor energy dependenca.

It is recommended thet G-M type rurvey molors be celibreted
quarterly end efter each battery cxchenge.
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APPENDIX RT-D

RADIOGRAPHER EXAMINATION
TEST QUESTIONS

Below, are examples of the types of questions which will be
asked of o radiographer trainee. Tests will be made up of
combinations of these types, so that a minimum of fifty
questions are asked. The point value assigned to the questions
will be at the discretion of the examiner. A trainee must
obtain @ marx of 80% to pass the test.

Test Question Type

I Definition of Terms.
1. Roentgen (R) --
2. Half-life --
lonizing Radiation --
Maximum Permissible Dose --
Curie (Ci) --
Leak Test --
Scatter Radiation --
Radioactivity --
Effective half-life
Rem --
Scatter --
. Safelight --
. Fixation --
. Shrinkage cavities --
. Cold shuts --

. Ete.
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True or False Questions.

l. TF The rem, rad, and Roentgen may be considered identical if
the radiographer considers X and gamma radiation only.

T F  One of the hazards from the use of radionuclides in
radiography is that the gomma rays induce radioactivity
in the objects they strike.

If your survey meter fails, you must discontinue your
radiographic operation.

The half value of lead is a constant for all energies of
ionizing radiation.

Several small dose over an extended period of time are
equal to one large dose with respect to damage to
biological tissve.

Gamma rays and X-rays primarily differ in their origin.

The rate of decay of a radionuclide is constantly changing.

Safety practices in nuclear energy industries are set by
their insurance companies.

9. TF The inverse square law applies only to "point" sources of
radioactivity.

10. TF Cobalt-60 has o half-life of 75 years,
1. TF Ete.

Il Multiple Choice Questions.

1. Are there any times when industrial radiography can be performed,
without posting teing required?

Any time.

In an exposure room.

Never

On the first exposure.

In an open areq, controllable by direct surveillance.

Which of the following is used to determine if a source has been
properly returned to the safe position in an exposure device.

Survey meter.

Counter attached to the controls.
Dosimeter

Signal lights.
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3. At what interval Is a source to be leak tested?

é.

a. At least once every 3 months.
b. At least once every é months.

c. At least once a year.

d. Only when specifically directed by the radiation safety officer.

What is the acceptable limits for radiation intensities when

performing a vehicle survey?

a. 200mR/hr at the surface and 10mR/hr at 3 feet from the

surface.
b. 10mR/hr or less.
c. 2mR/hr or less.

d. 5mR/hr or less provided the individual cannot receive a dose
in excess of 2 mR in any one hour's time.

Circle the items a rodiographer is responsible to fill out on
the utilization log each time he checks a source out and returns it.

a. Date/Time - In/Out

b. Source material ond serial number.

c. Location of Use.
d. Responsible radiographer.

e. Exposure device and serial numbers.

f. Inspection maintenance.

Etc.

Complete the Statements.

Emergency rodiological assistance may be obtained from the

emitting electrons.

screens decrease exposure time by

The sharpness of a radiation shadow depends upon p

and

Differences in density from one area to another on a radiograph

are called

The

radiation.

Etec.

cells are the most sensitive to
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Essay Questions.

1.

o » o w o

o

Problem
‘ .
2.

What is the difference between dose and dose-rate as applied to
radiation?

Why are dose-rate constants of interest to the radiogrpher?
What are the causes of low radiographic contrast?

What causes fog?

What is "percent sensitivity?"

What are the exposure limits permitted radiography personnel
working in restricted oreas?

Describe the color and markings of the radiation symbol?
Etc.

Solving Questions.
What is the radiation intensity 30 feet from 90 Ci of Ir 1927

How many half-value layers are required to shield a radiation
beam from 16,384 mR/hr down to 128 mR/hr?

An aluminum specimen is 3" thick, 4" wide, oand 15" long. Sketch
the radiographic arrangement and calculate the exposure time.

Suppose it is determined that a 2.1 curie source of C0-40 is
available. How far from the source should a meter be placed in
order to check the meter at the 500 mR/hr point?

Suppose the emission rate of o source of radiation is 81
roentgens per hour at | foot. What is the emission rate at 3 feet?

- gommoLfo. 79878
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EXPERIENCED RADIOGRAPHER ORIENTATION AND TRAINING
LECTURE OUTLINE

PART |
ours

Orientation to CTS Procedures
I.  CTS Operating Procedures
II. Emergency Procedures
lIl.  Radiography Procedures and Equipment

PART Il
urs

General Review

. Radiation Protection and Safety

A. Radiation Protection Guides

B. Radiation Monitoring
1. Measuring Radiation Exposure
a. Survey Meter (G-M type)
b. lonization Chamber (Cutie Pie)
c. Survey Techniques and Records

2. Measuring Personnel Radiation Exposure Doses
a. Film Bodges

b. TLC Rings
c. Pocket Dosimeter

d. Requirements of Wearing Film Badges, TLC Rings and Pocket
Dosimeters

e. Daily and Life-time radiation Dose Records
II.  Governmental Regulation of Radiography

A. Nucleor Regulatory Commission Regulations
1. 10 CFR Part 19 Notices, Instructions, and Reports to
Workers; Inspections
2. 10 CFR Purt 20 Standards for Protection Against Radiation

3. 10 CFR Part 21 Reporting of Defects and Noncompliance
4. 10 CFR Part 34 Licenses for Radiography ond Radiation

Safety Requirements for Radiographic Operations
B. Indiana Regulation for Radiation Contr. |

C. CTS's Nuclear Regulatory Commission License
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EXPERIENCED RADIOGRAPHER EXAMINATION
TEST QUESTIONS

Below, are examples of the types of questions which will be
asked of an experienced radiographer after the orientation
and training period. Tests will be made up of combinations
of these types, so that a minimum of twenty-five questions
are asked. The point value assigned to the questions will be
ot the discretion of the examiner. A trainee must obtain a
mark of 80% to pass the test.

Test Question Type

L Definition of Terms.
1. Maximum permissible Dose --
2. Tronsport Index --
3. Radiation Area --
4. Calendar quarter --
5. Dose rate --
é. Etc.

il. True or False Questions.

1. TF Rodiographers bear direct responsibility for compliance
with reguiations wherever they do radiography work.

2.TF A 0-1R dosimeter may be used instead of a 0-200mR dosimeter
for radiographic operations.

3.TF If your survey meter fails, you must discontinue your
radiographic operation.

4. TF Reduction factor depends only upon the thickness of the shield.

5. TF  When distance is tripled the amount of radiation received is
decreased six times.

é, Ete.

lIIl.  Multiple Choice Questions.

1. In the following situation, what should the responsible radiographer
do? The situation is that one of our client's employees has walked
unauthorized into the radiation area and close to an exposed source.
The employee was not wearing any monitoring equipment and it is
not immediately known how much exposure he received.

a. De nothing.

b. Send the man to the hospital for a series of blood tests and an
examination by o radiologist.

c. Reprimand the employee and tell him not to do it again.

d. Immediately notify the radiation safety director of the company
and follow their instructions.
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2. Number the answers below in the correct order that radiogropher is
to foliow in an emergency situation when a gamma exposure device
malfunctions end the source is stuck in an exposed position.

a. Immediately cease all radiographic operations ond remove all
personnel from the area where the radiation is greater than 2mR/hr.

b. After surveillance of the area has started, have the radiation safety
director or other person on the RSC personnel list immediately
notified of the emergency. Notify applicable personnel of the client,

c. Post the perimeter of the restricted area with "Radiation Area"
signs ond erect a barricade when possible. Survey the perimeter
of the posted area to assure the radiation level outside the area is
2mR/hr or less. Adjust the barricades and signs if necessary.

d. Have the area under constant surveillance and do not allow
unauthorized personnel to enter the areas.

e. Maintain control of the area until relieved of the responsibility
by the radiation safety monitor or his designate.

3. What is the acceptable limits for radiation intensities when

performing a vehicle survey?

a. 200mR/hr at the surface and 10mR/hr at 3 feet from the surface.
10mR/hr or less.

b
c. 2mR/hr or less.
d

SmR/hr or less provided the individual cannot receive a dose in
excess of 2 mr in any one hour's time.

4. A dosimeter should be charged to zero:

a. At the end of each joh.
b. Whenever it goes off scale.

c. At the beginning of each day or job.
d. Once every day.

5. Select the answers that show when an exposure device containing a

radioactive source must be surveyed.

a. During the last exposure.

b. When removing the exposure device from storage.
c. After each exposure.

d. Immediately before the first exposure.

e. As soon as you arrive at the job site.

f. When returning the exposure device to storage.

é. Ete.
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Complete the statement.

L is one of the best ways of sealing
capsules containing gamma ray sources.

2. The cells are the most sensitive to rodiation.

3. lonization chamber instruments are level instruments.

4. Radiation measuring instruments provide either a measurement of
or of

5. The absorption formula applies to radiation.

é. Ete.

Essay Questions.

1. What are the range and characteristics of survey meters acceptable
for radiography?

2. Explain why radiation surveys are required in connection with
radiographic operations.

How does radiation affect the living organism?

Describe how a film badge works.

S R

Explain very generally how radiation may be measured.

é. Etc.

Problem Solving Questions.

1. An Iridium-192 source was exposed to o pocket dosimeter for 15
minutes ot a distance of 10 feet and the dosimeter read 177 mR.
What is the activity of the Iridium-192 source?

2. Suppose it is determined that o 2.1 curie source of C0-40 is available.
How far from the source should a meter be placed in order to check
the meter at the 500 mR/hr point?

3. A 20 curie source of C0-60 is to be used 15 feet from a group of
workmen. How thick an iron shield would be needed to reduce the
dose-rate received by the workmen to 5 mR/hr?

4. Ete.

BoNTROLNG. 7987 S
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C T S SEMI-ANNUAL RADIOGRAPHER REVIEW TEST

. What is the HVL of lead for Iridium 192?

a. .19
WP
e. I
" S

. When performing radiography using radioisotopes in o licensed exposure room

with permanent installed radiation monitoring devices and alarm systems, it
Is not necessary to use a survey meter.

a. True
b. False

A survey meter is capable of measuring:

a. Dose
b. Dose Rate
c. aondb

d. None of the above

What federal document regulates the transportation of radioactive materials on
public highways?

a. Title 10 Code of Federal Regulations
b. Title 29 Code of Federal Regulations
¢. Title 49 Code of Federal Regulations
d. None of the above

When must the physical condition of all radiographic devices be checked?

a. Before each use.
b. At the end of each calendar quarter.

c. After the equipment has been subjected to unusual stress.
d. All of the above.

When is it permissible to allow untrained personnel to operate an exposure device?

Only with written approval of the Radiation Safety Director.

Only under direct surveillance of o Radiographer.

Untiained personnel are never allowed to operate an exposure device.
Only when the individual is supplied with personnel monitoring devices ond
a survey meter.

ap oo

At what interval is o source to be leck tested?

Once a year.

Once every 90 days.
Once every é months.
Once every month.

apooe
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8. At what interval is o survey meter to be calibrated?

a. Once a year.

b. Once every 90 days.

€. Once every 9J days ond after servicing.
d. Once every 4§ months and ofter servicing.

. Which of the fcllowing devices is used to record exposure?

a. A Densitoineter
b. A Dosimeter

c. A Penetrometer
d. A Survey Meter

10. The supervision of an Assistant Radiographer is not a duty of the Radiographer?

a. True
b. False

11. Which item below can best cause a Radiographer to cease his operation completely
until corrective action is taken?

a. Wrong type of film.

b. Run out of masking tape.

c. Survey meter malfunction.
d. Too short exposure times.

12. What part of the company license must always be with the Radiographer?

a. Section showing lab location.

b. Operating and Emergency Procedures Section.
€. Section showing who owns stock in the company.

13. Why must all Radiographers be tested periodically?

a. Make sure they remember shooting techniques.

b. Aware of any changes in the Operating ond Emergency Procedures and so
they do not forget pertinent information in regards to their duties.
¢. So they can put out more work per shift,

14. Name the three concepts a Radiographer uses to protect himself and others
from radiation.

b.

c.

15. What item below should be a prime concern of all Radiographers?

a. Get his job's completed as quickly as possible.

b. Use all radiographic devices in the safest manner possible, to receive as

little radiation as possible, and to protect all personnel from exposure to
radiation.

c. Never buy coffee for USNRC Inspectors.
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ATTACHMENT - éA

1.0 DESCRIPTION OF RADIOGRAPHIC FACILITIES

1.1

1.2

2.0

2.1

2.2

2.3

CALUMET TESTING SERVICES, INC. (CTS) of Griffith, Indiana is o privately
owned Company.

CTS is located at 1945 North Griff ith Blvd., Griffith, Indiana. The building
is located on a 270' x 290' lot in the Brant Business Center.

The building consists of offices and shop area. Three sketches are included
with Attachment A to show building location, shop layout, source storage,
and radiographic exposure areas.

The source storage area is a locked room constructed of solid concrete block,
on the east side of the building.

2.1.1  The storage area may be lined on the inner surfaces with sufficient
lead and/or other material so that there shall be no radiation detected
on the outer surfaces in excess of 2 MR per hour.

A pit is available on the southeast corner of the building for shop radiography.
This radiographic exposure area measures approximately 30' long, 14' wide

and 7' deep from the shop floor. Construction is 8" thick poured concrete
walls and floor, with access provided by a steel staircase. A 2' thick poured
concrete wall separates the stairway from the exposure area.

2.2.1 The top outer edge of the pit Is surrounded by a wall of solid concrete

block 48" high and stacked 2 to 4 rows deep. Access is provided only
at the stairway.

2.2.2  Six solid concrete slabs approximately 10" thick can be positioned
across the top of the pit. These slabs are movable and provide access

for large parts to be lowered into the radiographic exposure area from
an overhead 10 ton crane.

The radiographic exposure area is equipped with radiation monitors to prevent
unauthorized entrance into the high radiotion area of the pit.

2.3.1 A Tech/Ops Model 492D Gammalarm visible indication monitor shall
be located in the radiographic exposure area and connected to o

Model 492E Dual light flasher positioned at the outside of the entrance
door.

2.3.2 A Model 492J monitor circuit arrangement is connected to a horn
which gives an audible alarm signal if the entrance door is openecd by
an unauthorized person during a radiographic exposure.

3.0 Field storage of radiocactive materials.
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If radicactive material is stored ot a jobsite or radiography location, it must
be secured ond identified.

3.1.1 When stored in a locked enclosure, there shall be no radiation
detected at the outer surface in excess of 1 MR per hour.

3.1.2 When stored in an open area, the material must be changed and
locked. The storage crea must be roped and posted with appropriate
signs at the 1 MR per hour perimeter.

The customer, or person in charge of a field location where CTS is doing
work shall be notified by CTS when it intends to store material at the jobsite.
CTS Shail give the person in charge adequate instructions concerning the
stored material, including persons to notify at CTS in case of an emergency
or unauthorized removal of ihe stored material.

. goNTROLNO. 7O 8BTS



E B B G R G TR B R B R T G B aGh B EE em e |
{

o — -
- Z
= 14l 113 | 2] | = | L] g
W S() g
o S [] ] .
o
N. GRIFFITH BLVD.
L EGEND:
. CALUMET TESTING >
2.VAN SENUS AUTO PARTS § ‘
3. KROSAN WAREHOUSE i \
4. KROSAN WAREHOUSE Ll 5
5. MULTI - FAMILY % 2
o . T
BRANT < 2re
CONSTR. [ﬂ : .33 e
| AP ke

CLINE AVENUE




ATTACHMENT 6A Page 4 of 5

ITEM 9

N. GRIFFITH BLVD.——_J

! VACANT Rev 1143
- . T R i
* [#DIMENSIONS ¢ B e -
l LVAULT: 90" x66" x96 HIGH | - 6 FENCE
' 2. PIT:30x14 » 7' DEEP |4
=4
i S| | *
| I
| ! .
. 80 e 75'
l DBL. ooor‘a/
*_f L;M g .
] STORAc;y i
VAULT
i |
Ty
| OVERHEAD
‘ 2 SHOP | )DOORS
i AREA
i {«sct.. DOOR
: 1
| ¢
l w | OFFICE AREA 0,
{ <
' 1 \fENTRANCE é
© HLENERR
! : |ﬁ X
' I <o
H




RADIOGRAPHIC PIT ARRANGEMENT Rev.

Rev. 9-23-85

Page 5 of 5
9-1-83

- SEATVON A A

= e - — - et
e EEG WNE B GER WO e NPT W R G MKD B RS GRS RN NG WP TN MW R T
T SO e S VR M R RS AR BES e e SRS e e S U R OV TS N O N ks
A R W AT R T e R B SR IS W R G A U R R RN WS 0N N SR R shsy
G G R IR WS Al M TR SR AN SRT PR (sl dmb ek e Wi A0 BOE NS SIS GENG N WS 2 el |
= _ ' b
F uai P ADWATION QN-Tol.le |
_L.. “5‘.3’." g SysTem — H-:q 2
’ —
"_4 i ® o1 2 THick Rt inFoORCED <
- .+ | ConcreTt WALL 1M/l |1
= . = B -
E [
h-.- | ° (‘/ & ﬁ“HP 4
% bo o - q = ] .
! 2 |[HH |
= ‘ e, o - | :
L | p - | N
P ° |
® o MLHN
~" ° = RH I
J" DOWN - . -4-'-1 :
° & i - o
~L" @ g 2 | -n - ‘
- e N——— ~4 1!
° |
' 1
=1 ENTRY
o) __«:\L :
K e L g -0 2T, 88
e , W' -1 =
@0‘@ ﬁumo«nmu Pos\-r.ou
H"‘“' Dewsiry &L‘. Pl!-(DT!ltslb FLexic 17 . \i
Concertt Buocx (Aropus hf) * Comeantn Stass {Movaswr)
1 3»i rlj I
A I I I lll lI[l 'Ill’r[]l'lf E_J |
» 1
f ! I l ';TI]IJTI7IIIII I;IfTJI l A
W ) o
"i 10 | R riTl'lTlﬁJ} R W ey [[TIITI [ L L H
F - Il K
! ) | p ¢
% I | ;
5 .0 : ’q; Iy
: °. ' r‘l l.'
., ' |
X : RE InFoRLED Copunete , :
J, ; : - L . = . . 2 ? s Y9 gty v‘““\\‘ “‘b =k°°l wom} x + 5
}— ~ . . LA i e T T TS T ——— y



P f 43
ITEM 10 RADIATION SAFETY PROGRAM R:?: 9I.|°.a3

Rev. 9-23-85

ATTACHMENT 4D

4.0 PERSONNEL MONITORING EQUIPMENT

4.1 The following listed company shall supply film badge service for
Columet Testing Services, Inc.

4,1,1 The R. S. Londaver, Jr. & Company
Glenwood Science Park
Glenwood, lllinois 60425
Phone (312) 755-7000

4.2 Dosimeters - Make - Model

4.2.1 Victoreen pocket dosimeters, Model No. 541/A, Dosimeter Corporation
of America, Model No. 862 or comparable equipment will be used,
having energy dependence maximum within plus or minus 10% of
true dose from 55KEV to 2 MEV. Range is 0 to 0.2R (200 MR).

4.2.2 Victoreen dosimeter charger Model No. 2000/A or Dosimeter
Corporation of America charger Model #909 will be used.

Note: Required personnel monitoring equipment, including 0- to 200- milliroentgen
dosimeters will be used by radiographic personnel.

Maximum time period for fiim badge exchange is one month,

@wRoLNO. 79 8T 9
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ATTACHMENT 4-B

2.0 DESCRIPTION OF RADIATION DETECTION INSTRUMENTS

2.1

One or more operable and calibrated survey meters shall be used for all
radiographic procedures.

2.1.1  Survey meters shall be capable of detecting x-rays and gamma
rays in the range 2 milliroentgens per hour through one roentgen
per hour.

2.1.2  Survey meters will be calibrated so that readings are accurate
within * 20% of the scale range in use.

2.1.3  Meter calibration documentation will include a graph or chart
showing the results of the calibration, the calibretion date and the
due date of the the next calibration.

2.1.4  Labels will be offixed to calibrated meters, identifying the meter,
listing the date of calibration and listing the due date of the
next calibration.

2.1.5  Meters will be calibrated every thiee months or after each
servicing. Calibration records will be kept for a minimum of
two years.
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ATTACHMENT 6C

3.0 INSTRUMENT CALIBRATION PROCEDURES

3.1 All radiation survey instruments will be calibrated by an outside service
organization which is licensed by the United States Nuclear Regulatory
Commission, or an agreement state.

3.1.1 () HEALTH PHYSICS ASSOCIATES LTD.
3304 Comraercial Avenue
Northbrook, Illincis 60062
NRC License No. 12-091460-01
Phone (312) 273-2525

(b) GAMMA INDUSTRIES, A Division of
Nuclear Systems, Incorporated
2255 Ted Dunham Avenue
Baton Rouge, Louisiana 70821
Louisiana License LA-0006-L01
Phone (800) 535-8132

(¢) TECHNICAL OPERATIONS, INCORPORATED
40 South Avenue
Burlington, Massachusetts 01803
NRC License No. 20-00277-03
Phone (617) 272-2000

(d) SOURCE PRODUCTION AND EQUIPMENT COMPANY, INC.
625 Oxley Street
Kenner, Louisiana 70042
Lovisiana License LA-2964-L01
Phone (504) 464-9471

3.1.2  The above companies will perform calibration and/or repair work
radiation survey equipment.

3.2 Hondling and procedures for calibration of radiation survey instruments
are as follows:

3.2.1  All survey meters shall be calibrated at periodic intervals not to
exceed 70 days.

3.2.2 If a survey meter becomes inoperative, or is suspected to operate
incorrectly, the meter shall be returned immediately to an
approved source for meter repair and/or calibration.

3.2.3  Survey meters shall be sent for calibration on a schedule so as
not to deplete CTS of the necessary quantities needed to
operate safely.
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ATTACHMENT 4C (Continued)

3.3

3.2.4

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

The Radiation Safety Officer shall be responsible for shipment
and receipt of survey meters.

Survey meters will be transported in protective containers designed
to minimize damage.

The RSC Director shall approve procedures used for calibration
and repair of survey meters.

Each survey meter shall have a calibration sticker affixed showing
the model, serial number, the date of calibration, the next due
date for calibration and the name of the calibration personnel. A
calibration certificate shall also be kept on file.

In the event a survey meter is not in continuous use, after the last
due calibration date, the time of inactivity shall be noted on the
Instrument Calibration Log.

Should a survey meter become inoperable during radiographic
operations, the radiographer shall immediately cease operations
and report the situation to t'e Radiation Safety Officer.

Dosimeter Calibration

3.3.1

3.3.2

3.3.3

Ail Pocket Dosimeter calibrations will be performed by the
Radiation Safety Officer. Pocket Dosimeters will be checked for
accuracy at intervals not to exceed one year. This check will be
performed using the Victoreen Model 541-205 Dosimeter Calibrator.

Each Pocket Dosimeter will be exposed to a minimum of 50 MR.
If the reading of the Pocket Dosimeter varies by more than * 30%
it will be repaired or replaced.

Records of Pocket Dosimeter calibrations will be maintained by
the Radiation Safety Officer.
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ATTACHMENT 4G

6.0 INTERNAL INSPECTION SYSTEM

5.1 The President of Calumet Testing Services, Inc., Robert J. Vidimos, having
complete responsibility and authority over the radlography program
delegates the responsibility of performing an internal inspection on
matters of radiation safety and NRC compliance to an internal auditor,

Mr. Alon J. Meyer. He will conduct the internal inspection every
three months.

The purpose of the internal inspection will be to assure management that
there is control of the receipt, possession and disposal of radloactive
materials, and that these radioactive materials are being used in a saofe
manner. Furthermore, the internal inspection will ensure that NRC
license conditions, commission regulations, and operating and emergency
procedures are followed by radiographers and radiographer's assistants.

The results of the internal inspection will be presented and discussed at

o meeting of the Internal Inspection Committee, which consists of the
President of CTS, the Internal Auditor, Radiation Safety Control Director,
and the Radiation Safety Officer. Any andall deficiencies found in the
program or the performance of Individual radiographers or radiographer's
assistants will be considered and corrective measures will be formulated.
Minutes of these meetings will be taken and filed for a two (2) year
period. The Radiation Safety Officer will then be given the responsibility
with complete backing of the Internal Inspection Committee to correct

the deficiencies through warnings to personnel or through educational
methods.

Below is listed the specific areas and records of the radiography program
that will be inspected, the individual responsible, and the method of
Inspection or review. All forms listed are found ot the back of this section.

6.1.1 The Receipt, Inventory and Disposition of Radioactive Sources.

The Radiation Sofety Officer is responsible for maintalning radicactive
sealed sources. Specifically, he will place orders, document recelpt

of the sources, keep up-to-date inventory records and supervise the
returnof spent sources. The internal records he is required to keep,

or supervise the keeping of are: Control Form #4, Source Replacement
Schedule, Control Form #9, Special Purchase Order for Radioactive
Source Materlal Only, and Control From #5, Quarterly Inventory
Record and Log - Radicactive Sources. During the Internal inspection
these records will be reviewed to determine if these records are

being maintained and are accurate.

6.1.2 Daily Source Utilization and Radiographic Application

The radiographer is required to record the use of any sealed source.
This is done by completing Control Form #1, Daily Utilization Log.

These reports are then filed for inspection by The Radiation Safety
Officer, or his designee.

BONTROLNO, 79875
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6.1.3 Wip= Test Records of Sealed Sources

I+ oecordance with NRC regulations, radioactive sealed sources will
be wipe tested for coniamination and leaks upon receipt and every
six months. The maintenarice of Control Form #6, Wipe Test Records
of Radioactive Sealei Sources, will be the responsibility of the
Rediation Sofety Officer, although he may delegate the actual wipe
function to a radiographer who is properly trained. Control Form

#6 is then filed along with the rcsults of the wipe test, as submitted
Yy @ outside service. See Section 8.1.2 for name of testing service.
Curirg the internal inspection these reports will be reviewed for
completeness ond accuracy.

Radiographic Equipment Inspection Check List

As part of e internal inspection, responsibility will be given to the
Radiation Safety Officer of his designee to inspect all rediographic
equipment and Control Form #8, Radiographic Equipment Check

List, will be completed. These reports are then reviewed by the
Radiation Safety Contrcl Dirvctor along with the records of equipment
maintenance.

Survey Instruments: Records of Use and Calibration

In accordance with NRC regulations, survey instruments will be
calibrated every 90 days, after possible damage and after repair
and servicing. The survey instruments are calibrated by an outside
service, see Section 3.1.1 of this anplication. Control Form #3,
Survey Instruments - Log and Caliiwation Records, and Control
Forms #1 ana 42 will be reviewed c'uring the internal inspection
by the Radiation Safey Officer.

Personnel Exposure Records

The revords of personnel radiation exposure are maintained by

film badge readings and daily dosimeter readings. Film badge
service is supplied by and outside service, see Section 4.1.1. Their
reonthly renorts are reviewed, filed and maintained by the Radiation
Safety Officer. If exposure levels warrant the attention of the
Internal Inspe~ ion Committee, they will be discussed and proper
acrion tuken ‘v determine the reason for the higher dose readings
along with @ way to eliminate the problem.

In addition to the monthly film badge readings, daily dosimeter
readings ar< raintained by the radiographer's assistant. Control
From #7, Dai'y Dosimeter Readings, are maintained by each
individual.

All rodiation exposure records cre reviewed by the Radiation Safety
Officer to deterine if they are being maintained properly.
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Radiographer Evaluation/Radiographer's Assistant Evaluation

Once every three months each radiographer and radiographer's
assistant will be observed in the performance of his duties to
determine if he is performing in o safe manner. This observation
will be made by the Radiation Safety Officer or his designee and
a report filed for review by the Internal Insoection Committee.

At this time any unsatisfactory performance will be discussed with
the individual and corrective measuies will be imnlemented.

As part of the Internal Inspection, particular attention will be given to
the emergency procedures. Personnel will be questioned to determine their
knowledge of emergency procedures. If satisfactory response are not
given the emergency procedures will be reviewed with the individual by
the Radiation Safety Officer.

The Radiation Safety Control Director or the Radiation Sofety Officer
will perform as a partof this internal inspection system.

6.3.1 The Radiation Safety Controf Director and the Radiation Safety
Officer shall be qualified by outside training, past technical training
of experience, and present knowledge of all the articles in this
license. Any one of these reasons will qualify Radiation Safety
Control Director or Radiation Safety Officer to operate as a
monitor of the radiographic operation.

The "Control Forms" currently used will be as follows:
(1) Daily Utilization Log
(2) Daily Utilization Log operation sheet

(3) Survey Instrument - Log and Calibration Record

(4) Source Replacement Schedule - Shipment - Receipt - Disposal

Quarterly Inventory and Oui of State Log - Radioactive Sources
Wipe Test Records - of Radioactive Sealed Sources

Record of Daily Dosimeter Readings - Monthly

Radiographic Equipment Inspection Check List

Special Purchase Order For Radioactive Source Material Only

6.4.1 Additionc) forms, reports, or records may also be used in
conjunction with the above Control Forms, if needed.
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CONTROL FORM #1

Calumet Testing Services, Inc.

Mail to: P.O. Box 1510 ... Highland, Indiana 46322
Main Location: 1945 N. Griffith Bivd Griffith, Indiana 46319
(219) 923-9800 ... (312)474-5860 . (815)722-0878  (219) 269-6442 (Warsaw . IN)

DAILY UTILIZATION LOG
Date

Radiographer: Initial Dosimeter Reading
Radiographer's Ass't Initial Dosimeter Reading

Survey Meter: S/N Date of Calibration

Gamna Ray Projector:
Model: S/N
Maximun Radiation Level:

Radioactive Source:
Isotope: S/N Activity

Daily Inspection: (Initial all Entries)

Condition Guide Tubes
Condition Control Cables
Condition Swaged Fi:tings
Condition Source Stop
Condition Projector Labeling
Condition Control Crank
Conditicn Locking Mechanism

Storage of Gamma Ray Projector:

Projector Locked _
Maximum Surface Radiation Level
Storage Box Locked

Final Dosimeter Reading: Name:
Remarks:

Signature of Radiographer

SHIPPERS CERTIFICATION FOR RADIOACTIVE MATERIALS
ANTI F

PACKAGE

Transport [ontainer
Index

Proper
Shipping Name Radionuclide| Group Activity

Radioactive Mater- D.0.T.
fal Special Form

N. 0. S. Special 100 Curies . 6717/8
NA 9182

Form Max imum

Destination

This is to certify that the above-named materials
Shest of are properly classified, described, packaged,
P e marked and labeled, and are in proper condition
for transportation according to the applicable
regulations of the Dept. of Transportation,

4
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CONTROL FORM #2

Calumet Testing Services, Inc.

Mail to: P.O. Box 1510 ... Highland, Indiana 46322
Main Location: 1945 N. Griffith Bivd. ... Griffith, Indiana 46319
(219) 923-9800 .. (312) 474-5860 . (815) 722-0878  (219) 269-6442 (Warsaw . IN)

P f 43
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DAILY UTILIZATION LOG

OPERATION SHEET

Location

Duration of Exposure

Distance to High Radiation Area Boundary

Distance to Radiation Area Boundary

Gamma Ray Projector Surface Radiation Level Prior to Exposure

Radiation Level at Boundary of Restricted Area

Gamma Ray Projector Surface Radiation After Exposure

Dosimeter Reading After Exposure

Vehicle Surveyed

Radiation Level at Driver's Seat

Survey Meter S/N

Out of State Log Completed
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. Calumet Testung Services, Inc.
" 1945 N_ Grittith Bivg

d s Griffith indiana 46319
#(219) 923-9800 ~ (312) 474-5860

QUARTERLY INVENTORY RECORD & LOG - RADIOACTIVE SOURCES Year of

Also Note Date & Location When Source is Used Outside of Indiana
FORM #5

IR-192 IR-192 IR-192 IR-192 rwuwow [R-192 Used &
Returned

UNIT By:

UNI

k2

UNIT UNIT UNIT UNIT

¥

Curies

Curies

Curies
Curies
Curies
Curies
Curies

N 2336 BN 2396

SN 2063 SN 187X SNiB4:Y

Quarterly
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ITEM 10 (continued) Re?: 9-1-83
RADICCRAPHIC BQUIPMENT INSPECTION CHECK LIST Rev. 9-23-85

~ONTROL FORM

'TYPE OF INSPECTION » SERIAL NUMRER DATE INSPECTED

Periodic
pecial

COAPOMB Y

CHECK FOR:

\4
Handle

Handle Studs

Hendle pins
Source outlat nipple
Case shield
lock and lock plumger

Lock box
Lock imsert

Top and bottom saddle plate
Source pigtail commector
Safety plug

COMPLETENESS AND GENERAL CONDITION
attached and secured -~ ripped ~ to'a

looseness - must be tight

wear - bent - rust
wear - dents - cracks
dents - cracks - proper labeling

freedom of operation-must turn by hand

dents - cracks

wear-broken internal threads-cracks

dents~-cracks
aligoment - wear - frayed cable strands
wear - dirt ~ frayed cable strands

.

T

Quick discoanect
Nipple

S leeve

Flaxible source tube
Male coupler

Adapter
Source tubo and piece

COMPLETENESS AND GENERAL CONDITION
locking-freedom of operation-must swivel
looseness - wear - cracks

wear - dents - cracks

cuts - kinks - dirt build-up inaide the tube
looseness wear - cracks

looseness wear - cracks
dents ~ wear - cracks

R
IP ASS Y

Hand crank mechanises
Drive gear box

Control conduit

Drive comtrol cable
Drive cabls and commector

COMPLETENESS AND GENERAL CONDITION
freedom in operation -~ must turn freely

wear -~ lubricatio
cuts -~ damage -~ dents - kinks
dirt - wear - cuts -~ kinks - frayed cable

alignment - wear - frayed cable

e

IF DISCREPANCIES NOTED ARR NOT CORRECTED DURING INSPECTION, INDICATE ACTION

TAKEN FOR CORRECTION:

Inspected by:

Rad iographer/Supervisor
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Calumet Testing Services, Inc.

Mail to: P.O. Box 1510 ... Highland, Indiana 46322
Main Location: 1945 N. Griffith Bivd. ... Griffith, Indiana 46319
(219) 923-9800 ... (312) 474-5860 .. (815) 722-0878 ... (219) 269-6442 (Warsaw, IN)

CONTROL FORM #9
SPECIAL PURCHASE ORDER
FOR
RADIOACTIVE SOURCE MATERIAL ONLY

PART I - JRDER

1.
2.
3.
4.
5.
6.
7.
8.

Purchase Order No:

Vendor:

Location:

Date:

Material Ordered:

Amount:

Maximum Amount Allowable By CTS License:

Shipping Instructions:

Remarks:

PART II - RECEIPT OF ORDER

1.
2.

7'

10.

Date

Vendor - Ship Date:

Received By CTS:

How Shipped:

Material Shipped:
Amount:

Wipe Test:

Container Reading MR:

Material Used in Exposure Device, S/N:
Contact Reading of Exposure Device MR:

Remarks:
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Calumet Testing Services, Inc.

Mail to: P.O. Box 1510 ... Highland, Indiana 46322
Main Location: 1945 N. Griffith Bivd. ... Griffith, Indiana 46319
(219) 923-9800 ... (312) 474-5860 .. (815) 722-0878 . (219) 269-6442 (Warsaw, IN)

SPECIAL PURCHASE ORDER
FOR
RADIOACTIVE SOURCE MATERIAL ONLY

NOTES:

Part 1T must be filled out completely upon placement of order.
Part II must be filled out completely upon receipt of order.

Radiation Safety Director to review completed Purchase Order and
retain on file.

" BUNTROLNO. 7987 5
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ATTACHMENT éE

5.0 OPERATING AND EMERGENCY PROCEDURES

5.1

5.2

Operating Personnel Performing Radiography

5".'

5.1.2

5.14

All radiographic operations shall be done by a qualified radiographer
or qualified assistant radiographer under the direct supervision of

a qualified radiographer. The radiographer shall be physically
present if the work is being done by on assistant radiographer.

CTS may use an individual described as a helper or observer in

its radiographic operations. This individual will be badged and
monitored the same as assistant radiographers, however, he will
not perform their duties. He may assist in setting up equipment,
film and to act as a monitor of the radiation area. He will have
received satisfactory instructions prior to carrying out these duties

from the radiographer in charge of the radiographic operation.

The primary concern of all qualified personnel performing radiography
will be to see that he does not endanger himself or any other

person with radiation in excess of the limits set forth by the

Nuclear Regulatory Commission.

Any personnel who do not perform their work in a safe manner,
or in violation of any Nuclear Regulatory Commission Regulations,
or in violation of practices set forth in this license, shall be
dismissed from the nondestructive testing department of
CALUMET TESTING SERVICES. The Radiation Safety Control
Director will see that this article is enforced and maintained.

Fllm Badge Procedures

5.2.1

3.2.2

3.2.3

All radiographers, assistant radiographers, X-ray techr.iclans and
X-ray operators shall be required to wear a film badge while

performing radiography. The film badge is the official recording
monitoring device of the CTS Testing Department.

A film badge will be worn for all X-roy and gamma radiography
functions performed. Any person working as a helper on a
radiographic project will be required to wear a film badge. No
person shall be permitted to perform radiography or be present in
a controlled radiation area without a proper film badge.

In the event a film badge is lost or destroyed it shall be the
responsibility of the individual assigned to immediately report such
loss or domor to the Radiation Safety Control Director. The
Radiation Safety Control Director shall establish an estimated
radiation dose for the lost film badge and shall request the film
badge supplier to show such on the film badge report.
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5.3

5.4

5.2.4 For new employees with previous exfperience as radiographers, an
exposure history shall be requested from his previous employer.
The Radiation Safety Control Director shall request the prior film
badge supplier to show the actual or colculated dose for the period
from the first of the calendar year to that time of employment
with CALUMET TESTING SERVICES, INC. This request shall be
included with the film badge start notice for the new employer.

3.2.5 Film Badges shall be exchanged at least once per month. Film
Badge reports are furnished by the supplier for each badge period.
This report shall be kept on file by the Radiation Safety Officer.

3.2.6 Film bodge reports may be posted for viewing by personnel to whom
film badges are issved. Film badge records shall be made available
for reference to any personnel whose name may appear thereon.

Dosimeter - Use and Procedures

3.3.1  Each radiographer and assistant radiographer and other personnel
with access to the radiation area shall wear pocket dosimeters. A
dosimeter shall be worn at all times by the radiographer and
assistant radiographer while performing gamma radiography.

5.3.2 Each radiographer and assistant radiographer shall be instructed in
the proper use of the dosimeter and dosimeter charger. The
dosimeter shall be assigned by serial number and the Radiation
Safety Officer will record these numbers. The dosimeter will be
carried in the breast pocket while being used.

5.3.3 In the event of suspected or actual damage to a dosimeter, the
Radiation Safety Officer shall be notified immediately. Dosimeters
should be protected from dropping, jarring and excessive humidity.

The use and maintenance of dosimeters shall be in accordance with
written instructions of the manufacturer. The manufacturer's
instructions shall be required reading for all persons using a dosimeter.

5.3.4 Dosimeters, when used, shall be charged daily, or ot the beginning
of each work shift. One or more operable dosimeter charges shall be

available for this purpose. Daily dosimeter readings will be recorded
on Control Form #7.

Radiographic Operations Area

5.4.1 Radiography performed by CALUMET TESTING SERVICES, INC.
will be shop radiography, field radiography, or temporary jobsite
radiography.

5.4.2 Field or temporary jobsite radiography shall be posted with
approprinte radiation caution signs.
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5.4.5

5.4.6

5.4.7
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The controlled radiation area shall be an area that is under the
direct visual surveillance and control of the radiographer or
assistant radiographer, and will be further defined by the use of a
rope barricade, and "Caution Radiation Area" signs where the level of
radiation with the source in an exposed position, will not exceed a
reading of 2 MR per hour. The sign, "Caution High Radiation Area",
must also be posted around the area where radiation is in excess

of 100 MR per hour.

The controlled area will be determined by the use of radiation survey
instruments and/or the inverse square law formula, by the radiographer.
If the inverse square law is used, the perimeter must be checked by

an actual physical survey.

Personnel will not be allowed to enter a controlled radiation area.
Should access to o controlled radiation area be required, a person
must wear a film badge anda dosimeter, and have permission from
the radiographer in charge. Under no circumstances shall other
than o nondestructive testing employee of CALUMET TESTING
SERVICES, INC. be permitted to enter o controlled radiation area.

Should a controlled radiation area be entered by unauthorized
personnel, the radiographer in charge shall immediately request the
person to withdraw. Should and authorized person refuse to withdraw,
or a situation occur where it is impossible to remove persons from
the areo; the source shall be retracted to the stored position, and

the unit be secured until such time as normal procedures may be
followed.

The Radiation Safety Control Director shall be informed if any such

situation occurs, as described in the above article, so that he may
take corrective action.

Field Radiography procedures

3.5.1

5.5.2

The following procedures, as outlined, shall apply to all radiographic
operations conducted by CALUMET TESTING SERVICES, INC.

NDT Department, in its own shop at a customer's plant or
temporary jobsite.

The Radiation Safety Officer shall determine which sources and equipment

will be used for radiographic projects, and the personnel to be

responsible for their operation. Each radioactive source to be used

for radiography shall be logged out, by filling in the required

information on the Control Form #1, by the operator. The radiographer

shall survey the source storage area prior to removal of sources,

and upon return of sources to the storage area to assure that

radiation levels for unrestricted areas are not exceeded; the results

of the survey shall also be recorded on Control Form #1.

NOTE: THE EMERGENCY AND OPERATING INSTRUCTIONS, as well
as the Control Forms shal! be in the operator's possession
while performing his duties.
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5.5.3 The radiographer or the Radiation Safety Officer shall record the
date and the time the source was removed from the source storage
area, the customer's plant or jobsite where the source is to be used,
and the responsible person's name. If a source is to be used on
two or more jobs, then the source location record shall show each
job location. When the source is returned to the source storag”
area, after job completion, the date and time shall be indicated on
the form by the radiogropher or Radiation Safety Officer.

3.5.4 The radiographer and/or assistant radiographer shall now prepare
the gomma ray equipment for radiographic procedures, after the
area and job requirements have been determined.

5.6 Shop Radiography Procedures

3.6.1 The Radiation Safety Officer shail determine which source and
equipment is to be used for shop radiography.

5.6.2 All shop radiography shall be done in the radiographic exposure pit.

5.6.3 Prior to entering radiographic pit, visually verify that the radiation
monitoring device is in operation. Failure of any signaling element
either turns on the red warning light or turns off both lights to
alert the radiographer. The green light, therefore, not only shows
the rcdiation level is safe, but shows the system circuitry to be
functioning normally.

5.6.4 Set up exposure equipment following equipment operating procedures
outlined in paragraph 5.9 of attachment 4E.

5.6.5 Close high radiation access door which completes the audible alarm
circvit.

3.6.6 While operating the exposure device, the radiographer must be
positioned behind the concrete wall next to the stairway or at the
shop floor level at the top of the stairway.

3.6.7 Survey the perimeter of the pit at the shop level. If any readings
exceed 2 MR per hour, immediately retract the source into o safe
position and change the radiographic arrangement, select a smaller

source, add shielding or use a combination of these actions to reduce
the perimeter to 2 MR per hour or less.

5.6.8  Enter the radiographic area of the pit between exposures anly if the

green light is on and the oudible alarm does not sound when opening
the access door.

3.6.9 The survey instrument must be taken into the radiographic exposure
area between each exposure. The guide tube and exposure device

must be surveyed to determine if the source has returned to a safe
position.

@wmoLfo. 79876
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5.7 Personnel Operating Procedures

5.8

5.7.1

357.2

3.7.3

35.7.4

3.7.5

5.7.6

35.7.7

3.7.8

3.7.9

All radiographers and assistant radiographers shall have a copy of the
ATTACHMENT (4E) "OPERATING AND EMERGENCY PROCEDURES",
and all required Control Forms in their immediate possession at all
times, while performing any radiographic operations.

Above personnel must also have copies of all applicable Nuclear
Regulatory Commission Instructions and Safety Regulation which
apply to their radiographic work with them at all times.

Above personnel must be wearing film badges and using pocket
dosimeters on the clothing of their chests before ihey can begin
radiographic operations, and during all operations.

Above personnel must always have an operable and calibrated survey
meter in their possession and use before, during and upon completion
of the radiographic operation.

The radiographer or assistant radiographer may now remove the source
storage container from the vault or storage areqa; he may place the
source container on a dolly or cart, if necessary and move it to the
controlled area of the plant where radiography is to be performed.

If the use of a vehicle is necessary to reach a jobsite, the above
personnel must follow procedure set forth in the article "Shipment
and Transporting Radioactive Materials", inciuded in this Attachment 4E.

Uron arrival at o jobsite, the radiographer shall notify the customer
of the presence of radioactive material or other penetrating radiation

producing equipment, and the procedures that are to be followed
while on their premises, or in their area.

The customer shall be responsible for the notification of their

personnel that radiography is to be performed. The radiographer may
assist in this practice.

The radiographer or the Radiation Safety Officer shall advise the
customer of the availability of this published procedure to them for
their information, and to advise them of the CTS radiation safety and
control procedures to be used.

Equipment Inspection and Maintenance

5.8.1

5.8.2

Prior to performing any radiography; Radiographers shall inspect all
components of radiographic exposure device and related support
equipment, following the items listed on the "Daily Utilization Log"
Control Form #1 which is attached to these instructions.

A detailed inspection of cll radiographic equipment will be performed
by the radiographer to check for any equipment deterioration thru
normal use and wear, physical abuse, or corrosion, prior to performing
any radiography.
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5.8.3 Daily Utilization Log Control Form #1 shall be used for records and

5.8.4

5.8.5

must be filled out and turned in upon completion of the days work,
by the rad!ographer

The radiographer must cease further use of all radiographic equipment
anytime radiographic equipment is involved in any fire, vehicle
accident or severe stresses, such as dropping frem a high place and
submersion in water, and any moajor discrepancies found during daily
inspections, which would make the exposure device unsafe for
operational use. Radiographers shall report device defects as
required by 10 CFR, Part 21, a copy of which shall be posted at the
Calumet Testing Services, Inc. main office. Failure to report device
defects shall be cause for immediate dismissal of the individual

from the radiographic operation.

A copy of the suggested inspection and maintenance of exposure
devices by the manufacturer will serve as a guideline for all inspection
of radiographic equipment. This information will be available to all
personnel and will be ottached to these OPERATING & EMERGENCY
PROCEDURE INSTRUCTIONS.

5.9 Equipment Operating Procedures

5.9.1

Always have an operating ond properly calibrated radiation survey
meter at hand ond use it, before, during and upon completion of
radiographic operations, following the numbered operations:

(1) Remove the protector cap from the lockbox, thereby exposing
the pigtail connector.

(2) Crank the control cable to a length of approximately six inches.
(3) Connect control cable to pigtail.

(4) Crank control cable in, so that male connecting thread can be
screwed into lock box.

(5) Screw control cable into lock box.

(6) Remove sofety plug from protruding nipple located approximately
1" from top of unit.

(7) Connect source tube.

(8) Place free end of source tube in desired position trying to keep
it in a straight line without kinks,

(9) Stretch control coble away from exposure device in as straight
a line as possible.

(10)  Unlock the unit by turning the handle back (counter-clockwise)

which will permit the key to be turned.
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(11)  Crank the source out as smoothly as possible. When you feel

that source is approaching end of source tube, slow turning speed
so that pigtail does not strike the end of the source tube with
undue force.

(12) Survey to see that radiation levels do not exceed 2 MR per one

hour at the perimeters of controlled radiation area.

(13) At the end of exposure, retract source into unit.

(14) Now for the most important step of all: Survey the guide tube

and exposure device carefully to be sure that source returned
to a sofe position into the unit. Record the results of the survey
after the final exposure, on the daily utilization log.

(15) Turn crank back (counter-clockwise) and depress lock plunger.

(16) Disconnect cable.

(17) Screw safety cap into place.

(18) Disconnect source tube.

(19) Insert safety plug.

5.10 Emergency Operating Procedures

5.10.1

5.10.2

An emergency situation consists of any events which may occur during
radiographic operations which are not covered or provided for in normal
operating conditions. It shall be the responsibility of the radiographer,
assistont radiographer, Radiation Safety Control Director and any other
CALUMET TESTING SERVICES personnel to follow explicity the
following and any other emergency procedures which may apply. A

copy of these emergency procedures must be with radiographic personnel
whenever radiographic operations are being done.

In the event the radiographe. thinks he has an emergency situation,
he will immediately notify one of the following persons: One or
more of these persons will be available (on call) whenever there are
radiographic operations being done and wherever they are being done.

(1)  Mr. John Korienek
9620 S. Ceniral Park
Evergreen Park, Illinois 60642
Phone: Home (312) 424-0401
Office (219) 923-9800
CTS Radiation Safety Officer

(2) Mr. Thomas Keilman
2323 Ridgewood Avenue
Highland, Indiana 46322
Phone: Home (219) 972-0759
Office (219) 923-9800
CTS Radiation Safety Control Director
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(3) Mr. Robert .. Vidimos
8802 Woodward Avenue
Highland, Indiana 46322
Phone: Home (219) 923-3407
Office (219) 923-9800
CTS President

(4)  Mr. Alen J. Meyer
6460 Eost Margaret
Monee, Illinois 60449
Phone: Home (312) 534-1143
Office (219) 923-9800
CTS Internal Auditor

(5) Health Physics Associates Ltd.
3304 Commercial Avenue
Northbre ok, Illincis 60062
Attention: Mr. Bill Rivkin
Phone: (312) 433-3330

NOTE: This company's source -
recovery service - may be utilized by CTS

The above personnel will have thorough knowledge of emergency situations
which may occur during radiographic operations. Upon being contacted

by the radiographer, they will determine if an emegency exists and if so

will assume the responsibility for further action in regards to the emergency.
The Radiation Safety Control Director of CALUMET TESTING SERVICES,
INC. will have the ultimate responsibility for all necessary corrections,
reporting and notifying management of all emergency situations. The
Radiation Safety Control Director shall handle all necessary correspondence
with the Nuclear Regulatory Commission in regards to emergency situations.

The CTS nondestructive testing person in charge of radiographic operations,
when an emergency condition exists, shall exercise control over the
radiation area and shall not leave the area uncttended. The radiation area
or inoperative equipment shall not be left unattended. Recruit assistants
from oﬂ;r personnel to make phone calls and act as surveillance or

go to help.

It is the responsibility of the radiographer and assistant raodiographers to
keep on hand at oll times the phone numbers and location of the Radiation
Safety Control Director and other Radiation Safety Control Personnel.

A list of Radiation Safety Cintrol personnel is included in this section

Situations or other normal events shall be reported to the Radiation

Safety Officer by the rodiographer, assistant radiographer, or other
CTS NDT personnel regording the following:

(A)  Actual or suspected over-exposure to any person.
(B) Actual or suspected malfunction of a rediation exposure device,
(C)  Actual or suspected malfunction of radiation monitoring devices.

. BRTROLNO. 79 R 75
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3.10.7 Should an emergency arise due to a malfunction of a gamma exposure
device (source connection failure, drive cable malfunction, etc.) where
the source is left in an exposed position, radiographic operations shall
cease immediately and the following action taken:

(A) Remove all personnel from the radiation area, that area where
the radiation level is greater than 2 MR hour.

(B) Post radiation signs and erect a barricade (rope) when possible.

(C) Inform responsible personnel of the customer or other persons
with a-need-to-know.

(D) Determine to the extent possible, without excess exposure, the
position of the source and what caused the malfunction.

5.10.8 Immediately notify the Radiation Safety Officer or other Radiation
Safety Control Personnel of the situation and await instructions
from either the Radiation Safety Officer or the Radiation Safety
Control Personnel.

5.10.9 Should a fire occur in a customer's plant or on a jobsite, radiographic
operations should immediately be stopped, by retracting the source or
shutting off the X-ray unit, the equipment dismantled and removed
to a safe area. Radiation signs and barricades are to be removed
when time permits. if conditions exist that make source retraction,
unit shutdown and equipment removal impossible, it will be the

radiographer's responsibility to notify the fire and police departments
on their orrival ot the scene.

5.10.10 Should an outomobile accident occur involving a CTS vehicle carrying
rodioactive material, the following procedures should be followed.

(A) Give ossistance to any persons raquiring it,
(B) Secure all gamma exposure equipment.

5.10.11 Each CTS vehicle used to transport radioactive material shall have
posted, in a conspicuous location, a sign stating that the vehicle may
contain radioactive material ond that a possible radiation hazard
may exist. This notice shall list the CTS address, telephone number,
the Radiation Safety Control Diractor's name and show home telephone
numbers that may be called in emergencies. This notice is required
in the event that the vehicle or driver is unable to follow these
procedures or give assistance.

3.10.12 If gamma exposure device Is suspected of becoming unsafe, either as
a result of an automobile or other accident, the equipment shall be
surveyed with a survey meter to determine its condition. Immediately

notify the cognizant authorities when possible, ond follow emergency
procedures.
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A radiographer or assistant radiographer shall not resume
radiographic operations, after an emergency, without the
authorization or approval of the Radiation Safety Control Director.

In cases where the radiographer or assistant rodiographer receives,
or is suspected of receiving an excessive dose of radiation, the
Radiation Safety Control Director shall determine and direct the
return of such persons to radiographic functions.

Radiation equipment involved in an accident or incurring @ malfunction
shall not be returned to service until such time as its operation has
been thoroughly checked and approved by the Radiation Safety

Control Director.

Procedures for an over-exposure or suspected over-exposure to any
person, as a result of X-ray or gomma ray radiation shall be done
by the Radiation Safety Control Director as follows:

(A) Film badges belonging to the persons involved shall be
immediately sent to the film badge supplier for processing.
The film badge supplier shall be notified of such actions and
that bodge results ace to be telephoned as soon as possible.

(B) Notify CTS Management immediately by telephone and follow
up with a complete detailed written report.

(C) The Radiation Safety Control Director shall determine if
medical examinations are to be made and if additional
requirements are necessary.

(D) In the event a dosimeter is found to be off scale, points (A),
(B), and (C) above shall be followed. The radiographer who
experiences an off scole dosimeter reading should notify the
Radiation Safety Officer of an off scale reading on his
dosimeter, and submit this film badge to him for immediate
processing by the film badge supplier. The radiographer will
not be re-assigned to radiographic work until the film badge
results return to CTS for appraisol by the Radiation Safety
Centrol Director.

At the conclusion of an emergency situation, and after corrective
action has been taken all personnel involved shall submit a written
detailed report to the Radiation Safety Control Director. The
Radiation Safety Control Director, in addition to this report shall
also indicate what action has been, or will be taken to prevent
reoccurence.

Should radiation producing equipment be lost or stolen, the Radiation
Safety Control Director shall immediately notify the authorities.
The authorities shall be given descriptive details of the lost or stolen

equipment, and in the case of gamma exposure devices, advised
that unauthorized use may result in radiation hazard.

Page 27 of 43
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5.11 Shipment and Transportation of Radicactive Material

5.1

5.11.2

5.11.3

5.11.4

5.11.5

5.11.6

5.1..7

5.11.8

3.0L9

Shipment of sources and radiographic devices, to and from source

and equipment suppliers, shall be made by a commercial carrier

or by CTS personnel. Shipment of sources and equipment shall be

done in a container specifically made for such a purpose. Shipping
containers shall be securely fastened so as to make entry difficult,
except to authorized personnel.

All shipping containers shall be marked with a Radicactive Yellow
lIl Label, showing that the contents are radiocactive. The labels
shall contain information as to the radioactive content, Iridium 192,
Cobalt 60, etc. and the activity (curie strength). The radiation
level 3 feet from the external surface of the container shall not
exceed 10 millirem per hour, and 200 millirem per hour on the
container surface.

The outside surface of the shipping container shall be monitored
with a survey meter to determine that the level of radiation does
not exceed 200 millirem per hour on the surface, and 10 millirem
per hour 3 feet from the container surface. If levels in excess

of those above are found, notify the Radiation Safety Control
Director, who will immediately notify the Radiation Safety Control
Director, who will immediately notify the appropriate U.S.N.R.C.

regional office. The shipping container shall be clearly marked as
to the shipper and receiver.

Radioactive material (sealed source) contained in a Type B
exposure device may be transported in CTS vehicles without
shipping containers, when going to and from a jobsite.

Gamma cameras shall be placed as far away from the driver as
possible when transporting in a truck or automobile.

The radiation level at the driver's location should not exceed 2 MR
hour. A survey meter shall be used to monitor this reading. If the
driver's location exceeds a level in excess of 2 MR hour, shielding
shall be provided to reduce the level to 2 MR hour. The outside
surfaces of a vehicle transporting radicactive material shall not

exceed 2 MR hour. A properly operating and calibrated survey
meter shall be used to determine this level.

Gamma equipment carried in CT § vehicles shall be tied or braced
against movements and to avoid over turning or damage.

All vehicles used by CTS for transporting radioactive materials
must be posted with signs as called for in accordance with
Department of Transportation Regulations which apply.

Each vehicle used for transportation of sources shall be posted with
placards on all four sides. These placards will read: "RADIOACTIVE",
and shall meet the requirements set forth in U.S.N.R.C. and

D.0.T. Regulations.
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5.11.10 The internal compartment of the vehicle were the source is
contained shall be posted with a standard radiation caution signs:
"CAUTION: RADIOACTIVE MATERIALS." All signs to be used

for posting of vehicles shall be approved by the Radiation Safety
Control Director.

5.11.11 Vehicles used for transporting radioactive material shall be kept locked
at all times when not in direct attendance of the driver, except when
radiocactive material has been removed.

I 5.11.12 The radiographer shall be responsible for keeping certain reco ds
whenever using the radioactive equipment. These records cre:

' Control Form #1. They should be turned into his supervisor upon
completion of each days work. Examples of these forms are attached

' to these procedures for the radiographer's information.

5.1.14 Radioactive materials in an unrestricted area and not in storage shall

be tended under the constant surveillance and immediate control
of radiography personnel.

" EONTROLNOG. 79876



ITEM 10 (continued) Poge 30 of 43

Rev. 9-1-83
Rev. 9-23-85

ATTACHMENT é1

8.0 LEAK TESTING PROCEDURES

8.1

8.2

8.3

8.4

Leak testing requirements will be met by the use of a Leak Test Kit supplied
by an outside company, with an NRC or Agreement State Llicense to
perform the service.

8.1.1

8.1.2

8.1.3

This kit will be used in strict accordance with the instructions
provided by the service companies.

The Leak Test Kits will be supplied by:

(a) HEALTH PHYSICS ASSOCIATES LTD.
3304 Commercial Avenue
Northbrook, Illinois 60062
NRC License No. 12-09160-01
Phone (312) 273-2525

Kit HPC - 14 or Kit HPC - 1

(b) SOURCE PRODUCTION AND EQUIPMENT COMPANY, INC.
625 Oxley Street
Kenner, Louisiana 70062
Lovisiana License No. LA-2%966-L01
Phone (504) 464-9471

Kit Model 1

Sample instructions are attached to this section.

The Radiation Safety Control Director, Radiation Safety Officer or a
designated Radiographer under their direction shall perform all leak tests.

All source disposal will be done by the manufacturer.

8.3.1

Any source changing will be done by CALUMET TESTING SERVICES,
INC., following the manufacturer's instructions (Procedure Enclosed).
They will be changed by the Radiation Safety Control Director,
Radiation Safety Officer, or a radiographer under their direct
supervision.

Aleck test shall be performed for each sealed source of radicactive material
under the following condition:

(M

(2)

Upon receipt of a new source by Calumet Testing Services, Inc.
if leak test records were not furnished by the manufacturer or
a leck test was not performed within é months of transfer.

Subsequent intervals not to exceed six months.



ITEM 10 (continued) Page3] of 43

Rev. 9-1-83
Rev. 9-23-85

ATTACHMENT 6l (continued)

8.5

8.6

8.7

Each leak test shall be monitored after the wipe and before packaging.

Any test showing a reading of 2 MR/hr. or greater shall be immediately
reported to the service company. No leak test with a reading of 2 MR/hr.
or over shall be mailed or disposedof without permission from the Radiation
Safety Control Director.

Leak test wipes will be performed ol one or more positions on the gamma
equipment as follows:

8.6.1 On disposal of o source - at the gamma projector port, and on the
source drive cable connector. The same swab shall be used on
both locations. This procedure shall be followed after the source
has been put into the source changer. This same procedure shall
be followed indisposing of a source when shipping in a gamma
projector.

8.6.2 At intervals not to exceed six months - At the gamma projector
port with the source retracted to the stored position.

CALUMET TESTING SERVICES, INC. upon receiving notice that suspicion
exists of a leaking source, shall cease radiographic procedures immediately,
and all ggmma equipment shall be returned to the lab and secured.
Suspected gamma equipment will not be used until released by the
Radiation Safety Control Director.

Records ofleak tests results shall be kept on file by the Radiation
Safety Officer for two years.
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SA PRECAUTIONS:

The operator shall wear a film badge and/or dosimeter and the disposible

- gloves provided while taking the wipes. The gloves are removed after the
wipes are placed into the test tubes by a sterlle technique (L.e., by
grasping inner surface at urintl. The gloves ure placed in the bag provid
and returned to HEALTH PHYSICS ASS

LEAK TESTING PROCEDURES:

’
2,
3.

ATTACHMENT 61 ITEM 10 (continued) S :

LEAK TEST KIT Mup-Cl4
LEAK TEST INSTRUCTIONS FON

GAMMA INDUSTRIES, INC. "CENTURY™ GAMMA RAY PROJECTORS
HEALTH PHYSICS ASSOCIATES LYD. ( ONSULIANTS IN iTADIATION SAFETY

3304 COMMERCIAL AVENUE | NORTHOAROO L BOORZ | IMHONE S, 312/8064.3330 /| CHICAGO ¢ 2732838

swab sticks in tubes
vial with detergent (Turco)
pair plastic gloves in bag
set of wipe test instructions
information sheet

el e ™)
& A B OB

OCIATES. Wash hands when through.

Add water to test tube containing detergent until 1t is approximately

balf full., It will be used to wet swab sticks before making wipes.

Be certain the source is fully retracted into source housing by checkl

for normal radiation levels with a survey meter.

Remove source tube or safety plug from protrudinb nipple espproximately

1" from top of shield.

Wet swad stick #1 with detergent furnished; squeeze off excess and wip

the interior of the hole thoroughly. Replace swab stick into test tub

Wet swab stick #2 in detergcnt furnished, and wipe thoroughly inside
source cable, as far as the swab stick will reach, at end that connect

to the shield. Replace swab stick into test tube,

Wet swad stick #3 with detergent furnished, and wipe all external
surfaces of projector cable connections. Point of entry into shield,

nozzle connector and any other Jolnts In projector cable. Replace swa

stick #3 into test tube.

Place all ewab stick tubes In returnuble mailing container, remove
loves per instructions above and place in bag provided for return to

LTH PHYSICS ASSOCIATES.

Set survey meter to its most sensitive range in a low background area.

Bring container with sw."s to meter and note maximum deflection of

meter above background.

If meter indication is 0.4 mR/hr or less, above background, place the
return label provided on container and return to HEALTH PHYSICS ASSOCI

ATES, with completed information shect enclosed.

If available survey meter is not a Gelger counter type (e.g., lon chan

and cannot read down to 0.4 mR/hr, determinlne that reading is less tr

2.0 mR/hr on contact. Return contalner to HEALTH PHYSICS ASSOCIATES ©

RBA expresu. Do not ship 10 Indleated carfnce nebivity In groater the

2.0 mR/hr, wnd call HEALTH PHYSICH ALDOCTATES for further Innbruction:

l
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Wipe Test Instructions ror

Medical Teletherapy Users
Kit HPC-1
% HEALTH PHYSICS ASSOCIATES LTD.  ONVUITANTS IN HADIATION SAFETY
2388 SHONIE VALLEY ROAD HIGHL AND AR 1L PHONE. AREA (012) 4023-33230
L0 §H

1 = Tube containing, weltimg: aoent
1 Pair - Polyethylene ~lLoves in bug
3 Sets - Wipe sticks in plastic test tubes

1 Set - Wipe test instructions and informetiocn sheet
1 - Returnable shipping container

Radiation Safety Precaution.:

The operator should wear a film badge or Josimeter and the disposable
gloves provided while taking tne wipes. Tne tsloves are removed after the
wipes are plBCEG into the test tubes by ¢ uterile tgcnnique (i.e. by gras-

ping inner surface at wrist). The gloves are placed in the bag provided
and returned to liealth Phycic:s sssociates., Wash hands when throu;h.

Always ascertain that the source is in "OFF" and shielded position
before beginning test. ‘

Wipe procedure:

1. Pour several cc of woter into test tube containing a wetting agent.
Each wipe stick is to be moilstened in this solution prior to making esch

wipe.

2. Molsten #1 stick, squeeze off excess and wipe Inside ol source head
on c°111m‘t1n8 1eave:"' ar i“~'i"" ol ol limat ‘”', Cone ho'll"!r. or outslbde "lt‘
pllltic window on CUlllannF. whichever ol above in svilloble withut dle-

mantling unit. Insert wipe into #1 tube and sttach cap to tube,

3. Moisten #2 wipe stick, squeeze off cxcess and wipe area around open-
ing through which source has Leen inserted into the housing (loading screw),

4. Moisten #3 wipe stick, squeeze ofr excess and wipe crevices and
cracks about exterior surface of source housing. If extra collimeting

cones are used, wipe inside of all cones with same wipe stick. Insert wipe
into #3 tube eand attach cap to tube.

5. Insert all tubes and gloves into shipping contaliner with completed
information sheet for return to Health Physics Assoclates using shipping
label enclosed.

6. Use Survey meter to determine that level of radiation on external
surface of shipping container is less than 0.4 mr/hr. If survey meter is
unavaileble, contact Health Physics Assoclates. 1If reading is greater, do

not send wipes and phone Health Physics Assoclates immediately for further
instructions.

EONTROLNO. TO875
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JMPORTANT - READ CAREIULLY BEFORE CHANGING SOURCE

SOURCE CHANGING INSTRUCTIONS

FOR C-10 SHIPPING CONTAINER
Revised 4/23/74

Attache is a cross-sectional view of the shipping container used
for tkansporting your pigtail source. The container has two lock
boxes--one on each side. The upper lock box is labeled

"NEW SOURCE" and the upper %ube contains the new source. The
lower lock box and tube contain a safety plug when shipped to you.
The lower tube will be us«J 1o return the decayed source to

Gamma Ind sy ies.

The followii procedure should always be followed in the scurce
changing opevation:

ALWAYS HAVE A FROPERLY OPERATING SURVEY METER AT HAND

1. Survey the C-10 shipping container with meter. The radiation
intensity should not exceed 10 mr/hr at 1 meter from any sur-
face of the C-10.

2. Open the lower lock of the C-10 shipping container. Remove
the safety plug.

3. Conaect one end of short exchange tube (provided in the
shipping barrel) to the lower Jock box of the C-10 shipping

conteiner. Actach the other &i:d ui the short exchange tube
to your camera.

/N CONTROLS

i YOUR
SHIPPING
CONTAINER 48.‘ CAMERA
e -
S NE—————

4. Cxwk your old source into the C-10 shipping container until
it reaches a definite stop.
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Survey to assure that th: old source has reached a safe
posIElon.

Lock the lower lock of the C-10 shipping container onto the
old pigtail locking ball. You must be aware that the source
could be removed from the open end of the lock box if the
lower lock is not locked.

Remove the short exchange tube from the C-10 shipping con-
tainer. Disconnect the control cable from the old pigtail.
(Attempt to move the pigtail into and out of the C-10 shipping
container to assure the lock is depressed upon the pigtail
locking ball. If the pigtail can be moved, then open the
lower lock, carefully move the pigtail, and lock the lock upon
the pigtail Tocking ball. This will assure that the old
source will remain properly locked and shielded during the
return shipment,)

Remove the source protector cap from the upper lock box and
attach the source protector cap over the old source pigtail
in the lower lock box.

Attach the control cable to the new pigtail which is in the
upper lock box.

Attach short exchange tube to the C-10 shipping container
upper lock box.

N8 -

€-0 YOUR
SHIPPING

Unlock the upper lock from the new source.

Standing as far away as possible, crank the new source from
the C~10 shipping container into your camera,
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13. Survey.

14, Lock your camera lock.

15. Remove the short exchange tube from your camera. Remove the
short exchange tube from the C-10 shipping container.

16. Insert the safety plug into the upper tube of the C-10
shipping container. Lock the upper lock of the C-10 shipping
container.

17. Survey.

18, Place the C-10 into the barrel in the same orientation which
it was received. Place the short exchange tube¢ into the
barrel. Place the top on the barrel and secure with the
locking ring.

19. Insert a safety seal into the barrc. locking ring.

20. Survey. (The radiation intensity should not exceed 200 mr/hr
at any barrel surface or 10 mr/hr at one meter from any barrel
surface.)

END

OF SOURCE INTERCHANGE INSTRUCTIONS

Be sure that you:

1. Attach two "Radiocactive Yellow-III" labels to the
barrel.

2. Measure and write the transport index upon the
affixed labels.

3. Properly fill out all shipping documents.
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SOURCE PRODUCTION & BQUIPMENT CO,, INC,
OPERATION INSTRUCTIONS
MOD C~-1 SOURCE CH
DESCRIPTION:
The SPEC Model C-1 Source Changer is for the exchange of "pigtail

type" radiograpghy sources. It is designed with safety as the prime
consideration, and 1f you follow these procedures carefully you
should be able to change a source with virtually no exposure to
yoursedf or others. Please read the following instructions care-
fully before operating or shipping the unit. You will note that

there are three separate closures, the plunger lock, the protector

cap and the lid of the container, incorporated in the device to

assure that the source is maintained in an absolutely safe position

during the source exchanging, while the device is being secured,

and during all phases of shipment,

A. Upon opening the container you will note that the interior

is painted in two colors, one half red and the other half

blue. The tube in the red side has the "HOT" source in it

and the tube on the bluec side is the one in which you will

place your “COLD" or decayed source for return to supplier,

Each side is appropriately labeled "NEW SOURCE" and “OLD
SOURCE"

On the side wall of the container are two spring loaded

plungers. These plungers Project into the source tubes and

act as locks to hold the pigtail in place during shipment

and during connecting for @xchange. Unfortunately locks can
lock things QUT as well as AN, so be sure to follow the instruc-

tions yvery carefully in this regard. Now proceed with the
directions below.
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7.

Upon receipt of shipment, survey to determine if surface

reading is greater than 200 mr/hr. If significantly greater,
notify shipper and proper authority within your company and
regulatory agency, after barricading container or isolating it
in some way to minimize dosage to yourself and others. Do not

proceed until your company RSO authorizes.

If radiation levels are less than 200 mr/hr., break tamper seal

and open padlock using key or combination provided.

Open both top and side doors to their fully extended positions

exposing the outlet tubes on top and the lock plungers on the
gide,

Pull the lock plunger on the blue side and turn to the left,

This unlocks the plunger by holding it in the retracted position,

Connect one end of the source exchange tube provided in the
container to the uncapped outlet tube in the top of the container.

Connect the other end of the exchange tube to the outlet of the

exposure device.

Properly connect drive cable to the depleted source in the

“camera” and hook up controls to the exposure device.

With a correctly functioning survey meter in view, next to the
source exchange tube, crank the depleted source into the C-1
changer until the source reaches a definite stop and the survey

meter indicates that the source has reached a shielded position,.
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10'

11,

12.

13.

14,

15.

16.

17.

Carefully survey the container to ascertain that the source is

in a safe position.

* Lock the container by turning the lock plunger 1/4 turn to

the right and release. The pPlunger will lock down on the
source. The knurled knob of the plunger has to seat on the

barrel of the plunger housing. If it doesn't, jiggle the

source with the control cable crank, until it does seat,
Detach the source exchange tube from the container tube.
Gently pull the pigtail to be sure it is locked in.

CAUTION-- If you can withdraw the pigtail more than l% inches,
it probably is not locked in. 1In this case, pull the lock

plunger out and shove the pigtail down into the tube and reseat

the plunger.
Disconnect control cable from pigtail,.

Remove protector outlet cap from outlet tube on the red side of

container,.

Place protector cap on tube on blue side,

Secure source exchange tube to camera and crank control cable

thru it until approximately 8 inches of cable protrudes from loose

end of source exchange tube. Connect drive cable to new source.

Attach loose end of source exchange tube to shipping container

outlet on the red side.
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29.

2l.
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Pull the lock plunger on the new source side of the container
and turn 1/4 turn to the left. This unlocks the plunger and

the new source is free to be extracted from the container.

With a correctly functioning survey meter in view next to the
source exchange tube, and while standing as far away as possible,

retract the sowce into the exposure device.

Carefully survey the exposure device to ascertain that the

somrce is in the safe position. Lock exposure device.

Remove source exchange tube from both exposure devices and outlet
tube.

Turn the lock plunger in the empty red tube 1/4 turn and release.

This allows the side door to be closed.

If side door is prevented from closing by either lock plunger, the
plunger is not properly seated.

Place source exchange tube in top of container,

Close the top door and affix lock.

Survey container to determine if D.O.T. requirements are met,

Radiation level should not exceed 200 mr/hr, at surface of container.

- pEoNRoLNO. 7O B 78&
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SUMMARY OF SHIPPING INSTRUCTION

It is imperative that all Department of Transportation requirements

be met. To assist you in Properly preparing the container for ship-

ment, we have enclosed a packet of return shipping labels and «
tamper seal. We hope the following check list will be helpful.
1. Survey Container - Do not ship if container reads greater than

200 mr/hr on the surface.

2. Determine the transport index by surveying 3 feet away from all

accessible surfaces of the container including the bottom. (When

shipping a depleted source, the index will usually be less than 1),

The transport index is the highest reading obtained, rounded off to

the nearest 1/10 mr.

3. Write this transport index in the square on the radiocactiva III

label. Also indicate the isotope (IR 192) and the number of curies.

4. Attach two radioactive IIT labels to the shipping package, one cn

each side.

5. Make sure the container is locked and affix a tamper seal.

6. Attach the address tag (consignee) to the tamper seal or in a

conspicious location on the container,

7. Attach a complete “shippers certification" to the freight bill,

Iridium 192 falls in Group III, is in Special Form and is Type B if

more than 20 curies, (type A if less than 20 curies),
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NOTE: Survey with survey meter. |t meter detects radiation do not mal
envelope. SPEC for instructions.
Phone 504/484-8471




ITEM 11
WASTE MANAGEMENT

Licensed material will be disposed of by transfer to the original supplier.
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