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SCOPE

These instructions apply to license number 48-05395-01
granted to The Vollrath Company by the Nuclear Regula-
tory Commission and are subject to the limitations of
that license. If any conflictions arise between these
instructions and the Federal Requlations due to subse-
guent changes or additions to the latter, the latter
will govern. This license and related data are for

Cobalt 60 and Iridium 192 sources.




TABLE OF CONTENTS

Section: Title
A RESPONSIBILITY FOR CONTROL OF SEALED SOURCES,
INCLUDING ORGANIZATIONAL STRUCTURE
B DUTIES OF PERSONNEL IN GAMMA RADIOGRAPHY PROGRAM
e MANAGEMENT CONTROL PROGRAM ;
D QUALIFICATIONS AND EXPERIENCE OF GAMMA RADIOGRAPHY
PERSONNECL
E RE§PONSIBILITY FOR RADIATION PROTECTION PROGRAM
F INSTRUCTION OF PERSONNEL ON RADIATION HAZARDS !
A i
)‘ G SAFE OPERATION OF RADIOGRAPHIC EXPOSURE DEVICES y
H MISCELLANEOQUS '
|
4 REVISION OF PROTECTION PROCEDURES :
J TRAINING PROGRAM FOR RADIOGRAPHERS AND RADIOGRAPHERS' f
ASSISTANTS ;
K DISTRIBUTION :
i
i

T T W e e

A.D.




A. Responsibility for Control of Sealed Sources -

Including Organizational Structure

The use and instruction for usage of sources will be under the
supervision of Glenn A, Kurtz, Foundry Division, General Supervisor-
Administration. In his absence, delegation will be to the alternate
Radiation Safety Officer.

In case of emergency in "off hours", the following people will be
notified by telephone:

R.L. Vandermus - Plant Maintenance Service Operations

Manager
Home Telephone------ 467-6730
Vollrath Extension------- 311
G.A. Kurtz - Foundry Division, General Supervisor-
Administration
Home Telephone------ 452-0887
Vollrath Extension-=----- 248
G.P. Neumann - Foundry Division, Quality Control
Home Telephone------ 458-5391
Vollrath Extension------- 309

A sign bearing the above mentioned names and teiephone numbers has

been posted on the outside of the always-locked double door for the
benefit of local authorities who have been so advised. A similar list
is also posted at the entrance to the maze, at the foundry office and

in the plant guard's gate house. In addition, the intra-plant telephone
extension numbers of the above perzonne! are always included on the
tabulation.
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RADIOGRAPHIC ORGANIZATIONAL STRUCTURE

Glenn A. Kurtz

General Supervisor-Administration
(Management Representative and
Responsible for Control of Sealed
Sources, Radiation Safety Officer)

Gordon P. N nn Russell Vandermus
Quality Control Division Manager
(Procedures, (Maintenance Service)
Regulations &

Correspondence),

Radiographer

Don Lawrence
(Radiographer)

Nate Nanninga

Project Engineer John Andrews
(Backup-for Procedures, Quality Control
Regulations & Correspondence; (Radiographer)
also alternate Radiation

Safety Officer),

Assistant Radiographer

NOTE: See following pages listing the duties and qualifications of all personnel in the gamma program.




1)

2)

3)

4)

6)

B. Duties of Personnel in Gama Radiography Program

Glenn Kurtz - General Supervisor-Administration - as the gamma
radiation facility is an integral part of casting inspection
employed for the maintenance of a high casting quality level in
the foundry operations, he is responsible for the operation and
use of the gamma facility. Also, as management representative
in the gamma program, through his authority, new equipment which
would improve the effectiveness of this facility is reviewed

and taken through the company authorization process. He will
also serve as program Radiation Safety Officer.

Russell Vandermus - Electrical Engineer - Plant Maintenance
Service Operations Manager - is responsible for any maintenance
needed to the gamma facility.

Gordon Neumann - Metallurgical Engineer - Radiographer -
responsible for procedures, regulations and correspondence with
the Nuclear Regulatory Commission.

Don Lawrence - Radiographer - under the direct supervision of
Mr. Glenn Kurtz, is responsible for performing the daily
operations.

Nate Nanninga - Foundry Project Engineer - in order to provide
depth and backup capabilities in the areas of procedures,
regulations and correspondence; also Assistant Radiographer.
He will also serve as alternate Radiation Safety Officer.

John Andrews - Assistant Quality Control Manager - Radiographer -
in order to provide backup capabilities for radiographer.
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C. Management Control Program

Glenn Kurtz

As head of all foundry operations, of which the gamma room is
an integral part, the radiographer is directly accountable to
him. He has a direct knowledge of the radiographer's daily
work schedule, and he also reviews the films. This close contact
to the gamma facility insures a safe operation. He also
consults with all personnel and thereby maintains a free flow
Of information from the gamma room facility to upper company
management. This direct line of communications insures that
company management is kept well informed on all current gamma
facility functions. He will also serve as program Radiation
Safety Officer.

Russell Vandermus

As electrical engineer, Russ is the manager of plant maintenance
services. Though there are only a few items of electrical

and mechanical equipment in the gamma room, it is extremely
important and necessary for this equipment to be operating
properly. His management position in the company organization
insures that when maintenance is required, a top level priority
for repair is followed.

Gordon Neumann

As metallurgical engineer, he is in charge of casting quality,

as related to gating and risering and internal casting integrity.
Mr. Neumann spends considerable time in the gamma operation as
compared to the rest of management personnel. Films are reviewed
daily with the radiographer and new Nuclear Regulatory Commission
regulations or regulation changes are discussed. He is also a
qualified radiographer.

Nate Nanninga

He is a metallurgical enginezr in charge of new processes and new
product development in the Foundry Division. In this capacity,
he works closely with the radiographer and is a valuable asset
toward maintaining a safe operation. His efforts will be devoted
toward NRC regulations, pending changes, and related radiography
compliance, in addition will perform all duties of assistant
radiographer. He will also serve as alternate Radiation Safety
Officer,.

John Andrews

Assistant Quality Control Manager, in this capacity, works full
time on improving casting quality and is liaison to foundry
production departments in initiating shop samples. In addition,
he will perform all duties of radiographer.

c-1
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D. Qualification and Experience of

Name

Glenn A. Kurtz
(Management Repre-
sentative and Re-
sponsible for Control
of Sealed Sources)

Russell Vandermus
(Division Manager,
Maintenance Service)

Gordon P. Neumann
(Procedures, Regula-
tions & Radiographer)

Nate Nanninga

(Backup responsi-
bilities for Procedures,
Regulations and
Correspondence);
Assistant Radiographer

John J. Andrews
(Assistant Quality
Control Manager);
Radiographer

Don Lawrence
(Radiographer)

Radioaraphy Personnel

-Gamma Industries Training Course held

in Baton Rouge, LA, July 16th thru

July 20th of 1979. No prior radiography
experience, or industrial radiation
exposure.

-Nuclear Systems Training (ourse in
Philadelphia, PA, July 14-15-16 of 1959,
In radiography program to date.

-Budd Company Training Course in
Philadelphia, PA, March 22-23-24 of 1966.
In radiography program to date.

-Gamma Industries Training Course held
in Baton Rouge, LA, July 16th thru
July 20th of 1979. No prior radiography

experience, or industrial radiation exposure.

-Gamma Industries Training Course held in
Baton Rouge, LA, Sept. 8th thru Sept. 12th
of 1980. No prior radiography experience or
industrial radiation exposure to date.

-Gamma Industries Training Course held in
Baton Rouge, LA, Dec. 7th thru 11th of 1981.
No prior radiography experience or industrial
radiation exposure to date.




E. Responsibility for Radiation Protection Program

G. A. Kurtz will be responsible for radiation protection and
reporting of any emergency condition to the Nuclear Regulatory
Commission.

The established maximum permissible exposure 1imits for
radiological and non-radiological personnel are as follows:

Restricted area: 1-1/4 Rem, per calendar quarter
Unrestricted area: 2 Millirem per hr., or 100 Millirem
in any seven consecutive days.

Dosage rates in excess of those specified above must be reported
to the Safety Officer immediately, who will notify Region III

of the Nuclear Reguiatory Commission. Always up-to-date addresses
and telephone numbers are posted on the inside of the always-
locked double doors and thus within arm's reach of the telephone.

ControlNe. 7666 8
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F. Instruction of Personnel on Radiation Hazards

All new employees who will be working in industrial radio-
graphy, as well as those currently so engaged, will be
thoroughly informed of radiation hazards and periodic "re-
fresher" sessions will be held in accordance with The Voll-
rath Company's booklet titled “"Training Program for Radio-
graphers and Radiographers' Assistants”.

Continual vigilance will be maintained to direct the radio-
graphy personnel's immediate attention toward:

a. Incaming correspondence from the N.R.C.
as well as new regulations and amendments.

b. Magazine articles and books on related and
current topics

c. Non-Destructive Testing Society meetings.

Testing of the radiographers and radiographers' assistants
continued ability, knowledge, retention, understanding of
and ability to comply with N.R.C.,regu:lations, licensing
requirements and these operating and emergency procedures
are an important part of these instruction procedures.



G. Safe Operation of Radiographic Exposure Devices

\
1) Open-air radiography

No open-air radiography is to be done and none is allowed
under this license. J

2) Internal Inspection System

The radiographer will perform a daily inspection of all warning
devices and security measures as are required in these |
instructions. The safety officer and the foundry operations ﬁ
manager will check on the radiographer periodically to make *
certain that this is being done.

\

.
In addition, the safey officer, or any other personnel listed in ﬁ
the management program, will check and be responsible for
exercising sufficient management control, including inspections,
to assure that all license provisions, N.R.C. regulations, and 3
the "Operating and Emergency Instructions" are followed by the
radiographer and radiographer's assistants.

Postings of current copies of these instructions, federal
regulations, the license and form NRC-3 shall be maintained by the
radiographer,

Ry

|

|

|
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H. Miscellaneous

Any employee who disregards these instructions or
tampers with dosimeters, film badges, radiograrhy
records or any radiographic equipment is subject
to disciplinary action, including discharge.

Annual physical examinations are to be arranged by
the plant nurse for all personnel concerned with

the radiography operation (those carrying film,
badges and dosimeters). Suitable records are to

be kept by the plant nurse. She will also notify
the individuals of the date, time and place of their
appointments and the name of the examining physician.
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I. Revision of Protection Procedures

Procedures will be reviewed every six months and appro-
priate changes or additions made to incorporate addi-
tional radiation protection equipment and facilities and
changes of responsibilities among personnel and changes
in operation. When necessary, approval by the N.R.C.
will be sought through an amendment before changes or
additions are made.
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TRAINING PROGRAM

for
RADIOGRAPHERS AND RADIOGRAPHERS' ASSISTANTS
of
THE VOLLRATH COMPANY

SHEBOYGAN, WISCONSIN

Current License Number: 4£-05395-01
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INTRODUCTION

The following training programs, numbered i, ii, iii, iv and
v are based on the federal government regulations outlined in:

U.S.N.R.C. Rules and Regulations, Title 10 - Atomic Energy,
Part 34, paragraphs 34.11 and 34.31, and appendix A.

These program numbers (i, ii, iii, iv, and v) correspond to

the prefix numbers of sub-paragraphs 1, 2, 3, 4 and 5 of the
above paragraph 34.11.

J-3
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Program
Number

Training-Program Instructors and Their

Qualifications

Conducted By

i

ii

23

iv

Self-explanatory in text of Program Number (i).

Conducted by, and under the direction of the safety
director.

Conducted by the radiographers. They have, by far, the
greatest amount of practical radiographic experience of
anyone at The Vollrath Company. They are each listed
as an "individual user" and their academic, as well as
practical experience, is on file with the N.R.C.

Conducted by the safety director. (See program number
ii, above.)

Conducted by the safety director. (See program number
ii, above.)

A.D.
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(1) INITIAL TRAINING

When more radiographers or radiographers' assistants are
needed in our facility, the individuals considered for such work
must first complete an "initial training" course. This course
will not be given by Vollrath Company perscnnel, but will be
conducted by an independent, disinterested third party whose
program of curriculum and instructors meet the requirements of
the N.R.C. This type of program in radiation health physics is
offered by many companies for a low fee. Because the need for
this type of personnel does not exist in the foreseeable future,
no company or curriculum is here specified. When, and if, this
need does arise, a thorough investigation must be made prior to
the personnel's attendance of the course to assure that complete
approval of the course is given by the N.R.C. based on whatever
the requirements may be at that time.

In addition, the following manuals published by the N.R.C,
will be used:

1) Industrial Radiography Manual

2) Industrial Radiography Manual - Student Guide and
Laboratory Exercises

3) Industrial Radiography Manual - Instructor Guide

4) Working Safely in Industrial Radiography

ControlNo. 7666 &
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(ii) PERIODIC TRAINING

Instructor's copy--may be read aloud by instructor or used as an
outline,.

Opening Statement

This portion of your training is required by Part 34, Title
10 of federal regulations, and is a semiannual "refresher" course
covering material presented in your initial training. Your
attention is called to the following federal regulations
(instructor will read them):

10CFR34, paragraph 34,31, and
10CFR34, paragraph 34,11, and
10CFR34, appendix A.

Your attention is also asked while I read paragraphs 2.2 and
2.3 of NBS Handbook 54, "Protection against Radiation from
Radium, Cobalt 60 and Cesium 137."

This material will be of minimum requirements and should not
be construed that this is all that an individual should know: a
review, as such, is not as thorough as the original course.
Additional information can be gathered from books, pamprlets and
other sources on file in the safety director's office and gamma
building office, upon request.

It is also pointed out to you, that at this point in the
training program, you have successfully completed the outside
radiation and safety program as specified in section i and are
starting in the observation phase of the training program. Two
weeks time will be spent in this phase of the training program,

Areas to be covered include radiation properties, safety,
detection, protection, equipment, federal regulaticns and
operating procedures. Not included in this course will be the
actual mechanics and techniques of making set-ups and exposures
of processing radiographs. You have been made aware of the
potential hazard involved with the application of radioisotopes
and understand why it is imperative that only experienced and
informed personnel be permitted to work with these materials.

At the end of this two week period, the trainee will
complete a written 30 question test. Each question is listed
with a specific point value. A grade of 80 percent will be
considered acceptable, and the percentage correct will be
calculated using the following formula:

grade % = 100 - total point values wrong

total test point value




(ii) PERIODIC TRAINING (Cont'd.)

Opening Statement (Cont'd.)

The questions for this test will be selected from the Gamma
Radiography Master List of Test Questions and graded by the
safety director. Both radiographers and radiographers’
assistants, whose job function it is to perform the actual
radiography work, will review all of the material listed in phase
i1i on a yearly basis and also take the written 30 question test
as specified in this section.

After phase ii, for a new trainee, is successfully
completed, application will be made to the N.R.C., including a
copy of the applicant's test, requesting approval for acceptance
as an assistant radiographer. After approval is received, the
trainee will progress to phase iii, on-the-job training as given.

Properties of Radiation

A - Radia*tion Penetrates Matter.

One of the useful characteristics of x-radiation and gamma
radiation’ that is important to us is its ability to
penetrate matter. When used with recording devices such as
film, it enables us to study the internal structure of
opaque materials. This then, would be a definition of
radiography. The penetrating characteristics of radiation
can also be harmful when the human body is exposed to its
rays. This aspect will be discussed at length later.

T W ———_—— o W

B - X-Ray Radiation.

I have mentioned two types of radiation in connection with
radiography, X-ray and gamma-ray. X-ray, the most commonly
known of the two types, is produced by accelerated electrons
striking a tungsten target. This action takes place in an
x-ray tube, very similar in principle to an ordinary vacuum
tube. A cathode emits an electron cloud when heated and an
anode attracts the electrons. The cathode has a negative
charge and the anode has a positive charge. It is a Physics
law that unlike charges attract each other. By varying the
potential difference between the anode and the cathode, we
can control the acceleration of the electron.

The accelerated electron has stored up energy through
movement. When this movement is suddenly stopped by the
target, a transfer of energy takes place. This energy, that
is given off, takes the form of heat and x=-rays. This
radiation can consist of many wavelengths., By varying the
potential, we can vary the wavelength of radiation emitted.
Increasing the potential will shorten the wavelength. The
shorter the wavelength, the more penetrating power the
X-rays have.




m
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(ii PERIODIC TRAINING (Cont'd.)

Properties of Radiation (Cont'd.)

The amount of radiation emitted from the Xx-ray tube can be
controlled by adjustment of current on the cathode. This
current is measured in milliamperes, or a shorter term, MA.
The amount of current applied to the cathode determines the
quantity of electrons freed from the element for use. A
current of 10MA applied to the cathode would have twice the
radiation output of an x-ray tube with SMA applied to the
cathode.

It naturally follows then that time also is a determining
factor in how much radiation reaches the film. At a given
technique, a film, body or other matter exposed for two
minutes would have twice the radiation strike than it would
in one minute. Since the density of a film depends upon the
amount of radiation striking it, it, therefore, would have
twice the density, also.

In order for the x-rays emitted from a tube to be useful in
radiography, the radiation must be of certain geometric
shape and projection. A bullet is of little use without the
barrel to give it direction. This projected shape is
accomplished by a focusing cup which focuses the electron
beam at an angled target which projects the x-ray beam in a
cone-shaped field or as 300° of radiation on some x-ray
units,

C - Isotope Gamma-Ray Emitters,

Gamma-rays, like x-rays, are also part of the electro-
magnetic spectrum. They differ from x-rays, not in nature,
but rather in origin. Gamma-rays that you will work with
emanate from artificially produced Isotopes. I say
"artificially" because some elements produce gamma-rays
naturally, such as radium,

Isotopes have the same atomic number of a particular
element, but differ in number of neutrons and so have a
different mass number. For a given element such as Cobalt,
we can vary the number of neutrons and, hence, Isotopes, but
we still have the basic element, Cobalt. Very simply
speaking, the addition of neutrons in the nucleus of an atom
is accomplished by putting an element into a nuclear reactor
and bombarding it with neutrons. This addition of a neutron
in the nucleus of the atom makes it unstable and it begins
"to disintegrate," or another term - "a process of
radioactive decay." The number of atoms affected depends
upon the length of time in the reactor, type of material and
physical size of the material. This form of energy that is
given off, that we are concerned with, is gamma-ray.

J-8
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(ii) PERIODIC TRAINING (Cont'd.)

Properties of Radiation (Cont'd.)

There are several types of Isotopes produced by N.R.C.
licenses. The ones most commonly used for radiography are
Cobalt 60, Iridium 192, Cesium 137 and Thulium 170. Because
of certain disadvantages of Cesium and Thulium, we have in
our possession only Cobalt and Iridium. The disadvantage of
Cesium is its low specific activity and low radiation output
per Curie, resulting in long exposure times. Also, Cesium
comes in a powdered form and if the capsule is accidentally
broken or it leaks, serious contamination problems could
arise. Thulium has impurities which give off harder
radiation, which predominates over the more useful soft
radiation,

We have discussed two types of radiation used in radiography
and some comparisons between the two. Review the following
points:

1

Both are electro-magnetic in nature, but differ in
origin,

2 - X-rays produced electronically in an x-ray tube.
Gamma-rays produced by disintegrating nuclei.

3 - X-rays can be shut off, but Isotopes are emitting
gamma-rays at all times,

4 - Wavelengths of x-rays can be varied, but
gamma-rays are emitted at characteristic
wavelengths and cannot be varied.

5 = Quantity of radiation can be varied in an x-ray
tube. For a given gamma-ray source, quantity
cannot be varied. ‘

6 - X-rays can be projected in a beam or up to 300°,
Gamma-rays are given off in 360°, but may be
columnated by a shielding material.

I have previously mentioned that X-rays and gamma-rays are
electro-maygnetic in nature. To enumerate some of these
properties, they are (or do):

Invisible.

Travel in straight lines.

- Travel at the velocity of light.
- Affect photographic emulsions.

- Able to ionize matter.

& wN -

J-9

A.D.

NIRRT S T - v W 1w N

L -

.



(ii) PERIODIC TRAININC (Cont'd.)

Properties of Radiation (Cont'd.)

Another characteristic of radiation that is of great
importance is what is known as the Inverse Sguare Law. This
means that the radiation level decreases as the inverse
square of the distance. As an example, a given amount of
radiation at two feet would only be one-fourth of that
measured at one foot. At four feet, one-sixteenth, at ten
feet, one-hundredth, etc. The same would hold true if we
used inches, or other units. From this characteristic, it
is readily seen what a tremendous level of radiation is
present--even from a small source--when measured at the
surface of the source.

Energy of gamma-rays is usually expressed by the terms "Mev"
or "Kev"...million electron volts or thousand electron
volts. If we know the Mev or the Kev energy of an Isotope,
we will have some idea of the penetrating abilities of that
source. We learned in our discussion of x-ray that the
shorter the wave-length, the more penetrating the radiation.
The higher the electron volt characteristic, the shorter
will be the wavelength and therefore, the more penetrating
power, Unlike with X-ray tubes, the radiation wavelengths
of isotopes cannot be varied and emit only the average
wavelength throughout its unstable condition. Cobalt 60 has
an average Mev of 1.2, 1Iridium has a rating of .375 Mev.

It can be said then that Cobalt has more penetrating ability
than Iridium, which is why Cobalt is used to radiograph
heavy sections of steel and Iridium is used on thinner
sections of steel,

The strength or amount of radioactivity in an Isotope is
measured in Curies. One Curie of a radioisotope is the
amount of material that disintegrates at the rate of 37
billion atoms per second. Do not let tnis fact upset you,
as you will not be working with this cumbersome figure.

Just keep in mind that a Curie is a unit of measurement,
such as a volt, used in measurement of electrical potential,
Two Curies of a given Isotope would produce twice the level
of radiation as one Curie, but could be the same size
physically. 1If they are of the same physical size, the
former would be said to have twice the "specific activity"
of the latter and, of course, would produce, at the same
given distance, a radiation level twice as large as the
latter. Isotopes of different elements do not necessarily
emit the same amount of radiation Curie for Curie. As an
example, one Curie of Cobalt produces almost three times the
level of radiation of one Curie of Iridium, A Curie then is
a quantity of radioactive nuclide that is disintegrating at
a known rate.

Question and Answer Period,

J-10
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{ii) PERIODIC TRAINING (Cont'd.)

Radiation Dose

Units of Radiation Dose.

As in every field or subject, there are certain terms, units
and expressions that apply to that field and must be known
and understood in order to convey certain ideas, functions,
quantities and phenomenon of that particular field or
subject. An example would be in the field of electricity
where we have the terms "volt, ohm, ampere, impedance,
resistance, etc.," with which everyone is familiar. The
study of radiation also has its own particular terms and
expressions. We have found out that the term "Curie" refers
to a quantity of atoms that are disintegrating per second.
This may be hard for most of us who are not physicists to
visualize in our minds, so another way to remember and
understand this term would be to think of it in erms of
radiation production from an Isotope. That is to say that a
Curie of radioactive material produces a certain quantity of
radiation at a given distance. A millicurie is
one-thousandth of one Curie. A thousand millicuries equals
one Curie., One-fourth of a Curie is expressed as 250
millicuries or written ,250 Curies. The abbreviations "C"
and "MC" are sometimes used for these terms.

The radiation affect of a source is measured in Roentgens.
One Roentgen is a unit of exposure based on the quantity of
gamma or x=-rays that produce a specific amount of ionization
in a given amount of air under standard conditions. A
milliroentgen would be one-thousandth of a Roentgen.
Abbreviations are "R" and "MR."

Another term used for the measurement of radiation exposure
is called the "Rem." This is the measure of amount or dose
of radiation of any type in terms of that received by body
tissue from any source. Practically speaking, one Rem
equals one Roentgen.

Hazards of Radiation Dose.

As with many types of occupations today, radiography has
certain hazards that could be harmful to individuals working
in this field. I would like to point out now that the
excellent safety record of radiation workers proves that
these hazards can be overcome with proper equipment,
thorough understanding of radiation characteristics and
conscientious performance of the workers themselves.

Body components may be injured Ly overexposure to Xx-rays and
gamma-rays, particularly the blood, skin and some internal
organs, Unless exposure is kept at a minimum, the
cumulative exposure may cause injury.

J-11 ControlNo. 7666 8 A.D.
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(ii) PERIODIC TRAINING (Cont'd.)

Radiation Dose (Cont'd.)

The following paragraphs are taken from the "National Bureau
of Standards Handbook No. 73, Paragraph 2.22."

"Injury to human beings may result from overexposure to
beta and gamma-rays from sealed sources; should the
sealed source be broken, there is a possibility of
radioactive contamination of the skin by spilled
material; of accidental ingestion or inhalation of
these substances; or of other modes of entry of the
substances, such as cuts, punctures and abrasions.

"Overexposure may occur either from working with
radioactive materials under unsuitable conditions or
from habitual occupation of a position too close to the
material in inadequately shielded storage. In the
former case, the injury is likely to be local on the
fingers and hands; in the latter it will probably be
systemic.

"Habitual or long-continued overexposure to the hands
may result in dry reddened skin, which cracks easily
and is very sensitive to heat and cold. The nails
become brittle, keratoses form near them, small cracks
may ulcerate. These ulcers, or any other sores, heal
slowly. Cancer may develop in the keratoses or ulcers.
(Of course, proper protective measures should be taken
long before this stage is reached.) Overexposure of
the entire body may lead to depression of bone marrow
activity or leukemia. The occurrence of permanent
sterility is extremely unlikely.

"Contamination of the skin by intimate contact with
radioactive material may produce a local reaction
sufficiently intense to result in erythema and
desquamation. The local effect would be due mainly to
beta radiation, and healing would be expected to occur
without sequelae if prompt and effective measures were
taken to remove as much of the material as possible.
However, repeated contamination of this type might well
lead to irreversible damage.

"Ingestion, inhalation or absorption of the material
may give rise first to wholebody irradiation - followed
by prolonged local irradiation if a long~-lived
substance is deposited in a particular region, as in
the bones. Radium, mesothorium and possibly other
alpha-particle emitters are most dangerous, because of
the very intense local irradiation to their preferen-
tial sites of depcsit, as for example to bone or lung.
Some radionuclides that are not alpha-emitters are also
"boneseekers," and not well eliminated. The result is

J-12
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(1ii) PERIODIC TRAINING (Cont'd.

Radiation Dose (Cont'd.)

that even a small quantity of these materials retained
.n the >dy m ad to depression of bone marrow
activity 1C O serious bone lesions. Other Isotopes
general - iIch more readily eliminated and, thus,
do not cons ute so great a hazard. 1Inhalation of
radon from damaged radium containers may result in the
deposit withi 1@ body of the decay products of

radon."

From these last two paragraphs, it can be seen why leak
testing of Isotopes is of great importance. If the source

1s leaking, there is a possibility of spreading
ontamination in the work area and also in the air.

of the most frequently asked questiocns by those
anticipating working with radiation is just how much
radiation does it take to injure a person. This varies from
person to person, depending on one's present health and body
structure, but average conditions have been set down. The
following information has been taken from the "U.S. Dept. of
Health, Education and Welfare Handbook on Radiological
Health," September, 1960 edition.

Acute Dose Probable Effec

(Roentgens)
0=50 No obvious diffic : - ni blood
changes.

180-220 Vomiting and nausea for about one day,
followed by other symptoms of radiation
sickness - about 50 percent of personnel.
deaths anticipated.

Vomiting and nausea in all personnel on first
day, followed by other symptoms of radiation
sicknes adbout 50 percent deaths within one
montk vivors convalescent for about six
mc

1000 Vomiting and nausea in all personnel within
1-2 hours. Probably no survivors from
radiation sickness,

These facts are presented to you, not to llscourage you but
to make you aware of the potential dangers in handling
radiocactive materials. We are not attempting to make you
afraid of working with radiation, but to aget you to respect
its hazards if not properly handled.
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(ii) PERIODIC TRAINING (Cont'd.)

Radiation Dose (Cont'd.)

Levels of Radiation.

In order to work with Isotopes, it is necessary to know how
much radiation is present at all times. A Curie of any
given Isotope is known to produce a given Roentgen level at
a given distance. This factor remains a constant and,
therefore, we can make reasonably accurate calculations
using this constant and other factors which we shall discuss
later.

The radiation output is usually expressed as RHM or RHF:
Roentgen per hour at one meter or Roentgen per hour at one
foot. Cobalt 60 has a value of 14.4 RHF per Curie. A Curie
of Iridium has a value of 5.95 RHF. Therefore, if you
wanted to know the radiation level of a 10 Curie source at
one foot, you would multiply the given value by ten.

It can be seen that the radiation level present, therefore,
depends upon the Curie rating or strength of an Isotope.
This factor does not remain constant in an Isotope, but is
changing continuously due to the decay of the Isotope.
However, this decay process continues at a known rate and
future strengths can, therefore, be calculated. This rate
of decay of isotopes determines what is commonly called the
isotopes' "half-life." The half-life of an Isotope is the
time required to lose 50 percent of its activity by decay.
At the end of one half-life, an equal time is required for
half the remaining atoms to decay. As an example, Cobalt 60
has a half-life of 5.2 years. At the end of that time, the
source will be half its original strength. 1In 10.4 years,
it will be one-quarter of its original strength, after 15.6
years one-eight of its strength remains, and so on. Each
different Isotope has its own half-life value. Another
term, which is preferred over "half-life" but is less used,
is "half-period." "Half-life" is a misleading term.

Iridium has a half-period of 75 days and, so, frequent
adjustments to radiographic techniques are necessary.

Decay curves are usually furnished with the purchase of an
Isotope, and the strength can be quickly found at any given
time.

The inverse square law, which we discussed earlier, is
another factor *o be considered if we wish to calculate
levels of radiation in air at any given point. This can be
expressed by the ratio:

I1 Dg Where I1 and 12 are the intensities
12 Df at distances D1 and Dz, respectively.
J-14
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(ii) PERIODIC TRAINING (Cont'd.)

Radiation Dose (Cont'd.)

If we substitute our known values for I., D, and D.,

we can find I,. Let's assume we are us}ng ; 2 Curfe

source of Cobglt 60 and we want to find the radiation level
at two feet from the source. We know the intensity at one
foot is 14.4 R/Curie/hour. For 2 Curies, it would be 28.8
R/hour. I, would equal 28.8, D, equals one foot, D

equals two feet. Substituting, we have the equatiogz

28.8 = 4 ,
IZ 1

Transposing, we get 41

= 28.8, 12 = 28.8. I, = 7,2,

2 2
4
which proves out as we have doubled the distance and should
get only one-fourth the radiation.

Scatter effect produced by radiation striking the floor,
walls, ceilings and other objects has not been considered in
arriving at the above figures, but for all practical
purposes,’ the equation would be accurate enough except maybe
when actually designing a radiography room or area.
Absorption by air has not been considered either, but with
gamma-rays the factor is small.

Method of Controlling Radiation Dose.

It is absolutely necessary to keep personnel radiation dose
to a minimum, and there are certain methods we can use in
order to accomplish this. They are: working time, working
distance and shielding. The first, time, means the time
spent in direct exposure to the radiation source.
Obviously, the shorter time spent in an area, the less the
exposure dose will be. If a set-up requires two minutes of
direct exposure to the operator, and ways can be found to
reduce this to one minute, the body will receive one-half
the dose that it did at two minutes.

Distance sometimes is the only means of reducing exposure.,
It has been shown by the inverse square law that radiation
falls off sharply with distance. Therefore, as much
distance as possible should be between the source and any
personnel,

The third method, shielding, is an excellent means of
protection from radiation and should be used whenever
possible. In a permanent installation, special rooms are
usually constructed. In temporary locations, machinery,
steel plating, or some such barrier that is usually found in
shops that require radiography, should be utilized to reduce
exposure. A combination of distance and this type of
"barrier" can reduce the radiation level to a safe working
condition.

J-15
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(ii) PERIODIC TRAINING (Cont'd.)

Radiation Dose (Cont'd.)

Materials most commonly used for construction of gamma-ray
rooms are concrete, stone, earth, sand and lead, or a
combination of these materials and a few other materials of
dense nature. Because of the penetrating ability of
gamma-rays, lead in itself is not usually used because of
the expense and construction problems.

The absorption capabilities of certain materials have been
tested and calculated and is expressed as its Half Value
layer. This is the thickness of any particular material
necessary to reduce the intensity of an x-ray or gamma-ray
beam to one-half its original value. Lead, as an example, :
requires one-half inch thickness in order to reduce the f
level about 50 percent. 1
]

E - Question and Answer Period.

Equipment and Techniques

o Since x-rays and gamma-rays are invisible, other than visual
“ methods must be used in detecting them. Radiation detection
instruments are available for this purpose and are a
necessity in any laboratory engaged in radiation work.
These instruments indicate the presence and level of §
radiation.

A - Radiation Detection Instrumentation. {

There are a variety of instruments on the market, but for :
radiography work an instrument that utilizes an ionization
chamber and is calibrated in Roentgens and Milliroentgens
should be used. The range of the instrument should be
capable of detecting a level of a few milliroentgens per
hour to at least one Roentgen per hour. 1In our laboratory,
we use both the ionization and the Geiger-Mueller Tube §
instrument, but they are used in conjunction with each

|

other. The importance of using these instruments at all 3

times when engaged in radiography cannot be overemphasized. }

They are the only means of knowing whether a source is J

definitely in a safe position, protective barriers are .
adequate or if proper distance from sources is being

maintained. |

|

|

When using the survey meters, adequate warm-up periods are
necessary before actual use of the units. This period also

t

= permits the operator to ascertain if the meter is .

&E; functioning and if it is reading correctly. In case of ;
‘. doubt, two meters should be used as a check on one another.
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(ii) PERIODIC TRAINING (Cont'd.)

Equipment and Technigques (Cont'd.)

Since these are delicate instruments, they should be handled
with care. When operating outside, measures should be taken
to keep them dust-free and waterproof.

Survey meters must be calibrated every three months. This
is done by the company, using a source of Cobalt. The
source has been calibrated and a very accurate decay curve
drawn up to insure correct calibration of instrument. We
have in our possession one type of meter that has its own
calibration source built into the unit and can be calibrated
very easily, but this calibration procedure is not
acceptable to the N.R.C., so we use a specially developed
procedure.

When entering a suspected radiation field, the finest scales
on the meter should be used. This will detect the area at
is furthest range and the safest distance. Our current
license restricts radiographic exposures to the gamma
building exposure room.

Survey Techniques.

Each permanent installation is to have a radiation survey
made immediately upon start of radiographic operations to
determine if walls or barriers are of adequate design.
Particular attention should be made around doors,
observation ports, ducts and other areas where protective
barrier has been interrupted. Also, if concrete is used for
shielding, it is essential to make a very complete scanning
in order to detect cracks and air spaces.

The possibility of multiple scattering from walls and floors
into other areas should not be overlooked and a survey
should include those areas, as well as walls and barriers.

When taking a survey, the source should be placed at several
positions to make sure proper protection is being maintained
at various angles and positions that the source could be in
under working conditions. A good practice is to take daily
surveys after the initial survey for a while, just to make
sure readings were accurate and to check scattering under
working conditions. 1In any case, a survey is to be
conducted at least every six months to ascertain that no
leakage of barriers has developed.

Temporary radiographic areas are to be under constant
surveillance during source exposure. When source is exposed
for a temporary radiographic shot, a survey is to be made to
make sure that ropes and barricades are placed at the proper
distance so that no unrestricted area has a level of more
than 2 MR/hr.

J-17
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(ii) PERIODIC TRAINING (Cont'd.)

Equipment and Techniques (Cont'd.)

It is possible, through failure of exposure devices and/or
handling equipment, accidents, etc., to be unable to retract
a source back into its safe position. Either with the
knowledge of the radiographer, or unknowingly, if the source
should ever become disengaged mechanically and be left in
the source tube, it could result in serious overexposure to
personnel. Therefore, it is mandatory that a survey be made
after each and every exposure to make sure that the source
has been returned to its safe position. This is an N.R.C.
regulation and is a condition of our license. Its
importance cannot be overemphasized. Work sheets are
provided to the radiographer and they must be filled in
after these surveys have been done. Unabsorbed radiation
from the exposure device should produce a reading on the
survey instrument and is a good check to see if the
instrument is functioning properly. If no reading is
obtained, or it varies considerably from previous readings,
the technician should immediately leave the area and use a
different.meter to make this survey.

When securing work area and exposure devices at the end of
workday or job, a final survey is to be made of locked
devices to make sure that the source is in the safe
position. This survey is also to be recorded in the work
sheet, after completion.

Use of Personnel Monitoring Equipment.

It is inevitable that people who work with x-ray units,
radiocactive materials and other sources shall receive
various doses of radiation to their body. This is an
occupational hazard similar to the hazards of other
occupations such as construction workers, electricians,
steeplejacks, etc. However, limits have been established
for your protection on how much you may receive that will
produce no injury. It is necessary then for us to know just
how much the body has received...instantly, daily, weekly,
yearly and as long as an individual works with radiation.
Monitoring equipment is furnished for you to record this
dose. They are: a film badge and a pocket dosimeter.

A film badge is a small piece of film enclosed in a packet
and is worn on the outside of an individual's clothes. They
are supplied to us by a commercial concern and are worn for
a one-month period after which time a new one is issued.
Radiation is recorded on the film and, after processing, the
density of the film indicates the approximate radiation it
has received in a one-month period. A report is then issued
to the company of the findings and is kept on file. 1In a
case of suspected overexposure, the film badge is
immediately returned for evaluation.

J-18 A.D.
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(ii) PERIODIC TRAINING (Cont'd.)

Equipment and Techniques (Cont'd.)

The pocket cdosimeter is a device that records a dose
instantly and can be read at any time. It consists of a
small ionization chamber and a scale usually read in
milliroentgens. Before use, it is given a charge which
returns the hairline indicator on the scale to zero. The
amount of discharge due to radiation moves the hairline up
the scale and is a measure of the gquantity of radiation
received. Dosimeters are charged daily and a record kept of
the daily readings obtained.

The monitoring equipment is your only means of determining
the radiation dose, so they must be handled with extreme
care. They should not be left in work coats or clothing at
the end of the day.

Film badges and pocket dosimeters will be worn at all times
when inside the company gates.

Radiographic Equipment to be Used.

At the present, we are using only one type of exposure
device: The Budd Co. Model 62 Multitron for both Cobalt and
Iridium. This unit consists of three main components which
are: the lead head that contains the sources when not in
use, the control cable and source position indicator and the
flexible source tube through which the sources travel to the
point of exposure.

The following information is taken from the "Instruction
Manual-Model 60 Multitron" provided by The Budd Co.

"OPERATION - By attaching the flexible source tubing to the
Series 60 Multitron, it is used for internal, panoramic or
difficult to reach exposures. Thus, the source may be
positioned within a cavity in castings, valves, piping,
tanks, etc., or in the center of a large group of specimens
which can be radiographed in a single exposure.

To attach the flexible source tube, the aluminum plug is
removed from the fitting in the base of the cone in the head
shield and the source tube coupling is threaded irto place.

The long control cable with the source position indicator is
attached by removing the plug on the lock box of the source
desired. With the machine locked, the small source cable
should be pulled 1/4" to expose the disconnect. (NOTE:
Pulling the source cable out with the machine unlocked may
result in the source coming out of the head completely and
exposing personnel to radiation hazard.) The disconnect on
the control cable is then joined to the disconnect on the
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Equipment and Techniques (Cont'd.)

source cable by bringing them together at riaght angles. The
control cable is then straightened and the control cable
adapter threaded into its proper position in the lock box.
The Multitron is now ready for operation.

To set up for operation, the end of the source tube is
placed in position where it is desired to have the source
located during exposure. The end of the tube may be held in
position by tape, test tube clamp, wooden blocks with a

hole or in any other suitable manner.

The source tube should be as straight as possible for ease
of operation. The control cable is then extended to its
fullest length with the control handle as far away as
possible from the end of the source tube where the source
will remain for the exposure. It is preferable to have the
operator with the control handle as far as possible from any
point where the source is exposed, preferably behind a
personnel shield.

After unlocking the Multitron with the key provided, the
source is exposed by turning the control handle clockwise
until it stops. The source position indicator on the handle
shows the position of the source in the source tube at all
times. No forcing of the handle is necessary.

After the exposure, the source is returned to the head by
turning the handle counterclockwise until it stops and the
source position indicator reads zero feet. A survey meter
should always be used to make certain the source is properly
shielded. The machine must be locked after each exposure to
prevent inadvertent operation.

To use one of the other sources, the control cable is
removed from the source then connected and attached to the
source cable and hole of the desired source.

The pointer of the source position indicator has a tendency
to drift slightly after a large number of operations. The
pointer is reset to zero with the source in the head and the
machine locked. The small screw on the pointer shaft is
loosened slightly and the pointer reset at zero feet. The
screw is then retightened."

Question and Answer Period
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% (ii) PERIODIC TRAINING (Cont'd.)

Federal Regulations

A - Federal Regulations.,

Pertinent paragraphs of parts 19, 20, 21, 30 and 34 will be
read verbatim and discussed.

B - Question and Answer Period.
C - Copies Of Regulations Are Available To Each Of You At All

Times.

The Vollrath Company's Instructions

A - Administrative Instructions To Radiography Personnel and
Operating And Emergency Instructions To Radiographic
Personnel Will Be Read.

B - Question and Answer Period.

C - Copies of Administrative Instructions To Radiography

Personnel and Operating And Emergency Instructions To
- Radiographic Personnel To Be Given Each Individual.

Closing

A - Review.

B - Question and Answer Period.

Oral Quiz
("Sample Questions and Answers" are identical with those used in
training program numbers iv and v.)

THE END
(PERIODIC TRAINING)

-, me -
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(iii) ON-THE-JOB TRAINING

For the Position of "Radiographer's Assistant."

This part of the training program is to be performed under
the direct supervision of the radiographer and the safety
director for a probationary period of three months minimum.
In the event that the trainee has not completed the on-the-
job training satisfactorily in all phases, at the completion
of this probationary period, the trainee will not be
permitted to continue on in the training program.

The radiographer and safety director will be responsible for
the following items, in chronological order, for each
on-the-job trainee:

1, The radiographer will not accept any personnel for
cn-the-job training as radiographer's assistant unless
the individual has satisfactorily completed part (i)
and part (ii) of this training program. This
information can be obtained from the safety director.

The radiographer will issue personnel monitoring
equipment and will begin by showing, explaining to and
answering (the questions of) the trainee the multiple
facets of radiographic work. This will be done in
steps beginning with the phases farthest removed from
actual work with by-product material (such as filing
and photographic development) and culminating in making
actual exposures. FEach step, or phase, is to consist
of two parts:

a. Showing, explaining, teaching by the radiographer.

b. Careful observation of the trainee by the
radiographer as the trainee performs the step
personally.

The steps to be covered by the trainee are:

a. Thorough familiarity with federal regulations, the
company's license and the company's "Administrative,
Operating and Emergency Instructions."

Filing and record keeping.

Darkroom equipment and procedures.
Evaluation of radiographs.

Monitoring equipment and safety equipment,

Calculations for exposure times and shielding.

Radiographic exposure equipment to be used.

J-22 .
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(iii) ON-THE-JOB TRAININGC

h. Set-up techniques, survey techniques,
. Exposure of sources and production of radiographs.

g Transfer of sources to and from shipping
containers (source chancers) and exchanging
sources on S.P.I,

k. Calibration of survey meters.

3. Upon the trainee's completion of all the foregoing
steps, the radiographer will so notify the safety
director, as well as the general foundry
superintendent, who will then observe the trainee in
his work to be certain that the trainee is performing
his tasks in a knowledgeable, alert and safe manner.

4. The safety director will then quiz the candidate in
accordance with program number "v",

5. Finally, when the three month probationary period has
elapsed, tue safety director will meet with the general
foundry superintendent and radiographer to determine
the result of the on-the-job training. The trainee
either will be accepted as a radiographer's assistant
or will be returned to his former job (or other job
opening) and have no affiliation with the radiography
program.

For an Opening as "Radiographer."

The on-the-job training period, as listed in phase iii
consisting of three months minimum, must be completed to the
satisfaction of the safety director, general foundry
superintendent and the radiographer. The candidate's
experience and personnel record will be reviewed and
unanimous agreement reached that the individual is qualified
for the opening of radiographer. Of major importance in
this consideration will be the result of a prior quiz
administered by the safety director (see part iv, "Checking
Radiographer's Understanding and Competence").

Quiz.
The "Sample Questions and Answers" for "on-the-job" training
are (according to procedures outlined above) the questions

and answers appearing in sections (iv) and (v) of this
training.
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(iii) ON-THE-JOB TRAINING

Written Test Required.

After the oral quiz is completed, as given in sections iv
and v of this training program, the prospective radiographer
will complete a written test of 50 questions covering
aspects of the federal regulations, safety, operating and
emergency procedures., This test will be administered and
graded by the safety director. A passing grade will be
considered to be at least 85%., If a passing grade is not
attained, the trainee will be instructed in those areas
found deficient, and a retest will be taken with a period of
no more than two weeks. The trainee will be allowec one
retest. If a passing grade is not reached at this point,
training will be terminated and the prospective radiographer
will have no further affiliation with the radiography
program. After satisfactory test completion and unanimous
agreement specified in section B above, application will be
made to the N.R.C. requesting acceptance into the program as
a radiographer. A copy of the trainee's test, showing a
satisfactory grade was attained, will be sent along with
this application.

Hiring a Radiographer Having Previous Industrial Radiography
Experience.

In the event a trained radiographer is hired, this same
Vollrath Gamma Radiography Training Program must be
completed by the prospective candidate, with the following
exceptions:

1) Phase i - The Initial outside training program will be
waived, providing a comparable course has been
previously completed. The fact that the course has
been satisfactorily completed will be verified by the
safety officer. Also, a record of the applicants past
radiation exposure history will be verified.

2) Phase ii - The Periodic Training and observation phase
will be of one week duration, rather than two weeks, as
in the case of a new trainee. It should be noted,
satisfactory completion of the written 30 question
test, as specified in this phase, is required. A grade
percent of 80 will be considered acceptabie.
Application will be made to the N.R.C. at this point in
the training program to request acceptance as a
"radiographer's assistant."

3) Phase iii - On-The-Job training is required but will be
reduced from three months minimum to one month minimum.
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(iii) ON-THE-JOB TRAINING

Phase iv and v - To be completed, as specified under
the supervision of the safety director. After
completion to the satisfaction of the safety director,
the written test consisting of 50 questions is
required. A passing grade will be considered to be 85
percent minimum, with the provision of one retest
allowed. After satisfactory test completion and
unanimous agreement between the safety director,
general foundry superintendent and radiographer,
application will be made to the N.R.C. requesting
acceptance into the program as radiographer.
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(iv) CHECKING RADIOGRAPHER'S UNDERSTANDING
AND COMPETENCE

(Re: N.R.C. Regulations and Operating & Emergency Procedures)

The following are samples of the type of questions (with
answers) to be asked of a candidate for a job opening as
radiographer. The questions are to be asked of the candidate by
the safety director before the personnel officer and safety
director meets with the general foundry superintendent as
outlined in part iii of the Training Program. By no means does
the brevity of this list infer that the quizzing of the candidate
shall be so limited. In addition to the type of questions below,
the candidate shall bc asked questions on the topics presented in
the next part ("v"). See paragraphs 34.31 (a) and 34.11, b, 4 of
Title 10, Part 34.

I. Sample Questions on N.R.C. Regulations & Licensing
Requirements.

1. What is the maximum permissible dose to (the whole body
of) an individual in a restricted area, as specified in
Title 10 Part 20? Answer: 1-1/4 Rem per calendar
quarter.

2. Define a "Curie." Answer: A Curie is a measure of
radioactivity of a mateibal which is experiencing decay
at the rate of 3.7 x 10 (37 billion)
disintegrations per second.

3. What is thc maximum permissible level of radiation in
unrestricted areas? Answer: Except as might be
authorized by the Commission upon special application,
the maximum levels are two millirem per hour or 100
millirem in any seven consecutive days.

4. Which and where is the appropriate N.R.C. Operations
Office and where may its address and phone number be
found? Answer: The Chicago Operations Office, which
is at Glen Ellyn, Illinois. Address and telephone
numbers are found just inside the gamma building door
on the door itself,

5. At what time should an application for renewal of our
license be sent to the N,R.C.? Answer: At least 30
days prior to the expiration date of the current
license. Send by first class mail, "return-receipt
requested.”

6. When may the radiographic exposure device be unlocked?
Answer: Only when under the direct surveillance of a
raalographer, his assistant or where the high radiation
area is locked or equipped with a control device or
alarm system approved by the N.R.C.
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II.

10,

11.

12,

13.

14.

(iv) CHECKING RADIOGRAPHER'S UNDERSTANDING

AND COMPETENCE (Cont'd.)

What must be the range of the survey meter? Answer:
From two milliroentgens per hour through one roentgen
per hour.

At what frequency must leak testing be performed, and
of what sensitivity must the test be capable? Answer:
Leak tests capable of detecting the presence of 0,005
microcuries of removable contamination must be
performed every six months.

What must be done after each radiographic exposure and
also prior to securing the exposure device? Answer: A
physical radiation survey must be made to determine
that the source is properly shielded.

What two basic types of licenses are there? Answer:
Two, general and specific.

Is ours a general or specific license? Answer:
Specific.

What must be specified in an application for an
amendment to a license? Answer: Of what the amendment
is to consist and the grounds for such application for
amendment.

How may a license be transferred, assigned or disposed
of? Answer: The inalienability of licenses prevents
any such action except upon receipt of written consent
from the N.R.C.

What is to be made available for inspection by the
N.R.C, and when? Answer: At all reasonable times the
N.R.C. shall be given opportunity to completely inspect
the premises, facilities, equipment and records.

Sample Questions on the Operating and Emergency Procedures.

Same as those for radiographer's assistant, (Please see
part "v" of the Training Program titled, "Checking
Radiographer's Assistant's Understanding and Competence.")
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(v) CHECKING RADIOGRAPHER'S ASSISTANT'S
UNDERSTANDING AND COMPETENCE

(Re: Operating and Emergency Procedures)

The following are samples of the type of questions (with
answers) to be asked of a candidate for a job opening as
radiographer's assistant. The questions are to be asked by the
safety director after item "4" of the candidate's period of
on-the-job training (please see part iii of the Training

Program) .

By no means does the brevity of this list infer that

the quizzing of the candidate shall be so limited. See
paragraphs 34.31 (b) and 34.11, b, 5 of Title 10, Part 34.

1.

2.

7a.

7b.

7¢.

In case of emergency in "off hours," who must be
notified? Answer: Vandermus, Kurtz, Reilly, Neumann.

Name two places where their names and telephone numbers
are posted. Answer: (1) on always locked double door,
(2) entrance to the maze, (3) foundry timekeeper's
desk, (4) plant guard's gate house, and (5) directly
below the bulletin board.

How shall the source tube and control tube be laid out?
Answer: In as stra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>