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AEC FORM-313R: (6) ENCLOSURES TO FORM

(a)

(b)

(c)

(d)

(e)
(f)

(g)

Not applicable because the source is designed for and
used as a portable field instrument.

of Maximum
Manu- Model Radiation Range Number Intended
facturer No. Detected (mr/hr) Available Use

Eberline E-120G Gamma 1,000 1 Surveys
Victoreen 592B Gamma 1,000 2 Surveys

Instruments are calibrated quarterly by the Dow Industrial
Hygiene Laboratory using an NBS certified 10 mg radium
source. Semi-annually, the high end of the range is cali~-
brated using the radiographic source itself, with actual
dose rates determined by using a Model 570 Victoreen r-meter
and Model 621 chamber.

Film badges and reports are supplied by R. S. Landauer
Jr., and Company, Science Road, Glenwood, Illinois.

Pocket dosimeters were purchased from Nuclear Associates,
Inc. Model 866 has a range of 1 r full scale; Model 862
reads 200 mr full scale. (The Model 862 has a label
"Dosimeter Corporation of America, Cincinnati, Ohio 45242.)

See enclosed.
See enclosed.

The Midland Location radiographic operations are under

the direct supervision of Harrv R. Field, Welding
Engineering Supervisor. Mr. Field has 19 years experience
in radiographic work using X-ray and isotopic sources, and
has supervised an eight man group of radiographers in
Midland for 14 years. He also manages the Dow Welding
School which qualifies welders in accordance with ASME
recommendations, for Dow and other Michigan industries.

An audit of licensed isotope usage is conducted monthly

by a qualified health physicist in the Industrial Hygiene
Laboratory in conjunction with film badge exchange for

the radiographers. The survey meter is checked for proper




AEC FORM-313R: (6) ENCLOSURES TO FORM - Page 2

operation and calibration date, and the log book is
checked for proper quarterly and daily inspection
entries. Meter calibration, source wipe test, physical
inventory, and quarterly inspection are all included
on a computer "tickler file" system that issues
reminders to the Welding Engineering Supervisor and the
Director of Industrial Hygiene two weeks ahead of the
deadline, to assure compliance.

The source is included on a separate preventive
maintenance computer program for the Midland Division
which issues a quarterly request for vertification of
ownership, location, and presence of required warning
signs. This notice goes to the source owner and to
Industrial Hygiene for follow up if it is required.

(h) All AEC licensed activities at the Midland Location are
under the supervision of the Radiation Safety Committee
which meets 2%t least semi-annually to review all
records and activities relating to radiation safety and
AEC license compliance. The Committee meets more often
as the need arises. The Committee Chairman is
H. R. Hoyle, Director of the Industrial Hygiene Laboratory
and the Secretary is L. G. Silverstein, Certified Health
Physicist and Senior Research Industrial Hygienist in
the Industrial Hygiene Laboratory. Other members are
Dr. O. U. Anders, Senior Reactor Supervisor (TRIGA) in
the Midland Division Analytical Laboratories,

D. J. Ducommun, M.D., Midland Division Medical Department,
Dr. R. R. Langner, Midland Division Manager of Industrial
Hygiene Services, D. D. DelLine, Manager of the Midland
Division Inorganic Chemicals Production Department, and

Dr. E. H, Blair, Manager of the Corporate Health and
Environmental Research Department. Mr. DelLine reports

to J. G. Temple, Jr., Midland Division Manager and

Dr. Blair reports to Dr. M. E. Pruitt, Director of Research
and member of the Board of Directors of Dow Chemical U.S.A.
A chart showing lines of communication is enclosed.

Mr. Deline's responsibility is to assure that the Midland
Division Manager is fully advised of Committee actions
that ja2rtain to the Midland Division, which includes the
radiographic source. Mr., Field reports to the Committee
in person semi-annually.
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(i) Wipe tests will be done by a qualified health physicisct

in the Industrial Hygiene Laboratory. Routinely, the

wipe test is made at the exit port of the source container
by removing the locked storage plug and wiping the exit
orifice with a cotton swab. The swab is submitted to the
Special Services Section of the Midland Division Analytical
Laboratories and is analyzed as described in the

enclosure "Radiocassay of Wipe Test Samples Containing
Cs-137, Co-60, Po-210, Pm-147, Ra-226, Sr-90, T1-204, and
H-3." Doctors Blanchard and Takahashi have 20 and 15

years experience, respectively, in radiochemistry.
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TRAINING PROGRAM

The Welding Engineering Supervisor, Mr. H. R. Field, has
responsibility for proper training of radiographers and
radiogragher's assistants. He has presented such training
at the Dow Welding School since 1965,

A. Initial Training & Qualificaticn

1. New Radiogragher's Assistants will complete the
Radicgrapher's Assistant raining Course outlin
shown on ti« enclosed pages. Qualificat:on as
radiographer's assistant will consists of passirg
a written examination with a score of 70% or more
plus satisfactory demonstration, under the
supervision of @ qualified radiogracher, that he
1s competent to use the radiation source and
radiation survey meter which will be employed in
his assicnment. This demonstration will be
observed personally by the Welding Engineering
Supervisor who will judge the individual's
competence 'inder actual field conditions. Perscnnel
failing th2 test and/or field demonstration will
receive additioral training and/or practice. They
will thien be re-¢xamined.

2ftar six months on-th.-job work and training
under a qualified radiasrapher, a radicgraphy
assistant will be considered €ligible far
promotion to full radiographer.

2. During the latter pecrtion of o radiographer's
assistant on-the-job period of six mor:ths, le
will complete the remairing “raining zoagquired by

APl regulations for a full r2diographer. This
training is outlined on the ‘o owing fuges. He
will then be given a written examination which
rust Le passed by a score of 75% or more. After
the ful'! six months as radiographer”: assistant,
the ind vicusl must demons:rate o the Welding
Eptineering £ij’ervisor, under “ield conditions
2. without supervision, competence to use +he
ridjation scurce and radiation survey mete: which
will be employed in his assignment as radiographer.
After satisfa~tory completion of the examination
and equipmeit demonstraticnm, the individual is
considered aligible for promction to full
radiographer.



3. Personnel with previous training and experience
a@s a radicgracher will have such training,
qualification, and experience verified by the
Previous employer(s). He will complete a minimum
of ten hours training in the company's AEC
license, operating and emergency procedures,
and use of the radiation source and radiation
Survey meter. He will also receive training in
any of the other AEC required subjects which
cannot be verified as having been satisfactorily
completed previously.

To qualify as a full radiographer for this
company, the individual must pass the same written
examination as specified in 2, above, with a
score of 75% or more, and satisfactorily demon-
strate to the Welding Engineering Supervisor
competence in unsupervised use of the radiation
source and radiation Survey meter. He must also
complete a minimum of two weeks on-the-job
training as a radiographer's assistant under a
qualified radiographer prior to assignment as a
full radiographer for this company.

On_the-job training in and for the various groups of
eémployees have been specified in 1, 2, and 3, above.

Periodic Training

Monthly safety meetings are held by H. R. Field who
conducts job checks of crews in the field. Personnel
receive oral instructions in regulatory, license,

and procedure changes, and also receive copies of all
changes in procedure and license conditions. An
annual radiation safety review is conducted by a
qualified health physicist,

Course Qutlines & Examinations

See the following pages,



TRAINING PROGRAM OUTLINE

For Radiographer's Assistants
See Section IV, A. 1.

I. Introduction to Radiocactive Materials
and Radiation

(1 hour)

II. Radiation Detection Instrumentation
to be Used

(1 hour)
A. Use of Radiation Survey
Instruments
1. Operation
2. Calibration
3. Limitations
B. Survey Techniques (1 hour)
C. Use of Persconnel Monitoring (1 hour)
Equipment
l. Film Badges
2. Pocket Dosimeters and Chargers
D. Demenstration and Practice
with Above (2 hours)
III. Radiograghic Equipment to be Used (5 hours)
A. Exposure Device
B. Leak Testing of Sealed Sources
C. Demonstration and Practice with Above
iV. Company's Operating and Emergency
Procedures (3 hours)
V. Study 22d Review (1 hour)
VI. %ezst (Written) (1 hour)

&IV, | TOTAL: (16 hours)




TRAINING PROGRAM OQUTLINE

For New Radiographers
See Section IV. A. 2.

II.

III.

VI.

Review of Radiographer's Assistant
Training

Fundamentals of Radiation Safety

A, Characteristics of Gamma
Radiation

B. Units of Radiation Dose (mr) and

Quantity of Radiocactivity (curie)

C. Hazards of Excessive Exposure to
Radiation

D. Levels of Radiation from Licensed

Material

E. Methods of Controlling Radiation
Dose

l. Working Time

2. Working Distance

3. Shielding
Requirements of AEC Regulations
A. Part 19
B. Part 20
C. Part 34
Dow AEC License
A. Inclusions
B. Exclusions and Limitations
Study and Review

Test (Written)

MINIMUM TOTAL:

(6 hours)

(4 hours)

(2 hours)

(1 hour)

(2 hours)
(1 hour)
(16 hours)



TRAINING PROGRAM OUTLINE

Previously Qualified Radiographers
See Section 1IV. A. 3.

II.

I1X.

*If previous training in these
by previous employer(s).
verified, the individual

Review* of Sections I, II and III

of the radiographer's assistants and
the same sections of the new
radiographers training programs

Company's Operating and Emergency
Procedures

Dow AEC License for Radiography
A. Inclusions

B. Exclusions and Limitations

Study and Review

Test (Written)

MINIMUM TOTAL:

the subjects which are not verified.

(4 hours)

(3 hours)

(1 hour)

(1 hour)

(1 hour)

(10 hours)

subjects can be verified
If such training cannot be
will receive full training in



WRITTEN TESTS

On the attached pages are several sets of test guestions.
The written test for full radiographer qualification will
consist of a minimum of 50 questions selected f£rom the
complete group of test questions. The written test for
gualification as radiography assistant will consist of a
minimum of 25 questions selected from those whose numbers
are circled. The circled questions apply to the training
given to the radiography assistants.

Radiographers must score a minimum of 75% on these
written tests and radiography assistants must score at
least 70%.



RADIATION SAFETY EXAMINATION -- RADIOGRAPHER TRAINING COURSE

Name

Data

The following stateme
check, the best answe

1.

10.

1l.

Since gamma radi

more of its energy will be absorbed in body

tissue than woul
forms of radiati

The attenuation

careful consideration of problems of

shielding.

Alpha emitters o

internal radiation.

Gamma rad:-tion will penetrate anything - T
to some extent.

Bremsstrahlung frequently results from the
shielding of beta radiation.

Bremsstrahlung is the kind of radiaticn . r
which is similar to X-ray.

All alpha radiation from a given source T r
will have the same energy and the same =
range in matter.

Tissue damage is directly related to T F

penetrability, energy and specific

nts are true or false. Indicate, with a

r.

ation is very pPenetrating, T F

d be the case with other
on.

of alpha radiation reguires 4 F

ffer serious problems of T F

ionization of radiation.

The roentgen is

equals 3.7 x 10
second.

The roentgen is

radiation exposure.

The roentgen i-
ionizing abilitvy

he radicactivity which T F
disintegrations per

the unit of external v o F

a measure of the T F
of the radiation.



12,

13.

14.

is.

16.

17.

18.

19.

20.

21.

22,

23.

The curie is a upit of radicactivity which
equals 3.7 x 10~ disintegrations per
second.

The roentgen equivalent man (rem) is a unit
based on the roentgen which takes into
account the relative biological effectiveness
of various types of radiation.

The roentgen and the roentgen eguivalent
man are equivalent.

The relative biological effectiveness of a
given type of radiation is the ratio of the
damage done in tissue by the radiation in
question to the damage done by an equal
amount of radium.

Counts per minute and disintegrations per
minute are the same.

All radiation survey instruments give the
same background reading. -

Radiation injury occurs in cells by causing
changes in the atoms and molecules.

Blood and blood forming organs are the mos+
radiosensitive,

Skin and the GI tract are the least radio-
sensitive organs.

Immature cells, cells in the early stage of
division, and cells with high metabolic
rates are the most sensitive to radiation.

The safety of the individual workman is the
primary criteria for the setting of
acceptable levels of exposure to radiation.

Acute symptoms or injury can be expected if
the hazards dive to handling of radicactive
material presently used for radiography in
Midland are not controlled.



24.

25.

26.

27.

280

9.
30.

al.

32.

3.

34.

3s.

Life-span shortening has been demonstrated
by experiments with human beings with
radiocactive materials and radiation.

Experiments with animals have proven a
potential hazard due to genetic effects

but have not given us reliable quantitative
information yet. :

Lack of knowledge is sufficient reason to
be conservative in our control of radiation
exposures.

Present control levels are well below the
bodily injury range and constitute little
or no hazard to future generations.

Present standards which limit exposure to
radiation are based upon well establishe”
experience with human beings.

All exposures must be kept below 2.5 mr/hr.

Maximum Permissible Concentrations take
into account biclogical half-life,
radiation half-life and organ sensitivity,

The half-life of a material is the length
of time it takes any given sample to decay.

It is possible to predict whenever any
particular radicactive atom will decay.

Although radiocactive materials can ge
through decay schemes which involve several
other radiocactive materials, they eventually
all decay to a stable product.

Materials can be made radicactive by
exposing them to external radiation from
radiographic sources.

The biological half-life of a material
refers to the time it takes the human body
to rid itself of one-third of the original
dose of the material.



37.

38.

39.

40.

41.

42.

43.

44,

45,

The effective half-ljife refers to the time
it takes for a dose to the human body to be
reduced by one-half,

Effective half-life is a function both of
the physical half-life ana the biological
half-life of the material.

The AZC limit on the level of radiation for
a radiographic exposure device measuring a
minimum of four inches from the source
Storage position to any exterior surface of
the device, is 200 mr/hr and 10 mr/hr at one

Having locked storage containers for the
Co-60 source is sufficient Protection to
Prevent tampering or removal by
unauthorized personnel.

The niain reason for having a radiation survey
instrument at the site during radiographic
work ,is to measure levels of radiation in
case of a mishap,

The Co-60 source should be tested for leakage
at intervals not exceeding six months,

A written record available for inspection
by the AEC is needed indicating the plant
sites and dates of use for the Co=-60
radiography source.

Since X-ray units are not governed by AEC
regulations, there are no set regulations
Or records required to be kept.

Portable X-ray units should not be
Operated if any unauthorized individual
in the immediate area would be exposed to
levels of radiation greater than S mr/nr,

A film badge is not needed to bhe worn

an individual operating radiographic equip-
ment unless he is likely to be exposed to
levels of radiation greater than 5 mr/hr,



46,

47.

48,

49,

50.

51.

52.

Reading an indivicdual's Pocket desimatar
Ornce each week ig sufficient to account

for the recommended weekly dose limit of
100 mr,

An individual's film badge should be
immcdiately Processed if the pocket
dosimeter worn in c¢onjunction with the
film badge reveals a radiation exposure
greater than the range of the dosimeter.

In the event of an accident involving
an excessive exposure to radiation, a
member of Industrial Hygiene should be
notified second only to the Dow Medical
Department,

The AEC must be nocified within 2¢ hours

of any radiation éxposure to an individual
in excess of the 1,25 rem/calendar quarter

for the whole body,

The levels of radiation for radiographic
work using the Co-60 source are such that
a sign or signs bearing the words,

"Caution: High Radiation Area," are needed

to be posted in the area at all times,
The levels of radiation for radiographic
work using the portable X-ray units are
such that a sign bearing the words,
"Caution: Radiation Area, " are needed to
be posted in the area at all times,

A pocket chamber or dosimeter is a more

T_ F_
T_ F_
T_ F_
T_ F_
s ¥
T_F

reliable way of detormininq an individual's

accumulated exposure to radiation than the
film badge.

The use of 3 radiation Survey instrument
is not neeced for detormininq levels of
radiation during radiographic Operations
as long as all Persons involved wear film
badges and pocket dosimeters.

A physical radiation Survey and a written
record thereof is required by the AE~ te
determine that the Co-60 source is returned
to its shielded condition prior to securing,



55. The radiation Survey instrument RuUst be
Salibrated at least Quarterly,

3
i

The following questions/statements are multiple choice; circle
the best answer,

ocated at a distance of 36"
from the target of the X-ray tube. 1f the tube is now
placed only 18"

from the target and al} exposure conditions,
except time, are held €onstant, the new exposure time will
be:

(a) unchanged,

(b) longer by approximately 8%,
(¢) shorter by approximately 55%,
) only about 25% as long as the original
2. Lead i

S frequently employed in shielding
from X~-ray and gamma ray

exposure time.

against radiaticn
Sources because of its:

(a) extremely low cost.
(b) high absorption for given thickness ang weight,
(c) ability to emit elec

trons when irradiated,
(d) ability ¢o defract alpha Particles,

3. The Penetrability of an X-ray beam is governed by:

(a) Eilovoltage or wavelength,
time

(b) .
(e) nilliamporagc.
(d) source to film distance,
4. Co-60 used in nondestructive testing emits:
(a) alpha particles,
(b) neutrons.
(¢) gamma rays,
(d) X-rays,

5. The time required for one-half the

atoms in a Particular
sample of radicactive

material to disintegrate is called:

(a) the inverse Square law,
(b) a curie,

(¢) a half-1jife,
the exposure time.



10.

What does the term r/hr refer to when Speaking of intensity?
(a) Radiation limits for humans,

(b) Roentgens per hour.

(¢) X-rays per hour.

(d) Radiation and hydrogen.

Upon completing an X-ray exposure and turning the equipment
off:

(a) personnel should wait for a few minutes before entering
the exposure area.

(b) personnel should wear a lead-lined apron before entering
the exposure area.

(c) personnel may enter the exposure area without fear of
radiation exposure.

(d) personnel should take a reading with a Geiger counter
before entering the radiation area.

The most .idely used unit of measurement for measuring the

rate at which the output of a gamma ray source decreases is
the:

(a) curie.

(b) roentgen.,
(c) half-life.
(d) MEV,

All amounts of exposure to X-rays or gamma rays:

(a) will have a cumulative effect which must be considered
when monitoring for maximum pPermissible dose.

(b) will be beneficial Since they buildup an immunity to
radiation poisening,

(¢) will have no effecs on human beings.
(d) will have only a short term effect on human tissues.

A dose of would be dangerous, if not fatal,
if applied to the entire body in a short period of time.

(b) 25-70 R.
(¢) 200-800 R.
(d) all of the above doses would most likely be fatal.



16.

17.

18,

19.

20.

X-ray exposure may be due to the:

(a) direct beam from the X-ray tube target.

(b) scatter radiation from arising from objects in the
direct beam,

(c¢) both (a) and (b) above.

(d) both (a) and (b) above, plus residual radiation that
exists for the first few minutes after the X-ray
machine has been turned to the OFF position.

Materials which are exposed to gamma radiation below a
few million volts:

(a) should not be handled for at least 3 minutes after
exposure has ceased.

(b) should be stored in a lead-lined room.

(¢) will not be dangerous to handle after exposure to
radiation has ceased.

(d) should be monitored by means of a Geiger counter.

A primary disadvantage of the fountain pen type of

ionization chamber used to measure the amount of radiation
received by personnel is:

(a) the delay necessary before the results of the measure-
ment are known.

(b) the inaccuracy of such devices in measuring the
scatter radiation.

(e¢) the inability of such a device to provide a permanent
record of exposure.

(d) the cost of recharging such devices.
Very short wavelength electromagnetic radi

when electrons traveling at high speeds
is called:

ation produced
collide with matter

(a) X-radiation.

(b) beta radiation.
(¢) gamma radiation.
(d) none of the above.

The exposure of personnel to X- and gamma radiation can
be determined by means of:

(a) film badges.

(b) dosimeters.

(c) radiation meter.
(d) all of the above.



21.

22.

23,

24,

(7295

An advantage of the fountain pen type of ionization chamber
used to monitor radiation received by perscnnel is:

(a) it provides a permanent record of accumulated dosage.
(b) it provides an immediate indication of dosage.

(e) it is the most sensitive detector ava.lable.

(d) all of the above are advantages.

In making an isotope measurement in an unshielded area,

you find the dose rate 6 feet from the source at 1200 mr/hr;
what would the dose rate be at 24 feet?

(a) 75 mr/hr.
(b) 100 mr/hr.
(¢) 200 mr/hr.
(d) 300 mr/hr.

An unshielded isotope source gives a dosage rate of

900 mr/hr at 10 feet; what would the unshielded desage
rate be at 30 feet?

(a) 100 mr/hr.
(b) 300 mr/hr.
(¢) 600 mr/hr.
(d) 2700 mr/hr.

The best method of controlling radiation dose while doing
radiographic work is:

(a) decreasing time, decreasing distance, decreasing
shielding.

(b) decreasing time, increasing distance, increasing
shielding.

(¢) decreasing time, decreasing distance, increasing
shielding.

(d) by telephone.

LGSilverstein:4/22/74



WRITTEN EXAMINATION FOR QUALIFYING RADIOGPAPHERS
TO USE BYPRODUCT MATERIAL

INSTRUCTIONS: One hundred questicons are providec which are
subdiviced into five groups of twenty questions each. The
§roups represent specific areas of instructien required by AEC
Title 10, Part 34. The numbers that are underlined indicate
the questions that are mandato on each examination. The
examiner will underline the niigors of six additional ques-
tions in each group. Each question shall be given equal weight
in grading and a score of 75% or better is required to pass.
Time limit for completion of the test will be two hours. The
examiner will review and discuss each question that is answered
incorrectly with the student.

A. Fundamentals of Radiation Safety and Characteristics
ation

.M
1. What is the type of radiation emitted by radioiso-
topes that is useful for industrial radiography?

2. 1Is the energy level of radiation emitted by a
given isotope a constant or does it decrease as
the curie strength of the isotope decreases?

3. What is the different between the dose rate and
dose when measuring radiation?

4. What is the unit of measurement for the ionizing
effect of gamma radiation on man?

5. What is the unit of measurement which expresses the
number of disintegrations per second that is the

equivalent to the effect of one roentgen of gamma
radiation on man?

6. What is the unit of measurement which expresses
the number of disintegrations per second which
takes place in a given quantity of radicactive
material and which is used as a measurement of
strength of an isotope?
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Define the half-life of an isotope.

+« What is a radioisotope?

8

9. What is the inverse square law relating distance
from a radiation source to the intensity of
radiation?

10. When an isotope has gone through 3 half-lives,
what fraction of its initial strength is left?

il. What is the HVL thickness of lead for Co=60?

12. Does the HVL thickness of an absorber vary as the
intensity of radiation varies? Explain.

13. wWhat parts of the body are regarded as least
sensitive to radiation exposure? As most
sensitive? o

14. What is meant by "half-value layer" (HVL) of an
absorber for a Particular kind of radiation?

'™
wn
-

If the radiaticn intensity from a source is

10 r/hr at a distance of 2 feet, how much would
it be at the following distances?

(a) 4 feet:

(b) 10 feet:

(e) 20 feet:

(d) 1 foot:

16. Calculate the dose received from a 10 curie Co=-60
source in ten minutes at a point two feet from the
Source after the radiation has Passed through
one HVL of lead.

17. will radiation produce greatar biclogical effects
on minors or adults? Explain,

18. What would be the probable result of a radiation

exposure to the whole body of 600 r, received at
a single exposure?

19. Would a single exposure of 600 r to only one hand
be fatal? Explain.

20, What three principles must be applied for controlling
exposure to radiation?
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B. Radiation Detection Instrumentation

3
22,
23,

24,

29,

What does a Survey meter measure?
What does a Pocket dosimeter measure?
What does a film badge measure>

How do Survey meters and pocket dosimeters differ
in the way they measure radiation?

What radiation health Physics instrument must a
radiographer carry on a field trip?

What personnel monitoring devices must a
radiographer's assistant wear?

What minimum and maximum ranges are required for
@ radiation Survey mete:?

In case of an emergency, a dosimeter €an be used
to establish does rate, Describe how this can be
done.

Pocket dosimeters are designed to measure:

(a) gamma Fays and X-rays only,

(b) gamma rays, X-rays and beta Particles,
(¢) gamma Fays, alpha and beta Particles,
(d) alpha ang beta particles only,

Can film badges be transferreqd from one user to
another? Why?

How often Must survey meters be Ccalibrated?

How would You test the accuracies of Your dosimeter
and survey meter using a 5 curie source of Co~60?

When Performing radiography, when musg+ radiation
Surveys b2 made and what Survey results must be
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34. List the radiation levels indicated on a survey
meter when:

(a) Range switch set on 0.1,
meter reads 6: mr/hr

(b) Range switch sc¢t on X100,
meter reads 25: mr/hr

(¢) Range switch set on X1,
meter reads 65: mr/hr

(d) Range switch set on X10,
meter reads 8: mr/hr.

35. Why are small aluminum and copper filters bhuils
into film badge holders?

36. Suppose your ~urvey meter was found to be Lroken
or badly out of adjustment on a field trip. What
would you do?

37. Are you permitted to use a survey meter which has
no calibration expiration date attached to it?
Why?

38. Why is it so important to sSurvey your exposure
device after each exposure is made?

39. Will excessive heat affect the accuracy of a film
badge reading? Explain.

40. Why do most film badges contain two films of
different speeds?

nadiogzaghic zguigggnt & Its Use

4l. If a radiographic exposure device measures 5 inches
from the sealed source storage position to the
exterior surface of the device, what is the maximun
allowable dose rate at the surface?

42. What is the maximum allowable dose rate at 6 inches
from the exterior surface of an exposure device that
measures 3 inches from the sealed source storage
position to any exterior surface of the device?



Wwhy are exposure devices which are made of depleted
uranium smaller than those made of lead?

What is a collimator>
What is the maximum strength of the source of

Co-60 you are allowed to use in the Tech/Ops
Model 5252

Who is authorized to wipe test the source? Exchange
it?

Qutline the operating procedure that you would
follow in making a radiographic exposure,

How often must a sealed source be leak tested?
What is the maximum allowable remcvable activity?

How would you collect a leak test sample from a
radiographic sealed source?

Describe the Procedure you would follew if your
source should become uncoupled from the device
cadble while in the exposed position;

If a leak test of a gamma ray source shows exces-
sive leakage, what must be done?

Is the indicator light enough to assure that the
Source has been retracted into the container?

For a 30 minute eéxposure in an unrestricted area,
your "Caution - Radiation Area" sign could be
pPlaced where your survey meter read mr/hr.

What is the isotope and amount used in a Tech-Ops
Model 525 camera?

Can the position of a source, i.e., fully exposed
or fully retracted, be accurately determined by
counting the number of hand crank revolutions?
Why?

Why are Co-60 cameras 80 much heavier than Ir-192
cameras when both are rated for the same curie
capacity?

How could you make a set of remote hanéling tongs
in an emergency when you have only a kit of
conventional hand tools available?




D.

58.

59.

60.

What portion °of a crank Operated, remote control
exXposure device should be inspected mos+ frequently
to avoid Creating a hazardous Situation?

(a) The locking mechanism on the Camera,

(b) The control cable crank assembly.

(¢) The hookup between the pigtail ang the control
cable,

(d) The closure Plug used to Secure the source
in safe PoOsition,

(e) All are important.

What can happen jif You try to force the flexible

c€ontrol cable and Source through the guide tube
with the Pand Crank?

1he Reguirements of AEC Regqulations

61.

63,

64,

No person can act as a radiographer until he has

received copies of and instruction in the regulations
Covered in Arc Title 1lo, Part and Part .

The standards for Protection against radiation are
set forth in Part of AEC Title 10,

Regulations covering licenses for radioqraphy and
radiation safety requirements for radiographic
Operations and Set forth in Part Of AEC Title 10,

Any radiographic area to which access is controlled
the licensee is called a

Define a radiation area,
Define a high radiation area,

Unless Special records are maintained, a radiographer
is not Permitted to receive a radiation doge to the

whole body in excess of rem per calendar
Quarter, LR ——

If special forms are maintained, , radiographer may
receive a radiation dose to the whole body of

rem per calendar quarter,



69,

70.

76.

78,

79.
80,

Regulations covering surveys are found in pPara-
graph of Part 20 of the AEC Regu:lations,

Title 10,

Is a dose of one roentgen due to X- or gamma
radiation considered to be the same as a dose of
one rem? Why? .

What is your responsibility as a worker (employee)
as outlined in Form AEC-3, "Notice to Employees"?

What is the minimim age limit for a radiographer
Or radiography assistant?

No individual under 18 years old may receive a
radiation dose in excess of % of 1.25 rem per
calendar quarter.

Name two types of personnel monitoring equipment
required by AEC regulations.

Fill in the maximum allowable exposures of
individuals to radiation in restricted areas (rem
Per calendar quarter:

(a) whole body; head and trunk;
active blood forming organs;
lens of eyes; or gonads,

(b) Hands and forearms; feet and
les.

(e) Skin of whole body.

Make a rough sketch of the radiation symbol used on
caution signs and indicate the colors which must be
used for the symbol and its background,

Can you use a "Caution - Radiocactive Material"” sign
to post a high radiation area? Explain,

What are the locking requirements for radiographic
exposure devices? For storage containers?

Define a radiographer,

Are you required toc post the storage compartment
of the transporting vehicle?



Operating & Emercencyv Procedures
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Where must a radiographer record his pocket
dosimeter readings?

What records musc the radiographer retain a copy
of at the job site?

When must pocket dosimeters be recharged?

What would you do if your exposure device was lost
or stolen?

When must a radiographer complete a survey log form?

What is the requirement for surveillance of a
radiographic exposure device when it is in use?

What company document must each radiograghy
assistant have?

List three documents that the company must make
available to each radiographer.

How must you restrict each temporary radiographic

area to control access (other than remote, temporary
areas)?

How do you restrict and control access to remote,
temporary radiographic areas?

You barricade a temporary radiographic area and the
dose rate measured at the barricade is 2.5 mr per
hour. How many signs must you use to post the area,

where must they be pPlaced and what words are on the
sign?

What is the radiation intensity emitted from one
curie of Co-60 at a distance of cne foot?

What radiation dose rate is allowed at the outside
of a truck used to transport a radicactive source?
At the driver's location?



94,

9s.

100.

When working at a Customer's Plant, what steps must
you take to advise Customer personnel that you are
working?

Can a radiographer's assistant keep the job site under
Surveillance, or is a radiographer required to do
thi

Suppose someone ignores your signs and barriers and
insists on entering the radiation area. What
measures would you take?

What would yYou do if you checked your pocket
dosimeter and found it had gone off-scale?

What would you do if you have a wreck with a truck
€arrying an exposure device loaded with a scurce?

You get a rain Out day on a field day. What portion
of the sSurvey log report MUsSt you still £i]1] out?

On a survey log report, are the exposure device
Sserial number and Source serial number the same?
Explain,



A. Fundamentals of Radiation Safetv ard Charactaristics

ANSWERS 0,
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Gamma Paciation

l.
2.

3.

4.
5.
6.
7.

10.
11.
12,
13,

14,

15.

Gamma radiation.
A constant.

Dose rate is the amount of radiation present.
Dose is accumulated radiation.

Roentgen.
rem,
Curie,.

A half-life is the time required for cne-half of
the radicactive atoms in a pParticular isotope to
disintegrate.

An atom of an element with the same number of
pProtons but a different number of neutrons in

the nucleus than the stable form which emits
radiation.

The intensity of the radiation varies inversely
as the square of the distance.

One-eighth.
0.49,
No, because the wavelength is the same.

Least: bone marrow and nerve.
St: bone marrow which contains the blood forming

cells, the lining of the digestive tract and
the gonads.

Material required to reduce the radiation intensity
to one-half,

4 feet: 2.5 r/hr
10 feet: 400 mr/hr
20 feet: 100 mr/hr
1l foot: 40 r¢/hr



16.

17.
18.
19.

20.

J 2.
Minors, because they have faster growing cells.
Fatal.

No. You may injure the hand but the vital organs
will not be damaged.

Time, distance, shielding.

Radiation Detection Instrumentation
\

21.
22,
23,
24,

25,
26,
27.
28,

29,
30.

31,
32.

a3.

34,

Measures the quantity or rate of ionization in air.
Accumulated dose.
Perscnal dosage.

(a) Survey meter, rate of radiation,
(b) Pocket dosimeter, the dose of radiation.

Survey meter.

Dosimeter and film badge.

2 mr/hr, minimum; 1 r/hr, maximum.

By setting the dosimeter on Zero, placing it at a
distance and leaving a measured time, then reading.
Dose divided by time equals the dose rate.

Gamma rays and X-rays only.

No a film badge is used to determine the amount of
radiation one person receives and if someone else
usad it, you couldn't determine that amount.

Every 90 days.

Set survey meter and dosimeter at 10 feet from
source. Survey meter should read 700 mr/hr and
after 6 minutes, dosimeter should read 70 mr/hr.

Survey must be taken on every exposure, while
exposure is being made and after every exposure to
make sure the source is secure. Readings when
should is secure and readings at 2 mr/hr distance.

0.6 mr/hr. 2500 mr/hr. 65 mr/hr. 80 mr/hr.




C.

38,
36.

37,

38.
39.
40,

To detect energy range of radiation.

Shut down operations until survey instrument
was replaced.

No. Survey meters have to be calibrated every
ninety days.

To make sure source is secured in exposure device.
Yes. Heat may fog film.

To cover a wide dosage range.

Radioaraghic Eguipment and Its Use

41.
42.
43,

44,

45,
46.

47.

48,

200 mr/hr.
50 mr/hr.

Depleted uranium has a greater density than lead.
Therefore, it requires a smaller amount to meet
safety requirements.

A shielding device which limits the radiation to
the area of interest.

5 curies.

Health physicist. Welding Engineering Supervisor
and health physicist,

(a) Check with Survey meter to make sure source is
secure.

(b) Determine distance for 2 mr/hr readings, put
up barriers and "Caution Radiation" signs,
Put up "High Radiation" signs and calculate
exposure time at 100 mr/hr.

(c) Put film on weld.

(d) Crank out source and survey perimeter during
exposure,

(e) Crank source in.

(f) Chec.. with meter to make sure source is secure.

(g) Read pocket dosimeter and record all survey
results in log.

Not to exceed six months.
0.0005 microcuries.



49,
50.

51.

52,

53.
54,
5S.
56.

57.

59.
60.

Call health physicist,

(a) Shield the source as soon as possible,
(b) Rope off the area so no one can get in the
2 mr/hr area.
(¢) Send radiography assistant to call Welding
Engineering Supervisor and Industrial Hygiene.
If you have no way to secure the source, wait
until you get further instructions. Make sure
no one gets into the area.

The device should be locked and returned to the
storage area. Care should be taken to avoid any
unnecessary contact with the equipment. The
supervisor and Industrial Hygiene should be
notified immediately and no further handling of
the equipment is allowed until it has been proved
safe.

No. The survey meter must be used because of
the possibility of mechanical and electrical failure.

4 mr/hr.
Co-60, 5 curies.
No. The cable may slip.

It takes more lead to stop the wavelengths of Co-60
than for Ir-192.

The thumb screw or ring stand clamps may be turned
with a slotted stick and a pair of pliers wired to
a stick and a rope used to operate the pliers.

(e)

You may not be able to retract the source.

To keep from getting hung up and not being able
to retract the source.

D. The Reguirements of AEC Regulatio'.s

61.
62.
63,

20 and 34,
20,
34,



64.
65.

66.

67.
63,
69,
71,

71.

72.
73,
74.
75.

76,
77.

78.

Radiation area.

Any area accessible €O personnel at such levels
that a major portion of the body could receive
in any one hour a “0se in excess of 5 mr/r or in
any five consecutive days a dose in excess of
100 mr,

An area where the whole body or a portion of tae
bocy would receive 100 mr in azy one hour.

1.250 rem.
3 rem.
20,.201.

fes. REM is a measure of the dose of any ionizing
radiation to body tissue in terms of its biological
effact relative to a dose of cne rocentgen of a

200 Rvp X-ray.

You should familiarize yourself with the provisions
of the radiation regulations and the cperating
procedures which pertain to the work in which yau
are engaged. You should observe their provisions
for your own Protection and the pProtection of your

Co~workers.

18,

10%.

Josimeter and film badge.
(a) 1.25 r,

(b) 18.75 r.
(e) 7.50 r.

Purple (magenta) with yellow background.
No. Personnel can erter as area with radicactive

material. Personnel cannot enter high radiation
area,

Exposure device must be liocked when not in use, and
when stored it must be locked also, and must be

locked with chain to a solid object when nct observed,



79. Radiographer: A person who examines the struce: 14

- -

of material by nondistructive methods utilizing
sealed sources of byproduct materials.

80. VYes.

E. Operating & Emergencv Procedures

8l. Log book.

82. Log book, operating and emargency procedures.

83. Beginning of the day before you go to work.

84. Notify the local civil authorities. Notify the
Welding Engineering Supervisor and health physicist
who will advise the AEC.

85. As soon as possible after making exposure.

86." Constant surveillance.

87. Operating and emergency procedures.

88. AEC license, state regulaticns, AEC regulations.

89. By roping off the area and posting radiation signs
every 90 degrees.

90. Constant surveillance of area.

91. 4 signs 90 degrees apart with the words "Caution =-
Radiation Area.,"

92. 14.400 mr/hr.
93. 2 mr/hr. 1l mxr/hr. »

94. You must advise all superintendents, foremen and
supervisors that you will be working in the area.

95. Assistant can do it.
96. Secure source and go to his supervisor.
97. Shut down operations. Survey the area and send

film badge in as soon as possible; find out results
before continuing operations.



98.

99.

100.

Survey the area with meter; if meter is broken,
Stay at scene. Rope area off, send for reter.
Do not leave arsa; keep constant surveillance.

Transportation and number of source and cameras
and job locaticen.

No. The exposure device number is the number of
the camera and the source number is the serial
number of the source capsule.
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-« SISEXNT RADIOGRAPHER QUi .FICATION TEST

. A
- . g . . . 0 o

Fhet 1e a radicgraph? X.May® Isotore

What i{s the main differsnce between X-lay and Cazma-Ray? Explain, 4
What are the main factors to be considered in the production of an .1
acceptable radicgraph? _ - s 3.
b, Vhat is the basic difference betveen zhe varicus grades of tiln end
vhen should ezch be used, z .
s, ; S g
. - . M



04 t 10 o penetrameter and hev is it used? llov {8 the size (thick. .
A TR .. hees) “etermined? Size of holes? .

——
e
—_— - - - —
— — —— — — —
- —— -
. .
-

- : @ Radiation iurVey instruients shall be calitrated every ' -y
vy months, How many wur's arc alloved per week, quarter, year? vhnat X
LR L S .o  safely equipmens is required at each radiographic site?

' , o g 7. ‘hat is peant by the ratio of source fo film 2istance? VYhat is thef ' "-’
R kS Binimum source-to-film distance alloved by APT 11047 ' o
- :
‘ -
' 8, ‘'hat is meant by diagnostic fils leagth, Izicle, Concave root? K
: 9. ‘hat is the maximun allcvable off-set of the plane of radiation of . - .
. en internal and external exposure of a Girth veld? ' '
' ‘ s -
- | . . . . - X 4 i - _:. .' -
& ... = i '- [ &




10, ‘\-'hat arc :ad screens? Why are ther uze. . Vhat
screens i3 recommended f{or X-Ray over 150 ¥V? Iridiunm?

s

thickncos of lead °

~ 41, Vhat i{s secondary rodiation?
"+ :.e  secondary radiation?

Fhet is neceszary to protect film froms .

) _Hhsf. is the recorms

'12. Hos do you determine the usable life of

the developer Fixer?

re -

nded temperature rance for developing solution?

3. Vhere will the penetrameters be located on a rediograph? Hev marny .
] . penetrareters vill be used on eech filn if three exposures per
"l " weld are taken? .
.
- O — —— ——
- & : »
- -

- —— -

.
T

-
o

.
e

boalhe £ Abadsulh i




14, DName and describe at least five types of artifects?

e X @ “hat sofety precautions shouwld a radiog-z;;-hcr Lake Lo protect hioself.
BRI and others? .
- ?.C.L‘f d°sllﬂ.-
S . Phl* is a filz badce? I Siow=ehemonr! RAzdiation Survey veter?
b Hal - How are ther used and vhen? - '
" 7. Vhat are the various passes of a La-u:.al electric:-u-c veld called? .
¥ s e
- » ° - ; ¢ ’
I ,‘\ ) ¥ , " . ' . A
"'.. o = " . ¢ -




i T, 18, What are the conmon defects of a me-'1l veld? N

o ."’.;E.,. . . V E ety -
n - ST R 19, Vhat is the raxinuas allcuable Zength of the follcsing defocts: T

S et M TR T Satesete Tenshretien
TULlTL Te o3 ] Incomplete Fusien .

s Wi .o+ . Burn Through Area , 1
T e to Wi ¢ Isolated Slag Inelision -
oA kb ey . ™lagen Track” sleg

» F : B - Porosity

o St an, <. - Cracks o

. BRI s e .- Internal Undercut e
Le.wlere .. . -External Undercut -

e > 20, Describe the shadeow irage of each af the above types of inelusicns
- e, O .+ - or defects, .
l.. .. -.‘ - ’
'\d‘ . = — -

g " .21, ‘Do you feel that the training and e
o %0 be a Rediograpner? Yhy?

expericnce you have qualifies you
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RADIOGRAPHER QUALIF ATION TEST

An excellent radiograph is obtgined under given .anditions of exposure

with the film located at a distan.e of 36 inches t-om the target of the
X=ray tube. If the film is now Placed va'y 18 1nches from the target.
and all eaposure conditions ercept time are haig Ltonstant, the new ersosure

|

b,

5.

6.

‘ds  shorter by approaimately 55 pe- ceng, -

" de ebility to diffract alpha particles,

3. The most common causes for excessively nigh density radfographs are: =

The time required for one half of the atoms 1a a.particu!ar.sample of -
radicactive material to disintegrate 15 caileq. ° - ‘ tuy et ’

C.time will be:

e

a. longer by 3pprosimate'y 80 per cent.
b. unchanged -

€. only about 25 Per ceat as Jong as the orfginal exposure time,,

»

- e x % E 3
.- 2 . T
o . X
“

‘ _‘2. Lead is frequently employed in shieldlng aga?nst.rédiaiibﬁ f'om.i-Ray jl
. and gamma ray sources because of its: S S I

3. extremely low cost, . SR R R Xl P
b. ability to emit electrons when irradiated, A P P N e
€. high absorption for 3 given thickness and weight, . - et o0

e et o'y .
. . - » ..
® . ’ \

3. insufficient Washing and overdevelopment, i T ey
be contaminated fixer ang insufficient washing, WAL T
' €. overexposure and overdevelopment, . B A RN
d. overexposure and contaminated fixer, : R e, R

. _ % n e B
. >

2. the inversg square law, - e el A _.3- 2 ; i

b. a curic . L 2 e .

€e 2 half life il ame R s Pt !

d. the exposure time, - S U
The ability to He:ect a smal] dnscqnt:nuft, or flaw is called: i

a. radiographic contrase, ° . , .:':. -Lﬁ'/w

b. radiographic density, o A

€e radiographic resolution,
d. radiographic seasitivity,

If 3 Film is placed in 3 developer s5!.¢gn and allowed to'deve'op
without any agitation: :

, the development of the areas 1mmediately below fte
€. there will be 2 veneral ‘foggieq (oadition over the entire
. ’ .. radiogp.ph, gl 9 : - . e e Bk ba e

- . = ree v § e,
- - . " - . s

..
L
'
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Tha e?cc..on_ ‘af; the P"°P" type of me to be used for the “ ‘

examnanon of a part ticu hr part depends on: . A A s B ORI S Ve

LY s . @ T LR R

: oS et 'o» r-..'. . . . . ” o St L -{
o e g »‘.é." thc thncmass of the part. ’ L R I e
A " be’ .the miterial of the specimen, : ‘ B R T T
cit s . e, 'tha'voltage ronge of the available xeray machine. - B
s T S d. all. ‘thres of the above factorse e T A, -
fre S AwIIE 19'2 :.su-eq. . A N ok "; i S T )
: W WHI have 3 half-er A A S T s dt
-3 ’_ ;.‘c S '.'.»,";:"'- .'" % a o g ey ' .5 e, L = £ R Sl I
kY st Sa0e,, Se3i YeRrs .y S g ad et T B 0T e A
R T Sebppn T, o & Lwr 4O CRTSRE L
7 T ST “6 mont hs~._' -, % e 0 TN A R L I
L LTI S . d. 75 d:ys. 25 ARt ; TG 22y, :
b A ; JF s e TN et F Y .
““«,l: , 9 , Lead foﬂ in dxrect conta:’ with x-rays h!m. o ey .‘, 5
..:-!. _-'.:..'. '-'..' s &, o _ o - '“ '\)1\‘..’_...' i . - o .‘: S B ..
P L S _l.‘ intens*ﬂaa n".'catter radiotion more than the primary . .~ . 1-
‘,._;.,__ Ap¥ et o T Fav S sl nd e rpediations . o i
" o .'.'\.:','; g 7 “De ( "naifies tha prmary rore than the scatter radiation. r -
&% =* 2N, ¢ .
A3 AR il s €e ..hould rot ba used when gomma rays are emitted by R .. e ¥
ML ; i ire M~ zource of radiation,, L S L
A R . - de decraa.al tho contraost of the radiographic unage.. epTT el Rmea - ES
Wi e ' b d AR .

f,g}"‘_ "7‘ ‘10, Radiographzc s~n.{tivity, in the context of defm{ng th; mininun £

- _— ., e Ry -: : - . o .4\, $ P ""-":_.: g e X
°O.‘ PN grainimss of the film, R T L S A
5t e o be thz contrast of the flaw image on the Filme BTN T SUC i
;?:.;;‘,..: _ . c. tha unsharpnass of the flaw muge in the film, Y on >
35 R Rl d. ﬂl threa of the above. X O O
'-,.__“'_ 11e In order to dacrcasa gecmetrv' u..sharpress. W g S
et T ’ Be Gar:a roys should proceed from as small a focal spot as HE
- i e " I other considerations will allow. RS
Poav, L - be Ge:ma rayn should procesd from as large 2 focal spot a3 . .
S 32Ty ' “ ot othar considerations will aliow. ~
e odte t‘na fﬂn. ..muld he as far as possible from the object being

AR R o fi.2" st radiographed.

: ;_}_ ‘- . de thz dtstanco from the anode to the materul examined should
5. A A T ol s R bo as small as is practical. - -
TR A e L b 2 g
Ry ! 12. Scattered radiation’ caused by any material, such as waH or floor, on
'.';f,";-’_-. * the fﬂa side of tha specimen is referrcd to as: E ok e ee mDesih o
"‘ bt :.. ': s - . e ;" . L o * . . "7_.' E > : .. . -.-‘ . -. o.'l .
b, e 'P'{‘f-ﬁ"f 3‘.'-3.“""“9 e e e e
b. undareult T O 2 LI Lk .
" co boHE Sleatad scattering | SO B £ .
d...'back-scnttared raduation. e A I A Lot
Pre— 'P—-\.-—-',—-.‘”O}“--:’,~ g W ek .S . e ee ;”-.- S ﬂ;,'-'—"'— X



13, Exce
will most likely result in:

ssive expasure of Film to 11

‘be
. Co
d.

* " 14, White crescent
caused by:

a.
b.

Ce
-

15, Fr{lling=qr ioosenihg of the emuls
most likely caused by:

a.
b.
Ce
d.

16, As a check on the adaquacy of the radio
customary to place a standard test pfece on
This standard test piece is called a:

”
a.

be

- Qe
d

17, A penetrameter is used to measure:

b.
Ce
d.

18, Lead fof{

b.
Ce
d.

19. When the minute silver grains on whic

group together in relatively large masses

a.
b.
Ce

v de

- —- ..‘ — '”;o-ﬁ—- . -
« ¥ P

Bl . b g

a foggy Film
poor cdefinition

yellow stain

crimping film before exposure,
crimping film after exposure.
sudden extreme temperature change whi
warm or exhausted fixer,

water or developer on unprocessed film, -
warm or exhausted fixer solution, e
developar solution contamination, .
low temperature of processing solutions,

referenca plate
penstrameter
lead screen
fl1luminator

the size of discontinuities in 2 part,
the density of the fiim,

the quality of the radiographic technique,
the amount of film contrast.

scresns are usad in radiogranhy:

to improve the quality of the radio
reducing the effect of
to reduce the exposure time,
neither a or b are reasons for using lead fo{l screens.
‘both a and b are reasons for using lead foil screens,

air bells
reticulation .-
graininess ©
frilling

ght prior to development of tha fFilm -

-shaped marks on an expésed'x~ray film are most 1ikel

lérprocessing. jl.”,'

ion from the base of the film is. =

graphic techhique, it is . :
the source side of the specimen, .-

= .
-

graph by preferentially
scatter radiation,

h the x-ray fiim image is formed
» they produce a visual impression.




 2Be

fs:

*20. Static nnrn S, " yvihich are  black tree=|ike or C\rcu\ar marka on a radno-
graph, are often caused by: . . .

22. When manua!ly processing films, the purpose for sharply tapping
hangers two or three times after the films have been lowered into the . ™~

8.
b.

Co
d.

be,

*Co
d.

. e .. . ’
. o . Voo, ! [ e - »
- - [ S Y . . o ive - ¢ .
FRLAL X . . o )
e et '..‘ - » - . -
b ,'.--- 2T a e ®
-t . AP '
. L ) .. v )
sy b 2
R S ’ . -+ a
\ LISEN St ‘a

v,.

s

ia. 1mproper f1‘ﬁ handling tech~'quese.
b. foreign material or d'rt imbeccec in screens, :
c. .film being bent wnen inserted in @ cassetie or holder. ' ot
d. scratches on lead foil screens, - : pie jf Rl S
i 2\. The purpose of agitating an X-ray falm durlng development is to: 7% e
_ a3 protcct the film from excessive pressure. . 7Qf¥f=;;;,{ ’
‘v .be renew the dsveloper at the surface of the film. Wiy R e
c. dispers3 unexposed silver grauns of the film surface.. .7 "7
de prevent: rctlculatlon. . ) T .

.. . -
.‘-00. -

deveTapor is tos R Lyt = Shair WP . 1o u.,gﬁ. o
e. dtsperso unexposed silver géains on the film surface, i{1317' 
b. “prevent frilling. oot TE 2l e
‘o ¢s dislodge any air bubbles clxngwng to the emu!swon. o "3 4
- d. all of the above. ; RO . S S A R . -
The purpose of fixatton fs: . 4 ' .
;3 a. to remove all the undeveloped silver salts of the emu!s1cn. E
- be to leave the developed silver as 2 permancnt image. o
¢. to hard=n the gelatin, : ;
d. all of the atove. TN GAE A O
24, ‘For best results whan manually processing f\\m, solutions should be .
maintained wx:h1n 3 tenperature range of: LA A R R T - 9
e '.,_'"-» .-... 48 ' ._n',,..-‘.:” g
a. 650F and 75°F R A F s 4 e R Pl SR
_b. 65°C end 7s°c T O ST B IS
Co 75°F and 85°F e 3R N RN e e ST
d. 75 C and 850 , i V _ Mo o  EENLNE
25, Water spots on films can be minimized by~ el

.ropid drying of wet film, . ¢ ' : .-.‘
inmersing wet film for 1 or 2 m:nutes in a wetting agent -
solutior., . N T L
by using a fresh fixer solution, R O
by cascading water during the rinse cycle. gty

26 The mnst comman material used to prowvde protect:on aga{nst x-rays Pk

high d:nsity bricke : B " AT ot O S i
an alloy of 705 stee! and 307% copper ‘ Y e
tungstan . ) n. ¥y B e
-load = y Ay _.,j . , LR L S e




* ot " "L 27+ A groph which expresses the relationship between the logarithm of the ¥

vl - eXposure applied to a Photographic materis! and resulting photographiz
€:>' - density is called: ' . : ‘. %, .

3. 2 bar chars

. 'be an exposure char® _ ‘ GBS
roe €.. the characteristic curve Wy AR atulliy A
' d. a logarithmic chare . 3 e ege 4. o
. A - g ol . ——

28, Short vavelength electromagnetic radration.produced during the disintegrae
_tion of Nuclei of radicactive substances "is ca)red; Ay I e T .

.. St o™,

i J 8., Xeradiation .. ".r_.£:§.-;L:”:'";;{_i:;.'t{t..x _
e, s .- be gamma radiation - fhgni) e D e TR e s e R
I 2 wen € scatter radiation cr TR LY e e Kot Rt S

BEE ST Ll T - de back scatter radiation A o B LA e Ll

. . " A " : '...'...‘> -- .'.:~.. . TR ':. .‘";“:»" .-.' ® v.:. R
: D¢  Unsharpness . O TR STNCES Sk T )
' YTy " b. radiographfc comtrast R R s e P S Sl T ¥

g . . € specific activity RS s gk prl ol
: A 7 de subiace density : RS R ORI S
¢ A RIS o
A<:}>- ~ 30 When producing radiographs, if the miovo’tage !s Increased: 1 oo
€:>. ‘ 2. the subject contrasr decreases, S L R b R
» . - be the film contras: deireases, _ tateeted- oSG
e L €. the subject contrace increases., St el S o
d. the film contrast increases. T S e T
: - . ) s s 3 g el T
31. The accidental movement of the specimen or Film during the exposure o~
the use of a focus-film distance that 1y too small wilf; . ¥, 5 R
' e, . produce a radiograph with poor conmtrast, < T A e
b make it impossibie wyen poar contrase, ST e F o B R e
C. result in unsharpress of the radiograph,. Boat nh I N
: «.ds result in a fogged radiog-apn, | TP B A - M R R
o - 32., The sharpness of the outl ime "N’ the Image of the radiograph is 3 meas;re !
3 of: s : e 8o bl gt F
8. subject cortrast p F 'fiif_ffnf{lfﬂf;r_'-.{;?}E“Gn;::K
| radiographic defvnit|oﬁ -:';,['~,_; ' ALY R I g P
z - =" €e radiographic contraste R Lt i L e L v
- ds film contrast RO IS I ek, o o g I
* 'r. - :.. v ',. 4 ':. o.
" T ) ” g "" T
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o Part 2 paga # 1

.‘o ‘What does the term (R/h).refer to when speaking of intens{ty?“ .
2.. Roentgens per hour
b. radiation limits for humans ‘o
Ce Xx=rays per hour oy s Jonent
de radiation in hydrogen . :
2. A curie is the eguivalent of; ooy 0 .
. Sl N Y iy
3. L00! millicuries e tw -, »
b. 1,000 millicurias ) . v g eid :
© . €» 1,000 megacuries y v 60" Ny
.~ ds 100 megacuries ' o

CEE> Thefciposure of personnei to X- and gamma radiatfon can be
by means of: . : LW ol e ey D

de
b.

: determined i:' :
film badges e A S A
dosimeters e f A

€. radiation meters é.
d. all of the above
T o by An advantage of the fountain-pen type of ion:zation chamber used to R
: . monitor radiation received by personnel is: . P i
8. it provides a permanent record of accurulated dosagt.l .V.T -
- b. it provides an immediate indicagion of dosage. ECINE TS
' €o it is the most sensitive detector available. R
d. 2ll of the above are advantages, . '
5. In making an fsotopa exposure in an unshielded arca, you F{nd the . _
dose rate 6 feet from the source is 1200 Mr/he, What would be the dose
rate at 24 feet? ) LY. AN 50
a. ' 75 Me/nr | s A A S
b, 100 Mr/hr ‘ _ : . e e e
€e 200 Mr/hr : . L A,
. de 300 Hr/he . - RS SRR O 3
" 6. Overexposure to X=fay or gamma rays may cause damage to human: .
2. blood tissue > —;‘f dag I ;"_3['" ';;fn'ﬁ‘f..~
o b. skin ot g A , FEf e R oL o
. €« internal organs i LT T 2 T A R MR DO
" . de A1l of the above - s
( 7) Oosimeter should be re-charged: . ol
_ T e every 24 hours % e 2 t7i". AT A
be. every week R Wk AP L SO S P A e
¢ € “every day . v ong SRR, = O N TRl
d. every moath 2 e Th




. 8. Under Section 20 of the A.E.C. regulations paragraph 4405, you.are ey :
allowed how man MR's for the following periods of time, . e kel ?\9/“
a, ' per Day . L |
" Do per Week ad ; oo
s per Quarter
de ° per Year _
The Typical Survey Mater used in our type of Indust}y'is required to L
‘ave MR's readings from to- ® " e ; .
10, When using a Survey Meter with a typical scale of X1-X10-X100 ]ike the =~
Victoreen 5928 and you had a reading of 4 on your indicator or gauge hew
many MR's would this be on the scale? ' s BF TG demn e sy SNV
b. X10 ' $ 0% A R el oM e
.\x. xxoo . ’ e ..'l‘ A _ : "..'~",‘...'.“ .';. ;."‘. N

The A.E.C, rc'qdires that the pocket desimetar have a range froh,.' o I
MR's to at least MR's, . - x S o ey

- * .
. . - . " . . - - . .
@ - 2 > S » - -.-..,.‘ L o .- .

) 4’&‘ Y . < . i . F.o R “,,. . "-'3‘: .‘A..' .' .'t' .
@ Radiationgsigns should be posted at the - MM Tines = L7005 ey g

. ee ! z“_)' ..'_,'-. -~ .
' @\n‘hat is a Beam Camera? ' PRt o T RN Sy '-;.:-_.-',,- e

@‘“\at is @ Panoramic Camera? | Pod ‘R - 3
15, What represents the approximate quanity of radiation emitted from 2 ons -
gram source of Radium in one hour at a distance of one metar? ‘ b B S P
8., roentgen . o0t e Sl \ e 95 _'.'fv '
b. curie S . 2 Mae e ..-; i, W ':
c. millicurie ! ‘ . N a7 .' w' S e
d. rad g .' e
@ Under the present A.E.C. regulations the exposure device shall have no
radiation level in excess of: ) : e
. a. mr at exterior surface, | A Pl O
1 bs - mr at six inches from exterior surface, ~ - WU e’
. Ce mr at one meter from exterior surfa e, '
'@. What three precautions would you follow when stcring a source? k-
’ , ' ;?. > '.-. -
‘. P . '-o y
- —\--. ¢ o - f-..



’\"'hcn must @ Survey Meter be re-cal tbrated'?

a. every 6 rmonths

b, every 3 months

] c, every 30 days
- 2 d., every year

( 19? When must a Source have 5 Leak Test?

a. every 3 months o .
b, every year ) -
" c. every 6 months
d, every 30 days , :
If a source fails to return to its prcpcr positxon 1
following steps you would take, > &

‘ . ‘ \- '. L
2.
3.
b,
5.

8. weekly
b. monthly
c. daily
di. yearly

@ If you lose a film Badge what would you do?

23. hnen traveling on the freeways & turnpikes throughout the Un ted “g'F
States, what arecas are you strickly forbidden to have radioactive material?

. . - _._-
.

@ What is the half-1ife of iridium 1927 Ll T g P

- ~
P . e e * . . arg w2 ,'_;.' » . -
' e b T4 . . e, RO N ) _ 1
ey ; ¥ o - -« ¥ % Jn P 4. .
5 : DR AR T P .
- & LAY 51 - . . Y T »
‘e - ,‘ ‘. ¥
. - - - -
= - - * .-
. - 'f -’ ~ y 1
' 5 =
’
-
»
’
b v B
. 3 - -3 & s *
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s "
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y . THRE FOLLOWING 25 QUESTIONS ARE IN REFERENCE T0 THE AP} CODE BOOK, EACH QUESTION
( . WILL HAVE A BLANX WHERE YOU WILL HAVE TO FILL IN THE PROPER WORD OR NUM3ER.

. le The t2rm
. Quirement,

STANM*R0 FGR WELDING PIPEL INE APL 1°°% 11th EDITION Sl

0s used in this tiandard indicates a mandatory re-

2. Nondestructive test methods give

.3.

_ dimensional results only.
" INADEQUATE PENETRATION OF LELD ROOT : . 5 R
Inadequate penetration without high=low present, is defined as the

fillirg of the weld root. Any individual condition due to this type of inad ite

equate
. penetration shall not exceed o The total length of such condition in any cor

.12 in. length of weld shall not exceed o If the weld is less than 12 in. 1
then the total length of -such endition shall not excesd per cent of the weld
length, . . T ey

R, INADEQUATE PENETRATION OUE TO HICH-LOW

High-low is defined as a condition where the pipe and/or fitting surfaces are misali
High-low is not objectionable provided that the root of adjacent pipe and/or fitsing
joint is completely tied-in(bonded) Sy weld metal, When one edge of the root is exp
or (unbonded), the length of this condition shall not exceed at individy
locations or in any continuous 12, in, length of weld, -

<f '<::35. INCOMPLETE FUSION

<:> Incomplete fusion at the root of the joint or at {he tep of the {:int between tic wel
© - metal and the base metal shall not exceed - 'n length, e total length

of such conditions in any 12 inch length of weld metal shall not exceed 2

the weld is less than 12 in. long, then the total length of such conditions shall mo
exceed per cent of the weid length, ~ e -

Y
.

6. INCOMPLETE FUSION DUE TO COLD LA?

Incorplete fusion due to coid lap is a discontinuity between two adjacent weld leads
* betwesn a weid bead and the base metal, For the purposes of this standard, incomle:
fusion due to cold lap it a sub-surface discontinuity and thus it differs from incs:
fusion, Individual incomplete fusion due to cold lap discontinuizies shali not excae
' in length, The total length of incomplete fusion due to cold lap in any
contiruous 12 in, length of weld shall not exceed - )

o .+ EOR PIPE 2-3/8 IN. 0.0. AND LARGER BURN_THROUGHS

\.

Any unrepaired burn-through shall not excead or the of the pipe wal
"whichever is smaller, in any dimension. The sum of the maximum dimensions of separ
unrepaired burn-through in any continuous 12 in, lergth of weld shall not exceed
Radiograpns of repiired burn=throughs shall show that thess have been properiy repair

1

i

: ' - TRy N TR S g
‘ P e

!
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. 8. - ELOVGATED SLAG INCLUSTONS ( wAGO: Acks)

0. _IPE 2-3/8°1N, 00 ARD LARGER

_ Any elongated slag inclusions s

width, The total leng
of weld shall not exce
Separate conditions if

th of elo
ed

the wigt

hall not exceed 2 in, in length or inches §r

Ngated slag inclusions 1n any continuous 12 in, lengt
« Porallel slag lines shall be csnsidered as

n of either of them excecds . .

9, * ISOLATED SLAG INCLUSTONS

- of the maximum wicdth of

K not exceed nor shall

d slag inclusions sha'l not exceed ; The td
Y continuous {2 in, length of the weld shail
there be more than 1:9!ated slag tnclusaqns‘

- 10, " * SPHERICAL POROSTTY W

in this length, '

Y individual spherical gas pocket shall not exceed -
per cent of the Pipe wall thickness, whichever is the lesser,

1. CLUSTER POROSITY ' Gy ik Ty we

12. ’ PIPING (WORMMOLE) PORPOSITY
' /

image associated with vormh
cent of “the pipe wall thick

13, _ HoLLow

idifying weld metal, The maximum di
cle porosity shall not exceed or
ness, whichever is the lesser,

BEAQD

. Hollow bead is elongated 1inear

length of this disconti
bead in any continuous
individual adjacent dis

at least 2 in; of sound we

14, . CRACKS

beads and i,; =k are the

of these shallow crater
location shall be accep

5 AZCUMULATION oF QISCONTINUITIES

nuity shail not exceed
12 in. length of weld metal shall not exceed

continuit

F Star cracks which are located

result o

considered injurious ‘efects unless

cracks,
table,

porosity occurring in the root pass. The raximum |

» The to:al length of hollow
and
length shalT be Separated by

Y exceeding .

|
1d metal, . : e

at the'stopping pPoint of wald
f weld metal contraction during solidification are not

their length exceecs o« With theexceptio,
no weld containing €racks, regardiess of size or

“Excluding high=low condition, any accumulation of dis
in a continuous weld lengt

leag:h of more than

" per cent of the continuous weld

is unacceptable,- Accumulation of discontinuties wni
of the weld length assocfated with an entire joint

|

\

|

|

length if the total weld length fs less than 12 7r
|

e e



16, UNDERCUTTING

- Undercutting is the burning away of the side walls of the welding groove at the 2
¢dge of a layer of weld metal, or the reduc:’on ir tha thickness of the pipe

woll ddjacent to the weid and there it 15 fysed to the su:face of the pipe,
Undercutting adjacent to the cover besd on the outsice of the pipe shall not be

. Sheped nor shall it exceed ———— O __ __ Per cent of the pipe wall
thickness, whichever is smaller, in depth; nor shall 1: exceed fn leng:h
or the length of the weid, whichever i3 smalier, Undercutting adjacent

. %o the rout bead on the inside of the pipe shall nagt exceed in length
or of the length of the weld, whichever s smalle™, g . '

17. REPAIR OR REMOVAL OF DEFECTS . A, R, i
K - AUTHORIZATION 7OR REPA [RS “« % c N
Defects except in the root and filler.beads may be repaired with prior 3
company autharizaticn, (Oefects, except 1n the cover Pass may be repaired
without prior company authorization., Cracks shall not be repaired,
. 18, TESTING  TESTING OF REPAIRS T
Such repaired areas shall be : or nspected by the same mc;ns ‘
- Previously useds No further repairs shall be 8l lowed in these areas, I
194 PENETRAMETERS \ | ] - g 'i;“«“"-;
! shall be made of ' Lok Lo 'radfographically}
&5 the matertal being welded, « BNty
20, - Weld Thicknass, Inches Penetramecer Thicknasa Tff.w »
" Up to 1/L Inel, o ek o
Over 1/4 throuch 3/3 P L G
Over 3/8 through 172 el

Over 1/2 throuan 5/4
Over 5/8 throusn 31/G
Ove-~ 3/4 throuzh 7/5
Over 7/5 throuen |

Over | through I& - R
Over I= throush |+ ' ,
Over i» throuah 2 '

2 ’ FILM DENSITY DL L i e

Fiim shall be exposec 3o that the average HoE 0 density shall not be Jess {hanrfii 3

and 3o that this density through the thickest porticn of the weld = &
« shall not be less than . Lt e ’

LT . i o 3 ey

g o ¢




"

" AFTER EACH OF THE FOLLOVING NUMBERS YOU WiLL LIST voua EVALUATION 7}.,:f 4

THIS PART OF THE TEST IS IN REFERENCE 10 THE EvALUATION OF, AT '.ﬂ
25 FILMS. ON EACH FILM ThEge WILL BE A DEFECT IN THE WELD 2t .,

OR THE FILH VILL NGT HAVE THE PROPER TECHNIQuUE OR PRCC;SSI'(J.

OF THE FILM IN DETAIL AND YOUR OECISIOP{ OF ACCEPTING or REJECTI;

. et . 4 -~
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© Since these samples consist of approximately 200 swabs containing

. avallabllity of a 3-channel spectrometer with punch tape output.

108137’ C060 210, Pm1u7’ Ra226, SrQO’ Tl2011

INTRODUCTION

-

In order to omply with AEC regulatior., it has been necessary to

make biannual leak tests of the exterioresurraces of the radio. W
sealed sources in use at The Dow Chemical Company. According to o
By-Products Material License, the test shculd be sufficiently se:zw
tive to detect 0.005 pc of removabls beta or gamma emi tting radio-
active materials. If any removable contamination is found, it rusl

be reported to the. AEC within five days after conplet*on of the te

cotton swabs to wipe an area around the source to pick up any loos
contamination. It has been our Jjob to radioassay these wipe sampl

i
'+ ' The Blochemical Research Laboratory has been making these tests, uj

some beta, gamma or alpha emitter, we needed a Quick and sensitive
method which would rapldly screen 200 swabs for various kinds of

radioactivity. We selected a liquid scintillation counting method
for this purpose becsuse of the ease of sample preparation and the

RADIOASSAY METHOD Ll
Scope ' : .
This method will detect a lower 1limit of 0.00002 pc of beta or alp
radiocactivity on cotton swabs used to wire sealed sources conca*n*

» and H3

Apparatus

Packard Tri-Carb Liquid Scintillation Spectrometer, Model 332L.-
Glass counting vials, 5 dram, screw cap, Wheaton Glass Co.

Reagents Lo - _" 3

quuif;uor 25X concentrate: 100 gm of PPO and 1.25 gn of POPOP pe
liter of toluene, Pilot Chemicals

Liquifluor 1X: 40 ml Liquifluor 25X concentrate diluted to 1 1item
with toluene 1

Procedure

|
"
Cotton swabs used to wipe the sealed sources are placed into Wheateo

ot
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counting vials. The swabs &re covr ed with 10 ml of Liquifluor
A clean : .b is a8lso placed in a counting vial ang covered with

The channels of the Tri-Carb 3000 are set at s5C-1000. The gain
Settings selected for the 3 channels are the balance pPoint gain
settings for 0136, C1 » and H3 standard swap 8amples. These gal
settings cover al1 energy regions of interest. fThe table below
indicates for each isotope the c¢hannel in which the bulx of the
~eounts appear, . 'y , ¥ N

Cie’8 Channel - ol4 Channel ' ' 2 Channel

I:!otomz."};‘_.~ (2% gain) i (10z gain) :1}_150% zain)-f

 08-137 ifyﬁ.a’i x  "',.,,;'>f¢'f7f;?j57¥-1¥"7ﬂ'. _ ;.
othy (s o VA SR RO o
Ra-225 x DL IS TUN BN | w'gy e P 4
Sr-go x
T1-204 x o et
H-3 o ¢

From‘the gain spectra of standard swab Samples, the balance Point
gain Setting for counting the Samples in 2 50 to 1000 window can
be determined." Knowing that a relationship existis between the bet.
energy, the gain at balance point, and counting efficiency, a
countin erriciency can be estimated for each of the isotopes in
the 013 ’ Cla, and B> channels., On our instrument when the count-
ing efficiencies were calculated for eacﬁ isotope, we foung wc
could compute an aﬁerage efficiency for each channel for :he'iso-
tores listed in the previous table. These values were 91%, 653, -
and 6% for the 3 channels. : . e R
The background is determineq by counting the blank swab for at
least 10 min. This background CPm can then be used to get up the
background subtract on a Tri-Carb 3000 Spectrometer 1f one 13
Planning to calculate the results manually or 1t can be fed into a
computer program 1ir the calculations are to be done by a computer..




Wa o) Three to s~ven repeat counts are tal , on the swab samples wity
d time set at two to 10 min. The repeat counts are averaged for ez
sample. ;

<:> All samples containing more than 50 dpm (0.00002 pe) are reporte
: This means if the maximum counting channel of a sSample is the (1”2
or cl4 channel and 1t shows more than 40 net cpm, it 1is reported.
If the maximum counting channel is the H3 channel, 1r more than 3
net cpm are Present, 1t 1s reported, & ST i S S

alculations

C = Average crm 1in channel with maximum counts .
B = Background cpm Iy T ; ‘ e bt
E = Per cent counting efficiency in channel with maximum counts

\ .

i |
. .

-

_ 100 g
;—;g - 336 - = UC per sample
22 x

Automatic Calculations

roughs B-5070 computer oy F. A. Blanchard (APELSCATR-}K: Wipe Tess
Program 297-7, Deck 864). This Program uses punch tape data fronm
a 3-channel liquid Scintillation spectrometer, averages the counts
computes cpm, Subtracts the Predetermined background Cpm, selects
the maximum counting channel, computes the HC Per sample in the
maximun channel using the Predetermined counting erriciency, and
computes from the repeat counts the standarg deviation of the
average uc per sample. The Program will print out KHC Per sample
for all 8amples greater than o.ooooa'uc and will print out a -

The only imput constants needed to yse this Program are a file
number for the data, the Predetermined background cpm for each
channel, and the Predetermined counting erficiency for each chan-
nel, | - ey oy

RESTRICTED: for use within The Dow Chemical Company only.



Liguid Scintillation Counting of tr Samples

The swabs immersed in scintiliator Ssolution were counted ©p -the
Tri-Carb 3000 with the discriminators set at 50-1000 in eacl, &r
the three channeils. The gain was varied from 0.2% to 100Z. [he
<:> : g2in spectrunm obtained for each 1sotope Showed a balance point
3 gain setting where the counts Were a maximum. A plot of beta En
versus balance point g8aln was made using the data from the gain

Spectra,

setting for the Swabs which were Prepared from solutions of knowun
radicactivity, Using this data, a plot was made of the counting
efficiency versus balance point gain setting, L e s

Results

A. Gain Sneétra

The gain spectfa for the standard swap Samples are shownhin Flg. 2
The T1-204 swab ana Co-60 swadb showed 83in spectra similar to the
standards, The Sq9°-Yr9° Swab showed a g2in spectrunm with only or
o maximum. The two beta rays could not be resolved in the wide wing
<:> - used for this éxperiment. ’ ‘

The uninown Po-210 swab, Which 13 a 5.3-Mev alpha emitter, showed
4 maximum at a gain setting corresponding to that of a 0.69-Mey
beta ray. The unknown Ra-225 Swab showed a broad gain Spectrum

A balance point gain Setling for each isotope in a 50-1000 window )
was determined from the g2in spectrum of the swabs containing C*‘,
B3, C1-36, Cs~137, Pm-147, Sr-89, Co-60, and T1-204. Since Peng
(2) has shown that a relationship exists between 83ln setting and Hh
the maximum energy of the beta T&Y, 2 plot of these two variables
was made and is shown in Fig. 2. an almost linear relationship
was found eéxcept in the low energy end of the curve. Thus for any
beta emitter on a Bwab, the balance point gain a+ which it‘would
count 1in a 50-1000 window could pe found from this curve,

RESTRICTED: for use withia The Dow Chemical Company only. |



STANDARDT2: 710N OF BA™"QASSAY METNOD,

it Zreverets | p SYED Dume s
Solutiong used; DPM/m1
1. Polyacrylamide-c“ in water 2.825 x 103 SR
2. S;ngi:?z:d POlyviny, toluene-H® 2,172 x 106 (1'11_‘65) o
3. Sodium chloride-c36 , water - 1,470 x jgs
4. Cestum-cg137 SPomide 31 wates 5+275 x 10% (1) e
5. Promethiwn-Pmlw ¢hloride in Hey 5.26 x 10% ( 1-27-65)
6. Strontiup-sn89 ¢hloride 1n ey 2,568 x 104 (1-27-65) ~ .
T Cobalt-cy60 chloride in water | unknown activity . % =
8. Thalltum.py204 Ritrate in water b Bl %

. 9.

watepr

Sgontium (8r99_y.50

) sulfate s Bee g e ’ S

listee above were Plpetted onto cotton swans

Tologicay Pilet. Duplicate cotton swabs were pre-

led at room temperature rop 3 1/2 nrs.

Siz=2 emitter, Cs-l}?, were first counted
Cezemine the dpm on the swab, Taking

**2Z= of the 1sotope, the number of betas

* <luese swaks were then 1mmer_sed in 10
= =2 the Tri-Carb 3000, The gamra corn-
T2z Tri-Cary was determineqd by wrapping

=<<= to block ors the beta rays but not



clency

The couniixg erriciency Was calculaceqd for each or the standarq
swabs (C-14, H-3, C1-36, Cs-137, Pm-147, Sr-89). fThese vere
Plotted against the balance point 83in setting (Figure 3), a
curve approaching 100z counting eff:ciency at lew gain sectingal
was obtained. This curve could then pe used to determine the
counting efficiency of any beta emitter for which a standarg was§
not availadle. The counting efficiencies of T1-204 and co-60 on
Swabs were obtaihed from this curve. | %

Since a standard of Sr9°-Yr9° was not available, the theoretical.
balance Point gain Setting and the counting erriciency vas found
for each isotope using Figs, 2 and 3, Using this data and tha
82ln spectrunm of isotopes having 8imilar beta-ray énergies to
Sr-90 ang Yr-go, a theoretical gain Spectrum for each isotope was
Plotted, Assuming an equilibrium mixture of the two isotopes wag
Present on the Swab, a gum curve was obtained 8imilar to the ob-

found that the 0.662 Mev gamma ray only contributed a few per
cent to the‘counting efficiency. So 1t was assumed 4n the case
of Co-60, the gamma rays giso did not contribute many counts.

The alpha emitter,.Po-alo, was assumed to be Counting at close to

100z counting efriciency (3). Since the decay Scheme of Ra-225
was unknown ang & variety of Products wags Present, i1ts counting

3=channel ligquid acintillation spectrometer. The 3 windows chosen
were balance Point gain windows fop C1-36, C-14, ang H-3 with g2in




-

‘The largest error introduced in using &n average counting effi-

settings of.2, "0 and 504, respectively. Alsc, three average
counting efficiencies could be selected for calculating the pec
per sample. This data as well 2s the balance point gain settings
and counting efficlencies are shown in Table I.

Based on a minimum detection limit of 10 counts Per minute above
background, the detection limit in each channel with the gatin .
settings of 2%, 10%, and 30% was 5 x 107%, 7 x 10°®, and 75 x 107"
microcurles respectively. :

ciency for each chanrel 1s 10% in the total activity due to Sr90. .
!r9°. The error is less than 4% for the other.isovopes. s g._~_;~

REFERENCE

(1) (€s-137 swab analyzed by Dave Briden of the Activation Analysis
Gr oup. !

- (2) " Peng, C. T., Anal. Chen. 32, 1292 (1960).

(3) Horrocks, D. L. and Studier, M. H., Anal, Chem.‘zg, 17u7,(1958);
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Table I. Counting Efricicncy'br Various Isotopes at Three Selected Gain Settings

g i Counting Efficiency in 50-1000 Window
Energy of . Containing Maximum Counts

’ Pr:dgglg?nt Gain, Egggggtggy, C1°® Window C* Window H2 Window
Isotope Mev % % _(2% cain) {(10% Gain) (50% Gain)
H 0.018 - 52 By : 5.7
¥ 0,155 0.5 683 | 68.3
Y L IR I A S - 70.0°
o T s N ' 82.0 | 68.2
R W SR W 91.7 89.8 |
226 ok 25 - 9hg gk -
11204 0.765 =~ 2.5 94.9 9k .5
sr89 | 1.463 13 98.0 89.0
90_

B0 Cogaguii g Sl My
W ey 24 100 95
L e 100 95 v

' |  '?; ;: - .{. é4 { o Avérage" 91.3 + 4,9 68.8 + .57 5.7

#Total beta aotivity, counting efficiency = 81.3%

##Average to the nearest whole equals 91, 69, and 6% counting efficiency for the 3
channels, A e

T R e e R



(TR ~ o,-.l..roap...qx._:n 40 Sap3 O

CLts & vo OIVIsSiOng LAl T
®iurree s ttvem ¢co.

Fi ‘ | .
igure 1. Gain Spectra of Various Isotopes Dried on Swabs

11}

PV

L1l

-
o

& Efficiency

-
~

Z Gauntin

—
-
—

L

R

1 1 1

—————

—
—
S — o —
- —
—— e

- —
=
=S
i

| P
20
| =

—
-——Q

o
i <
i
= S ey —
o —— —

|1
NN

AEEEENN

A1

A

b
{aadt s

¥

—I 1

1

— g —

{14
RELL
1 1]
g 1
= = *.E.ﬁ.
= '?-}-EI .
{“.

i

.
-

]

A

-

-y

I
3w

o A4
»
1
-. b
|
1]
4
r)
.
1 (W]
—_—
4 &
o
LR
| 55
r.!
-5
[
-
-——
——
-
-
'
‘9
)
<
-
-
.-
-
:l
L
!
4

' H
) Xl’ J N —n__ . _.: ki) o] -
N - i ;M*J-Lr“urrLAL-ruhyu“ e DA
S ER L P N iyt v VAt et i B bt rﬂlr "y .4.4..? + ..c
= — ~pape b LT - LItk =tirirp—4{° SNEH b
T LK o K P a8 ..n\.\u % 331 ied et e sl e 4 ..IJ‘L:LOII
Ty e o i Y N DAY 496 Lairi el g pay L B e e
st £ 2 555 SN 5N S 173 Bl e bam e Loy G I i i
1t — 7.4 Il gl W
L T i o SR J - .fu
i = s FYEY TS e VLY TR fri o
. bed AT o i b 1101 [ o

L TTIT]

(1

g L O W, e A gl :
. “..“ wiloi ™ kn - l.'nhuo l..%& .n.i —;— : .vw.o"  § e :
o B B et a1 o L o
_ HH B o Ve AR ﬂml- 4 (5] e ERral] Ly s
1 01 i) Iisei— v _d—. L) B
[ S T e e T e
8, e ® . ot R oW ey P 3 ' -
Ll T -HA | EEES ot e A S e
e /0 PO 8 A 4 P ] Y R ELH e e
N it Y L “wl;_ Eunad it e [HTH L Ben IR izt~
(s Ewned 1 FHH B o A L el =

% gy |
- .
-

[}

i

+

-

‘

e

!
!




eOl o 9
] ]

Asy ‘L2a3ugz ejeg umwWixsy

L v s *

1.018 9 L 9 9

= .-~

sounyg L UIE0. T re

LERETEIL I N | a.)'

DimMiiuvYDOY

tore ov

LA B TR LY )

MOPUTM Q00L-0G uy (qux%b

VT B \ s
(LY F NN Li i 1] INWUET TR AN SR FEIVLARARE BN AR A 1 BSOS R N B R LIRS RETRE B ’
I [ Fil LRI AN IMIRERR ORI R o IRES LI AR R ™ aasaa s . .
AR AN YR A L T T T it eTeTT T \ L MRS N -
{TIERARE -t T . ety T B s L3 SEEES!
. | - — A,. ) R tild 1+<J 1 ; ™ ! W ——
: ' .t .
1 o Y e T T g ~ ——
111414 -t Tl 4 T — — .4 —
- ey Ju;]_l. <Jlll
il ———— - i
e s ™ = L4
o
o e ——
. - —
— - — |...|H|l||u.l||l||.'l”.....|-lo.ﬁ e o = 0 o Su—
— e “————— e e+ o — . — e ——— ] & o e — | - o L ST = -
1 : :
! + 4 O ¢ pe— — c——
‘ o= 4 gubdury v — N v—
— prresson o — ek - b4 = {3y o P Segrasan et
B | v - —— —————— — ——— —— '
et Etd :'ll.l.l.lln.l'. =2 |||.u == — — i ——
o — —— S — ] S——— L e T —
e e e e A S e e e e e e e e e e — e e =1 "
= . e e e e e e | T e - S S do e e e s
= - e T I e e e s et Do ——— & | < g D — — e — T = — -l
e} o e e o e 1
ot cab e ' ’
i e e - o t— o~ - “  e— —
- — ]
3y - — - )
-— o e & | o e '
4 — — —— o— 4 ol ot— - —— e —— . - — —— - — - — f—————— .
ITTTIEVE ._,__4.;, il T T IR bl b e Dy Tiargee 1 [TTIERN i ' -o
LITRER: e T ML Ll I 8 A U VA i
SRR S RE W 1 } e | A AN T fITITT { 1 1808 i
" oy
T NS R 1 T i1 ; ! ' Moty
rllL. .ll/!lr . ¢ b oy - — m~ w H d st 1 1]
- o | s - -
— ——— — — e | 2 4
— | —— - < § i | bt S Ayt
= |tk ] st St ey bt - — - { — —
L - ——— —— PR ” ' -~ and - -
et ———men { I-Iﬂ'l.l!l.’“uklﬂ. - I'AWU'II/ JH. ”ldlu. T . llJN =
—_— l'vllll.l.'T.!.."“.hhnl...lll.ll.'ub.bw).rl. u...;l;l'm.l'.“.d“ = o [ S L e e e
Y P e pee et o] o [ g | s e e e Tty o e A |
e e e S S I r/._ .r..xo..u...nln‘llu«..n Hisdd e e e e Y e et g et
e , _ e o g =+ v k=¥ yi b X =i
e U S5 N U SR N N e 3 4 iad
. ‘41’\#.. i”.;lv}rj,l Mtlll et  pana b e
- e . - 1+ — — .
—_— - - — —— e —— —— b l.ol.LlQ. Lims g LRy | gy | i c—— oy - . s
- . e —————————— et e et v -t ~ - - — . - -
e el ey oo gt e, o pres e syl [P0 B2 Lo § ot e kg g g B o : B 04 444 Sxtuteg, o M roreainm bme——
Pty fyn - — R oy oy —— . — Jllnu
it — el S e e s S vt g — §5an 4 | - —— o 5 | 9 . S S— . s— .
S o o | — e G 2w § e I S48 : | S o P SR ¢ e e e — e e [ % e e« Se—— - oy
- oy o | ee—————] e § o e e e o e e b e e e e S e et Lot | e e Bt ==
| e T L e e cp S s S E el s = .Iﬂ.......mﬂl.lu.ﬁ.h!..:lﬂ“nllc
Jaselidl IR EMY T PN Il 17 SEPFENERES JLNI JUYEE NEW) :
- - L LR UR 0 NN N A .luLtJJ. T - e Ty e 8BS T
: " v g 1 - 1 1 - ¢
— S R —— - [EUES PSP S JVPERS
~ - ’ A
————— - — ), —p——— e bo— — o 4 | ey e (44 [ 1 4R |5 g by (4] | a4 s
‘. ‘-l.‘l‘ll{'ll)l..i{l..,' W S siedy ool-’llll..;..-l.‘.l..'.lll'lllo
§ } ] 1 | I iy i 1 ] tiihy F LIttt f1il1lt i i
i) { BN RN l..._.:kz; ! dJ Ll L Jireligd W BN “ M | A
I il R 1 H+ CEANERSIIeER :;FLT,;;B% 18 00
ahn o | Tin 1] i p?«vmm ! NS i 11112 ! ML e 1 0
1 ) asey Y1117 ' T ' 1T f ERREFUE S 33 pTRR T2 T
{ b | AH_ »t}» = w H_% ptiing. .MIuMF - 4w~ 1444 I't.'ll.j; —— - .
h1l - T vy 3 3
b — o g | e bt ppy 4 pt # Pt ambgiy — ' e ,
H bl o g LENERRASESSN 4 n, b ot ¢ P S ——————
—— TN |t | b— | - ———————————— - et s, Sy -xlolbl,.j..olr.“ o — _.lil.‘hlllltlll“l
| i cdbon b . \wl e p—— | — TR I e ———— z
sy b (1) iy ) o —— —— | - - g | b - { wu——y seldgom g e b ————— g
.»Irv'l'l.— 0 —— .l-ll'lll.'.“"“- - - — - _“oum-{_ . - ~.: M.t‘. - — zuwl ],.
el berewed [ L u.J_Inl.' b———— - ] o e | e .«V» 139 ] e o ﬂ.'m. (br=2 == b g e e ...;....miw_:_ SR 5 By ooty ey e
TEL) - —— j1ise: g omm- == |||l|'v_u.~l‘1|!1. =11 | ,"; [PRR £ e s s & ot e b BT ST B RO FETFT ) s | o e -
Sk Rt 1 K Eena R e R i 3 ol bt d een ) nﬂl.l.quL..r..JT.Juunq.ulnn..mm“l...l,ml.luur..;..mm..nuuu.,..i_unu == ===,
—
ua;l[.:_.. a2 g ——— »ﬂ,.:.?o.&, _““to’ 1] - Sh6s 4 bbb 44 - “z:..”v.!!lelﬁll.
.- _A ‘= _.tTA. m w«.,—rn - —- R .ﬁ
- -— —— - ' llE A - - . 1] -
- ' ”.n. I'Il.'lll..*u’ '_,J._Aul.llllJ.l:.Yl[tllluolvlolllhlolhl'lldw.l_b.‘.h”“I- u.u“:hﬁll'
"o - TN I n.ﬁl. I e I I T T T T ™™ 4 | — | 14 o P fa ey e ) oo B Ju & My P m S
s 1% A H Qe et e g Bk 4 = | { { «|? . vt L1 . o
3 R i R e sE= l R e sl =g R FTHEE e il B i s e ==
+ S B 2 T PR i et smrmt! {1} 3 H S G P e 111 ™1 | b I iigs ety CIEP RS K a8
' 111 et R R R ETINTI R HETEE Eiti<iilsldd 1 | il PEERHI ] oY o (T ieime
Hi == R A L R T IR N R T R I R =1,
T T ' ' ! . ’ ! =y T
W e Ut A R 1] ] g et pe | § | e db s (1 ] b 4 4] [0 FAj |y
i o ¢ 1 ! ! 1 "
il - ——— | B o o d L ] ) ] il | demabang o | 44 | 5§ | §1L] | — S, M
; = gy . o o
PRI i | e | - .Lo

£Fasug ejep wnuwixey uUsam3aq drysuogyrray

ule) 3UTO4 adueleg pue




'y

s 7T

Ll sl Bostd
L i,
g B s T

- ) s ] v o b

v of cume poad .’.-u
{=1=F=51
e b 134 1
A=
. 9 11 |
- ..:.. .a...w
Huf?
.
' '
T
f

|
L
3
=

b p oy oy
»

—
bt

ol ot B S I

Py b

=}

-t

- as T TN
WHHI}T%w
=
oy l‘:ns-ihw:*wr
I O 5 1§ 004 1
b - .Iv'llli o;.."
- T H b
. - i)
”H...” " m.n .r..mﬁ.~
TR D LN N B
= s L 114 :
— === R R
o
T - J. . ...-.‘.m.
= e o T
FEE R
==
o e o S WY SRR T
WY i
i
i o i 0 B
S

|
|
1
N >
.
)
-
——

i
iwiz,;
l

t=pebe

-t

o P
<~ 1 - b s p—

B

s
—
—

il

m_:

—

e —

—
-
-

e ——

e o S e ——

—— T ——  —

Pt cb—— — —

——

|

—

- e .
-— =
= -3
—

— - c———

—— .

I ME 1]

138 |

——

El 111}

> —

———— 4

— e ———
=
P—

S ——

e

— . — —
—

p——
—

T
b —t

}
[ S——
i

————
T
el
T
———

o —— e}
g
:
Y
e

4
v
$

g

} e
3
e
—

et me e me) oy
! - -

— ——

—=
- o
—_—
L=
—

—
—

J T — s § i + ol w0 | o § eot———

b —
[

) e
—

[ p—

e —

| S—

il

e

o

souefeg puvw Louatofyig Fuygunoy :mozumw drysu

PMTIRAIG o8 82222 0

‘O wreen 0oy ana
DINMAIUYLO Y naE mwov._

O

L AN Jars

YS9

i e

-8 N e - -

| i
=
T4l

—
o
LRSI e

-

<
e —

0
TT™ Crvarimans o ¢

~
-~

Asustor

ot

\

ol e
- ~4 4
ol o e ned
ool
IESRNN N .-
e -
o — g
44 -
- e fansd
444 4
- N
- . -
,.‘Trtlll:l
g
W =
3
]
fEsEENN
4 -~ — -—_
ol
. s .
s
- P-4
R =
el
444
] e
.
4-
el
o -4
-~
=
”'VW’ATi
— e of
1
" 3
- .
- -4~
- } -4
. . .
flandh oo
lLvI.l.v.I'j
4 ¢
=
L = e —— g —
y = .
44+
444
44

OT3evtey

L T e — e g g——
-




