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

!
I i

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

Type of Maximum
Manu- Model Radiation Range Number Intended

(b) facturer No. Detected (mr/hr) Available Use

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

(c) 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.

(d) 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.)

(e) See enclosed.

(f) See enclosed.
|

(g) The Midland Location radiographic operations are under,

| the direct supervision of Harry 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 Iby 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

-

(
0-
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.
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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.,

I The source is included on a separate preventive
maintenance computer program for the Midland Division

i which issues a quarterly re* quest 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
j under the supervision of the Radiation Safety Committee
j which meets et least semi-annually to review all
J records and activities relating to radiation safety and
1 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
j and the Secretary is L. G. Silverstein, Certified Health
j Physicist and Senior Research Industrial Hygienist in

the Industrial Hygiene Laboratory. Other members are
l 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 Industriali

Hygiene Services, D. D. DeLine, Manager of the Midland
,

| Division Inorganic Chemicals Production Department, and
Dr. E. H. Blair, Manager of the Corporate Health and,

Environmental Research Department. Mr. DeLine reports
,

to J. G. Temple, Jr., Midland Division Manager and |4

{ Dr. Blair reports to Dr. M. E. Pruitt, Director of Research I

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*

i that I artain to the Midland Division, which includes the
radiographic source. Mr. Field reports to the Committee

]
in person semi-annually.

i

' e

|.
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AEC FORM-313R: (6) ENCLOSURES TO FORM - Page 3 i

!

(i) Wipe tests will be done by a qualified health physicist ;

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 " Radioassay 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.

i
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) DON CHEMICAL U.S.A.

M. E. Pruitt'

DIRECTOR OF R$9 J. G. Temple, Jr.
\

MEMBER, BOARD OF DIRECTORS GENERAL MANAGER OF
THE MIDLAND DIVISION

: O'

E. K. Blair*
DIRECTOR, HEALTH $ 9. D. DeLine* W. C. Timm,

'
. ENVIRONMENTAL RESEARCH / MANAGER OF MANAGER OFi y INORGANIC CHEMICALS FABRICATION i

PRODUCTION DEVT. CONSTRUCTION
i Radiation

Safety Commit. tee
1,

>

E-~~s| H. R. Nogle* n
'sDIRECTOR, INDUSTRIAL HVGIENE H. R. Field .

CHAIRMAN, RADIATION SAFETY COMMITTEE
s,~''

~ SUPERVISOR,
N WELDING ENGINEERING. '

,

,-

L. G. Silverstein* g
'

wHEALTH PHYSICIST
SECRETARY, RADIATION SAFETY COMMITTEE,

l

*Ccanittet Members

Committee members not shown above:
,

D. J. Ducommun, M.D.*

o. u. Anders, Midland Vivision Analyt.ical Laboratories;, Midland Division Medical Department;! Indu4 trial Hygiene Services. R. R. Langner, Midland Division
!

.I I
,
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j '[ TRAINING PROGRAMy h

;
h

,

|' h^\
'

; ,
! The Welding Engineering Supervisor, Mr. H. R. Field, has

,

L i responsibility for proper training of radiographers and
| radiogrhpher's assistants. 'He has presented such. training

at the Dow Welding School since 1965.
,

'

A. Initial Training & Qualificaticn
u

5

~~., ,
~

1. New Radiographer's Assistan'ts will complete the
Radicgrapher's Assistant Training Course outline,

shown'on12 9. enclosed.pages. Qualificat' ion as>

radiographe'r's assistant will consists of passing
i a written examination with a score of 70% or moreA plus satisfactory demonstration, under the

N supervision of a cualified radiogracher, that he
is competent to use the radiation source and -_.'

radiation survey meter which will be employed in-:
! his assignment. This demonstration will bei observed personally by the Welding Engineering

Supervisor who will judge the individual's.
,

competence nnder actual field conditions. Personnelfailing^ths test and/or field demonstration will
j'

j will)Oden be r6- 4 xamined.
receive' additional training and/or practice. They

<
,

jt, t -< 4

' J,fter 'six months on-thp-job work and trainingi
,

i

~y

,undsr a qualified radiographer, a radiography,

assistant will be considered (411giblesfor'
1 -

c promotion torfull radiographer.-4 . 3

f, i ,,,

' t.
2. During the latter pcrtion ofM radiographer's

! assistant on-the-jpb period of six months,,he;r>

will complete the remaihing, training co| AEC cegulations for a full radiocrache' quired by
,

i
>

r. This
| training is outlined on tne dellowing pages. He'

will then be givwn a written examination which
! t, s rust bs passed bys a score of 75%.pr more After

..

\ 4 (, the full six months as radiographerh _ ass.istant,4

~

i '
- |f . the indf.viducl. must demonsirate to tihe Welding' *

(Engineering Esyervisor, under Mield~ conditions3

! <stM without supervision, competence to use4the
fidiation~scurce and radiatifon survey meter which-

i sill be employed in his assignment as radibgrapher.
After satisfactory completion of the examination .

. ,

i - n and' equipment demonstration, the individual is'S consideredialigible for promotion to full-

'
# , radiographer., '

7, s'

(

[. (
'

.

i. 4
f ,

', " '
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+ 3. Personnel with previous training and experience
as a radicerapher will have such training,
qualification, and exprevious employer (s) .perience verified by theHe 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 radiationsurvey meter.- He will also receive training in
any of the other AEC required subjects which
cannot be verified as having been satisfactorilycompleted 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.

B. On the-iob training in and for the various groups of
employees have been specified in 1, 2, and 3, above.

j C. Periodic Training
1

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 aqualified health physicist.

D. Course Outlines & Examinations

See the-following pages.
1

-

{
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TRAINING PROGRAM OUTLINE

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

I. Introduction to Radioactive Materialsand Radiation (1 hour)-
II. Radiation Detection Instrumentationto be Used (1 hour)

A. Use of Radiation Survey
Instruments

1. Operation
-

2. Calibration
3. Limitations

B. Survey Techniques (1 hour)
C. Use of Personnel Monitoring (1 hour)Equipment

1. F,ilm Badges -

2. Pocket Dosimeters and Chargers
D. Demonstration and Practicewith Above

(2 hours)
III. Radiographic 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 end Review

(1 hour)
VI. Test (Written) (1 hour) -

P'JJNLITOTAL: (16 hours)
:

,
'

|

*
.

e

f

e
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TRAINING PROGRAM OUTLINE *

-

For New Radiographers $D
See Section IV. A. 2.

"

I. Review of Radiographer's Assistant
Training

(6 hours)
II. Fundamentals of Radiation Safety (4 hours)

A. Characteristics of Gamma
Radiation

B. Units of Radiation Dose (mr) and
Quantity of Radioactivity (curie)

-

'C. Hazards of Excessive Exposure to
Radiation

D. Levels of Radiation from LicensedMaterial-
E. Methods of Controlling Radiation

Dose

1. . orking TimeW
.

2. Working Distance
3. Shielding

III. Requirements of AEC Regulations
(2 hours) .

A. Part 19

B. Part 20

C. Part 34

IV. Dow AEC License
(1 hour)

A. Inclusions
.

B. Exclusions and Limitations t
!V. Study and Review ;1

(2 hours) -

VI. Test (Written)
(1 hour) *

MINIMUM TOTAL: (16 hours)
h-

; i
-

.

S
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TRAINING PROGRAM OUTLINE

Previously Qualified Radiographers
See Section IV. A. 3.

I. Review * of Sections I, II and III
of the radiographer's assistants and
the same sections of the new
radiographers training programs (4 hours)

II. Company's Operating and Emergency
Procedures (3 hours)

III. Dow AEC License for Radiography (1 hour)
A. Inclusions

B. Exclusions and Limitations

IV. Study and Review (1 hour)

V. Test (Written) (1 hour)

. MINIMUM TOTAL: (10 hours)

r

*

*If previous training in these subjects can be verified .

by previous employer (s) . If such training cannot be -

verified, the individual will receive full training in'

the subjects which are not verified.

.

e *

O
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WRITTEN TESTS

on the attached pages are several sets of test questions.
The written test for full radiographer qualification will
consist of a minimum of 50 questions selected from the
complete group of test questions. The written test for
qualification 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%.

,

:
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RADIATION. SAFETY EXAMINATION -- RADIOGRAPHER TRAINING COURSE
Name

Data

The following statements are true or false.check, the best answer. Indicate, with a

1. Since gamma radiation is very penetrating,
T_ F_more of its energy will be absorbed in body

tissue than would be the case with otherforms of radiation.
2. The attenuation of alpha radiation recuires T Fcareful consideration of problems of ~

~ ~

shielding.

3. Alpha emitters offer serious problems of
internal radiation. T_ F_

4. Gamma.radiction will penetrate anythingto some extent. T_, F_

5. Bremsstrahlung frequently results from theshielding of beta radiation. T F
~ '

6. Bremsstrahlung is the kind of radiation 'T Fwhich is similar to X-ray. ~ ~

7. All alpha radiation from a given source
will have the same energy and the same T F

~ ~

range in matter.

8. Tissue damage is directly related to
T Fpenetrability, energy and specific ~ ~

ionization of radiation.
9. The roentgen is ghe radioactivity whichiequals 3.7 x 10 disintegrations per T_ F_ -

second.

10. The roentgen is the unit of external
radiation exposure. T F

~ ~

11. The roentgen is a measure of the
T Fionizing ability of the radiation. '

~ ~

:

.

P
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12. The curie is a u-it of radioactivity which
equals 3.7 x 10'U disintegrations per T F

~ ~

second.

13. The roentgen equivalent man (rem) is a unit T Fbased on the roentgen which takes into - ~

account the relative biological effectiveness
of various types of radiation.

14. The roentgen and the roentgen equivalent T Fman are equivalent. ~ ~

15. The relative biological effectiveness of a T Fgiven 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.

16. Counts per minute and disintegrations per T Fminute are the same. ~ ~

17. All radiation survey instruments give the T Fsame background reading - - -
.

; 18. Radiation injury occurs in cells by causing T F'

changes in the atoms and molecules. ~ ~

19. Blood and blood forming organs are the most T Fradiosensitive. - -

20. Skin and the GI tract are the least radio- T Fsensitive organs. ~ ~

,

21. Immature cells, cells in the early stage of T F: division, and cells with high metabolic ~ ~

rates are the most sensitive to radiation.
22. The safety of the individual workman is the T' Fprimary criteria for the setting of ~ ~

acceptable levels of exposure to radiation.
23.- Acute symptoms or injury can be expected if T F'

the hazards due to handling of radioactive ~ ~

matorial presently used for radiography in
Midland are not controlled. ..

:

*,
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24. Life-span shortening has been demonstrated T Fby experiments with human beings with ~ ~

i radioactive materials and radiation.
25. Experiments with animals have proven a T Fpotential hazard due to genetic effects; ~ ~

but have not-given us reliable quantitative
4 information yet. -

!

. 26. Lack of knowledge is sufficient reason to
! T F

be conservative in our control of radiation ]
~

j exposures.

27. Present control levels are well below thei T Fbodily injury range and constitute little ~ ~

or no hazard to future generations.
; 28. Present standards which limit exposure ta T Fi radiation are based upon well established - ~

) experience with human beings.
i

j 29. All exposures must be kept below 2.5 mr/hr. T_ F_;

i 30. Maximum Permissible Concentrations take' T Finto account biological half-life, - ~

radiation half-life and organ sensitivity.!
!

31. The half-life of a material is the length T Fof time it takes any given sample to decay. ~ ~,

;

32. It'is possible to predict whenever any T Fparticular radioactive atom will decay. ~ ~
;

;

i 33. Although radioactive materials can ge; through decay schemes which involve several T F
- ~

i other radioactive materials, they eventuallyall decay to a stable product.
,

, 34.
~j Materials can be.made radioactive by T Fexposing them to external radiation from ~ ~

radiographic sources.
;

35. The biological half-life of a material T F *

refers to the time it takes the human body ~ ~

to rid itself of one-third of the original .
,

dose of the material.i

1

1

:. '

.

.
,

9
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[ 36
The effective half-life refers to the time

; it takes for a dose to the human body to be T, F_reduced by one-half.
; 37.

Effective half-life is a function both of
'

the physical half-life and the biological T F
half-life of the material.

- ~

:

38.
{ The AIC limit on the level of radiation for
4

>

minimum of four inches from the sourcea radiographic exposure device measuring a
T F'

- -

j

storage position to any' exterior surface of t4

! the device, is 200 mr/hr and 10 mr/hr at one
matar from any exterior surface.-

(Theradiation levels specified are with thei

seal.ed source in the shielded position.)
39. Having locked storage containers for the

Co-60 source is sufficient protection to
,

T F'
~ ~

prevent tampering or removal byunauthorized personnel.
; 40.

instrument at the site during radiographicThe main reason for having a radiation surveyT F'

work,is to measure levels of radiation in
- -

: case of a mishap.
4

!3 41.
The Co-60 source should be tested for' leakage1

at intervals not exceeding six months. T FI
~ ~

42.
A written record available for inspectioni
by the AEC is needed indicating the plant

,

T F'

sites and dates of u
- -

radiography source. se for.the Co-60
43.

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

~ ~

1

44.
; Portable X-ray units should not be

operated if any unauthorized individual T F '
-

'.
in the immediate area would be exposed to

~ ~'

levels of radiation greater than 5 mr/hr.
i 45. )A film badge is not needed to be worn by

-

i

| an individual operating radiographic equip- T F *

ment unless he is likely to be exposed to
~ ~

!

levels of radiation greater than 5 mr/hr.
i

t
: .

\'' I'
*

.

!' , .

.

&
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46.
Reading an individual's cocket desimater 0'

7:3
once each week is sufficient to account

~
T Fi *

for the recommended weekly dose limit of
~ "'

; '

100 mr.
\

t, 47.
i An individual's film badge should be

,

immediately processed if the pocket T Fi

dosimeter worn in conjunction with the
~~ ~'

film badge reveals a radiation exposure ;

greater than the range of the dosimeter.
-

|
t

48.
In the event of an accident involving
an excessive exposure to radiation, a T F,

;

member of Industrial Hygiene should be
~

7!

notified second only to.the Dow Medical
'

Department.
-

49.
The AEC must be notified within 24 hoursof any radiation exposure to an individual T F
in excess of the 1.25 rem / calendar quarter

~ ~

for the whole body.-

<

50.
The levels of radiation for radiographic
work using the Co-60 source are such that T F
a sign-or signs bearing the words,

- ~
j ' Caution:

to be posted in the area at all times.High Radiation Area," are needed
;
'

! 51.
The levels of radiation for radiographic; ;

work using the portable X-ray units are
iT F

such that a sign bearing the words,
,

~ ~

;

" Caution:
be posted in the area at all times. Radiation Area," are needed tot

; 52.
! A pocket chamber or dosimeter is a more

.

reliable way of determining an individual's T F!

accumulated exposure to radiation than the
~ ~

; film badge.
;- 53.

The use of a radiation survey instrument;

j is not needed for determining levels of T F'

radiation during radiographic operations
~ ~

badges and pocket dosimeters.as long as all persons involved wear film
,

;

t .54.
4 - A physical radiation survey and a written 1

a

record thereof is required by the AEC to!
:T F ,

determine that the Co-60 source is returned
~ ~~

!

to its shielded condition prior to securing
>

!

I' .
-
,

4 .

we

i

|
*

.
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55.
The radiation survey instrument must becalibrated at least quarterly. T F

- ~

the best answer.The following questions / statements are multiple choi
ce; circle

1.

of exposure with the film located at a distance of 36"An excellent radiograph is obtained under given conditions
from the target of the X-ray tube.
placed only 18" from the target and all exposure conditionsIf the tube is now
except time, are held constant, the new exposure time willbe: ,

'

(a) unchanged.
-(b) longer by approximately 84.(c) shorter by approximately 55%.
(d) only about 25% as long as the original exposure time.2.
Lead is frequently employed in shielding against r di ti
from X-ray and gamma ray sources because of its: a a on

(a) extremely low cost.
(b)

ability to emit electrons when irradiated.high absorption for given thickness and weight(c)
((d) ability to defract . alpha particles.

.

(3.
The penetrability of an X-ray-beam is governed by

'

:
(a)' Kilovoltage or wavelength. )(b) time.
(c) milliamperage. |

(d) source to film distance.
,

4.
Co-60 used in nondestructive testing emits:
(a) alpha particles.
(b) neutrons.
(c) gamma ra
(d) X-rays. ys.

5
The time required for one-half the atoms in a partic l
sample of radioactive material to disintegrate is called: Iu ar
(a) the inverse' square law.

'

(b) a curie. *

(c) a half-life.
(d) the exposure time.

.

9

0
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6.
What does the term r/hr refer to when speaking of intensity?

L

(a) Radiation limits for humans.(b) Roentgens per hour.
(c) X-rays per hour.
(d) Radiation and hydrogen.

,

,

7.
Upon completing an X-ray exposure and turning the equipment

,

Ioff:

(a)
,

personnel should wait for a few minutes before enteringi the exposure area..

;

(b) personnel should wear a lead-lined apron before entering1 the exposure area.
! (c) '

personnel may enter the exposure area without fear of4

radiation exposure.
. (d) personnel should take a reading with a Geiger counter; before entering the radiation area.
; 8.

The most .tidely used unit of measurement for measuring the
;

4

rate at which the output of a gamma ray source decreases is4

the:

> (a) curie.
(b) roentgen.

; (c) half-life.
*

.

( (d) MEV.
' 9.

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

(a) will have a cumulative effect which must be considered3

when monitoring for maximum permissible dose.!
(b)

i will be beneficial since they buildup an immunity to
j radiation poisoning.

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

f 10. A dose of would be dangerous, if not fatal,j
if applied to the entire body in a short period of time..

! (a) 1.5-15 R.
! (b) 25-70 R.
i (c) 200-800 R.

'

{ (d) all of the above doses would most likely be fatal., '

| :'

*
:

I* *

:.

}
'

i

**
,
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16. 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 thedirect 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.

17. Materials which are exposed to gamma radiation below afew 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.
(c) will not be dangerous to handle after exposure to

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

18. A primary disadvantage of the fountain pen type of
ionization chamber used to measure the amount of radiationreceived 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.
(c) the inability of such a device to provide a permanentrecord of exposure.
(d) the cost of recharging such devices.

19. Very short wavelength electromagnetic radiation produced
when electrons traveling at high speeds collide with matter
is called:

(a) X-radiation.
(b) beta radiation.
(c) gamma radiation. *

.

(d) none of the above.
20. The exposure of personnel to X- and gamma radiation canbe determined by means of: ,

(a) film badges. :

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

* S

.

4

4

8
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21. An advantage of the fountain pen type of ionization chamber
used to monitor radiation received by personnel is:

(a) it provides a permanent record of accumulated dosage.
: (b) it provides an immediate indication of dosage.
' (c) it is the most sensitive detector available.
; (d) all of the above are advantages.
,

22. 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.
i (b) 100 mr/hr.

(c) 200 mr/hr.
(d) 300 mr/hr.

; 23. An unshielded isotope source gives a dosage rate of
j 900 mr/hr at 10 feet; what would the unshielded dosage |; rate be at 30 feet?
l
j (a) 100 mr/hr.
} (b) 300 mr/hr.

(c) 600 mr/hr. ,
.

(d) 2700 mr/hr.
:

] 24. The best method of controlling radiation dose while doing
i radiographic work is:
l'

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

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

t'

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

(d) by telephone.,

! -

!

|
.

.

!
.

: r

! LGSilverstein 4/22/74
)
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WRITTEN EXAMINATION FOR QUALIFYING RADIOGRAPHERS
TO USE BYPRODUCT MATERIAL

INSTRUCTIONS: One hundred questions are provided unich are
subdiviced into five groups of twenty questions each. The
groups represent specific areas of instruction required by AECTitle 10, Part 34. The numbers that are underlined indicatethe questions that are mandatory on each examination. The
examiner will underline the numbers 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. Theexaminer will review and discuss each question that is answered
incorrectly with the student.

A. Fundamentals of Radiation Safety and Characteristics
of Gamna Radiation

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

2. Is 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 ionizingeffect 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 radioactive
material and which is used as a measurement ofstrength of an isotope?

,

!

-
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7. Define the half-life of an isotope.
8. What is a radioisotope?
9. What is the inverse square law relating distance~

from a radiation source to the intensity ofradiation?
'

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

11,.
What is the EVL thickness of lead for co-607

12. Does the EVL thickness of an absorber vary as theintensity of radiation varies? Explain.

13. What parts of the body are regarded as least~~~

sensitive to radiation exposure? As mostsensitive?
14. What is meant by " half-value layer" (HVL) of anabsorber for a particular kind of radiation?
15. If the radiation intensity from a source is~~

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

; (a) 4 feet:
(b) 10 feet *

'

(c) 20 feat
(d) 1 foot:

16.
Calculate the dose received from a 10 curie Co-60source in ten minutes at a point two feet from the
source after the radiation has passed throughone EVL of lead.

17. Will radiation produce greater biological 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 ata single exposure? ,

t

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

20.-

What three principles must be applied for controlling.

exposure to radiation? .

I-

e

*.
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B.
Radiation Detection Instrumentation
21.

What does a survey meter measure?
22.

What does a pocket dosimeter measure?
23

What does a film badge measure?
24.

in the way they measure radiation?How do survey meters and pocket dosimeters diff-

er
25

radiographer carry on a field trip?What radiation health physics instrument m
~~

ust a
26. .

radiographer's assistant wear?What personnel monitoring devices must a
21

What minimum and maximum ranges are requir d f
.

a radiation survey meter? e or
28.,

In case of an emergency,
to establish does rate. a dosimeter can be used

Describe how this can bedone.

29.
Pocket dosimeters are designed to measur s.*

o:
(a)

gamma rays and X-rays only.
(b) gamma rays, X-rays and beta particle
(c) gamma rays, alpha and beta particles

s. -

(d) alpha and beta particles only
.

.

30,.
Can film badges be transferred from one usanother? Why? er to

31.
How often must survey meters be calibrated?

32.
How would you test the accuracies of your d
and survey meter using a 5 curie source of co-607osimeter

33

When performing radiography, when must radi ti
~~

surveys be made and what survey results must bea onrecorded?

.

e e

\ *

O

.
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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 sut on X100,
meter reads 25: mr/hr

(c') 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 built
into film badge holders?

36. Suppose your uurvey meter was found to be broken~~~

or badly out of adjustment on a field trip. Whatwould 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 survey 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?

C. Radiocraphic Eculpment & Its Use

41. If a radiographic exposure device measures 5 inches
from the sealed source storage position to the
exterior surface of the device, what is the maximum
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?

.

O
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43.
Why are exposure devices which are made of depleted
uranium smaller than those made of lead?

44. What is a collimator?
45. What is the maximum strength of the source of

co-60 you are allowed to use in the Tech / opsModel 5257

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

47,. Outline the operating procedure that you would
follow in making a radiographic exposure.

*

'How often must a sealed source be leak tested?
48.*
~

What is the maximum allowable removable activity?
49.

How would you collect a leak test sample from aradiographic sealed source?
50.

Describe the procedura you would follow if your"""

source should.become uncoupled from the device
cable while in the exposed position.

i51.
If a leak test of a gamma ray source shows exces--~

sive leakage, what must be done?
52. I's the indicator light enough to assure that the.

source has been' retracted into the container?
53.

For a 30 minute exposure in an unrestricted area,"""

your " Caution - Radiation Area" sign could be
placed where your survey meter read

mr/hr.
54.

What is the isotope and amount used in a Tech-OpsModel 525 camera?
55. Can the position of a source i.e. , fully exposed

or fully retracted, be accura,tely determined by
counting the number of hand crank revolutions?Why?

56.
Why.are Co-60 cameras so much heavier than Ir-192

.

cameras when both are rated for the same curie :
capacity?

57

in an emergency when you have only a kit ofHow could you make a set of remote handling tongs
~~

'*

conventional hand tools available? .-.

*
o

On
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58
What portion of a crank operated, remote cont
exposure device should be inspected most frequentlyrol

to avoid creating a hazardous situation? '

(a)
The locking mechanism on the camera. :

(b) The control cable crank assembly
(c) The hookup between the pigtail and the c

.

cable. ontrol

(d) The closure plug used to secure the sour
i

in safe position. !ce
i(a) All are important. |

59

control cable and source through the guide tubeWhat can happen if you try to force the flexibli
e

with the hand crank?
60.

Why should control cables and guide tubes be
protected from grit and cleaned frequently?D.

The Requirements of AEC Regulations .

61.
No person.can act as a radiographer until he h
received copies of and instruction in the regulationas
covered in AEC Title 10,

Part ____ and Part s
62.

set forth in PartThe standards for protection against radiati
.

"~

on areof AEC Title 10.63.
Regulations covering licenses for radiograph
radiation safety requirements for radiographicy and
operations and set forth in Part ,

____ of AEC Title 10 -

64

by the licensee is called a.Any radiographic area to which access is cont
:

rolled
-

65
Define a radiation area.

t

66.
.

Define a high radiation area. g

67
Unless special records are maintained"-"

is not permitted to receive a radiation dose twhole bod , a radiographer
quarter. y in excess of o the ;

rem per calendar -

68.
If special forms. are maintained, a radiograph N

receive a radiation dose to the whole body of
- er may

rem per calendar quarter.
_

.

-

m
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69.
Regulations covering surveys are found in Para-graph _
Title 10. of Part 20 of the AEC Regulations,

70.
Is a dose of one-roentgen due to X- or gamma
radiation considered to be the same as a dose ofone rem? Why?

-

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

72.
What is the minimhm age limit for a radiographeror radiography assistant?

73.
No individual under 18 years old may receive a~~

radiation dose in excess ofcalendar quarter. 4 of 1.25 rem per
74,.

Name two types of personnel monitoring equipmentrequired by AEC regulations.
75.

Fill in the maximum allowable exposures of"-"

individuals to radiation in restricted areasper calendar quarter: (rem

(a) Whole body; head and trunk
active blood forming organs;;
lens of eyes; or ganada.

(b) Hands and forearmar feet and
-

ankles.

(c) Skin of whole body.
76.

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.

77
Can you use a " Caution - Radioactive Material" sign

~~~

to post a high radiation area? Explain.
78.

What are the locking requirements for radiographicexposure devices? For storage containers? '

'

79. Define a radiographer.
!

t80.
Are you required to post the storage compartment1 .

of the transporting vehicle? ||-
,

,- t

n !
.
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E. Operating & Emergency Procedures

81. Where must a radiographer record his pocket
dosimeter readings?

82. What records must the radiographer retain a copy
of at the job site? '

r83. When must pocket dosimeters be recharged?
84. What would you do if your exposure device was lost

or stolen?

85,. When must a radiographer complete a survey log form?
86. What is the requirement for surveillance of a

radiographic exposure device when it is in use?
87. What company document must each radiographyassistant have?
88. List three documents that the company must make

available to each radiographer.
t

89. How must you restrict each temporary radiographic
area to control access (other than remote, temporaryareas)?

90.
' temporary radiographic areas?How do you restrict and control access to remote,

,

~~~

!

91. You barricade a temporary radiographic area and the-~'

dose rate measured at the barricade is 2.5 mr per r

hour. How many signs must you use to post the area,
where must they be placed and what words are on the i
sign? '

92. What is the radiation intensity emitted from one
curie of co-60 at a distance of one foot? .

i
93.

What rcdiation dose rate is allowed at the outside~~~

of a truck used to transport a radioactive source? ;At the driver's location? -

I-*
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94
When working at a customer's plant
you take to advise customer personn,el that you arewhat steps mustworking?

95.
Can a radiographer's assistant keep the job site
. surveillance, or is a radiographer required to dounderthis?

96
Suppose someone ignores your signs and barriers a dinsists on entering the radiation area. n !

measures would you take? What
.

97

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

98.
What would you do if you have a wreck with a truck

-

carrying an exposure device loaded with a source?
99.

You get a rain out day on a field day.
of the survey log report must you still fill out?What portion

100. On a survey log report,7

are the exposure device
serial number and source serial number the same?Explain.

,

,
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ANSWERS 07Qg
A. Fundamentals of Radiation Safety and Characteristics ofGamma Raciation,

1. Gamma radiation.,

i
.

i

! 2. A constant.
!

!
.

I
3.* Dose rate is the amount of radiation present.

Dose is accumulated radiation.!

,

4. Roentgen.

5. rem.
i

! 6. Curie.
1

1 7.
; A half-life is the time required for one-half of

the radioactive atoms in a particular isotope to
disintegrate.

; 8.
4 An atom of an element with the same number ofprotons but a different number of neutrons in'

the nucleus than the stable form which emits! radiation.
i

9. The intensity of the radiation varies inverselyas the square of the distance.
10. One-eighth.

.

; 11. 0.49.
;

e

j 12. No, because the wavelength is the same.
,t

13. Least: bone marrow and nerve.
4

'

Most:
! bone marrow which contains the blood forming
,

cells, the lining of the digestive tract and; the gonads.
4

! 14. Material required to reduce the radiation intensity
.

i
to one-half.i

15. 4 feet: 2.5 r/hrj 10 feet: 400 mr/hr -

l' 20 feet: 100 mr/hr r
i 1 foot: 40 r/hri

.

t
'
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16. 3 r.

17. Minors, because they have faster grouing cells.
18. Fatal.

19. No. You may injure the hand but the vital organswill not be damaged.
20. Time, distance, shielding.

B. Radiation Detection Instrumentation
21. Measures the quantity or rate of ionization in air.
22. Accumulated dose.

23. Personal dosage.

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

25. Survey meter.

26. Dosimeter and film badge.
.

27, 2 mr/hr, minimum; 1 r/hr, maximum.
28 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.

29. Gamma rays and X-rays only.
30. No a film badge is used to determine the amount of

radiation one person receives and if someone else
used it, you couldn't determine that amount.

31. Every 90 days.

32. 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.

33. 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.

34. 0.6 mr/hr. 2500 mr/hr. 65 mr/hr. 80 mr/hr.-

e

O

9
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35. To detect energy range of radiation.
36. Shut down operations until survey instrument

was replaced.
,

.

37. No. Survey meters have to be calibrated everyninety days.

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

40. To cover a wide dosage range.
C. Radiographic Equipment and Its Use

41. 200 mr/hr.
42. 50 mr/hr.
43. Depleted uranium has a greater density than lead.

Therefore, it requires a smaller amount to meet
safety requirements.

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

45. 5 curies.
46. Health physicist. Welding Engineering Supervisorand health physicist.
47. (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 duringexposure.
(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.

48. Not to exceed six months.
0.0005 microcuries.

.

O

O

O
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49. Call health physicist.

50. (a) Shield the source as soon as possible.
(b) Rope off the area so no one can get in the

2 mr/hr area.
(c) Send radiography assistant to call Welding

Engineering Supervisor and Industrial Hygiene.
If you have no way to secure the source, wait
until you eet further instructions. Make sure
no,one gets into the area.

51. 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.

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

53. 4 mr/hr.
54. Co-60, 5 curies.

55. No. The cable may slip.
56. It takes more lead to stop the wavelengths of Co-60

than for Ir-192.
57. 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.

58. (e)

59. You may not be able to retract the source.
60. To keep from getting hung up and not being able

to retract the source.

The Requirements of AEC RegulatioqsD.

61. 20 and 34.
-

62. 20. .

63. 34.

-

# #

$

9
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; 64. Radiation area.i , '

65.
i Any aree accessible to personnel at such levele
! that a' major portion of the body could receive

in any one hour a'iose in excess of 5 mr/r or in{ N. any five consecut'ive days a dose in excess of| \ 100 mr..

y-(; '

! - 66.
. < -

-

An area where the whole body or a portion of the
body would receive 9100 mr in any one hour.

<

,

'

j 67. 1.250. rem.
,

c68. 3 rem.
!
' 69. 20.201. .. ,

4

i 70 Tas.-

REM is a measure of the dose of any ionizing|
radiation to body tissue in terms of its biological!

effect relative to a dose of one roentgen of a! , , .200 KVP X-ray.
j 71. hou /should familiarize yourself witit the provisions

i

of the radiation regulations and the operating
,

i

procedures which pertain to the work in which yop4

are engaged. .You should observe their provis bnsi for your own.protection and the protection of 'your; '
co-workers'. -'

i s

1
,

w 72. 18. i.
;

. y t.. N'
.

'
-

'

'ti 73. 10%.
. s

'
v.; 3,

.

2~
t

i 7 4 ., Dosimeter and film; badge.
.

,s
.N i

^

').
i 75. (a) 1.25 r. * '
i '' (b) 18.75 r. c'
' '

(c) 7.50 r. '' *
,4

- k U *+ '

-
,

76. _

3Purple (magenta) with yellow background.
,

,

' ~ t
j >.t 77. No.

Personnel can' enter alifarea with radioactivei material. '

Personnel cannot enter high radiation'

5

area. V
.i

,
,

1 e '

| 1 78.
Exposure device must beLlocksd when'not in use, and'!-
when stored it must bo locked also, and must bei

*

locked with chain to a solid object when not observed.
1

:
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;
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79. Radiographer: A person who examines the structure
of material by nondistructive methods utilizing
sealed sources of byproduct materials.

80. Yes.,

E. Operating & Emergency Procedures
.

81. Log book.

] 82. Log book, operating and emergency 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.
I

8 6 .' Constant surveillance.
,

4

i

: 87. Operating and emergency procedures.
;

88. AEC license, state regulations, AEC regulations.
,

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

J

90. Constant surveillance of area.;

91. 4 signs 90 degrees apart with the words " Caution -
L

'

Radiation Area."
92. 14.400 mr/hr.

i <

j 93. 2 mr/hr. 1 mr/hr. ,

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

i

; 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
j before continuing operations.
;

'*
4

4 s O

I-
i -

;

I
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98. Survey the area with meter; if meter is broken,
stay at scene. Ro send for meter.Do not leave area;pe area off,keep constant surveillance.

99. Transportation and number of source and cameras
and job location.

100. No. The exposure device number is the number of
the camera and the source number is the serialnumber.of the source capsule.

.

*

4.*
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:13. Ex.cesi,id expdsure of Film to light prior to development of. the film -
' . .. . . . .

. . ~
~

. will most likel result in: /.. '. :
.k . . 7-. . . .

. ' :,f.-. . ..
. . . ... .... v: w. . .

' .
. ..

Q'. . . .a. a foggy Film ' .'. -|: ' , - .
..

.
. . . . . .. . .. ..

'

. |. - ' ; * A f: .* - )
- *

b. poor definition
.. .'

, .. .

c. streaks '
. ' . * .. . . ~ ,

*
<. * - *.* -.

' . .
- . . . . . . . . ,.
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.\ s v..,. . *- "' * '.
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. - m .. .- .d. yellow stain
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* '' '' d4. Ibi te crescent'-shaped marks on an exposed' .z-ray f ilm 'are. trost l ike1 y .:|. |.
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'.'*:. caused by: *
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,.. . . ,. . . *
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a, critrping film before exposure. .

. i,| * q.. ;,'..y...d.-. Y. s
.. . . y -c. . . .

. . . ... . . . , . . .. .. . b. crurpang F11m af ter exposure. -n......- . . .
... .

. . . m ... . . . ; * . .

-' ,
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i . c. > .,r,.
.- -

sudden extreme temperature change while processing., c.
.

. *>,

. .. A, h . -;..v. '.r:t.W;2. . .: G.
- d. whrm or exhausted fixer. .

. .m .. . ... . - . . . . . .. . .. ., - ...g, . . . .. w. .. : . :.s .. .. . .
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15. Frilling or loosening of the emulsion from the base 'of the film is .,. :, . " .
.' .. . ... .;o -.

( '. . ' most 1ikely cau:ed by: .
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a. . water or developer on unprocessed film. -.
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. b. warm or exhausted fixer. solution. - C1 . i?. M/ ' l
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*..:.J'. :. .
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m
c. developer solution contamination. .. . . 'f ,. : i : " o .',
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.* .d. Iow tenerature of processing solutions,-- . . . * ,
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16 As .a check on the adequacy of the' radiographic technique, it is
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-?-'. customary to place a standard test piece on ,the source' side.of the specimen. ;'. -
~-
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.. . This. standard test piece is called a:. . *...:..,'.. . , . n, . '; . ,. . ? :i . ..; ;'... :.
n. : . .?

. ,r.

. . : :: : - r. 8 .s .1::... . .; . , . :..: . . . .. .;. n;; g .:.,.v. ..n..
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.... . , . . .;- . . . . _ . - .a.. reference _ plate
. . . . . .~ .' ~, .... a..n. .,.y :. . n:c.:... .. -
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* r .
:: .. ... .
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b.- penetrameter r.y . . .: . , . ;[:.c. -n. . .
..- ..;.. . . .. .s .. . ..
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.. c. 1ead screen -.. *. ..
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..s - w
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O. . . - .... s. >, . .d. i1 lums.nator . . . .
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.

. . . . . . . .,. . . ,.
, . - >...x,. . . . . .. ,

. . , . - . r y. .? .
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, 17. A. penetrameter is 'used to measure:

,. '-J :4,3. :... . .. , . r;. 2 .p.3. y.;
- - - - .. ...

:. .y ,. . ... . . - . ,.. . . . . . . . . . . . ...~

a.' ,the size of discontinuities in a part.' #:.0 J.r. N . !.P. .. .
. ~_ . .: - -..

.. . . - . b. the density of tihe film, . .

' . . . > .. ' . . . .

- - .

: ''..'.....'

the qua'lity of the radiographic technique. N# . ,G. u
*

., c. '
, , ,

*. d. the amount of film contrast. '
-

. - ,,.

. . C:" ,

.

. . . .

.e-
.~
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~.'. 18. l.ead foil screens are used in radiogra,nhy: *

.C:..

. . .
. ,. ,.. . , ,

- .

.
. . ..,.

.

, . . to improve the quality of the radiograph by preferentially . ,-a.~-

# '

reducing the ef fect of scatter radiation. '

. . - .
.

' . . . .. ' .
~ ,' :* b. to reduce the exposure time. '.' .- '
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*

neither a or.b are reasons for using lead foil screens.
.

.c. '
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- .d. .both a and b''are reasons for using lead foil screens. ~ .', -
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19. When the minute silver g~ rains on which the x-ray film image is forme'd
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f- . / group together in relatively large masses, they produce a visual impression .called:**
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., . ; a. inproper film handt ing tech.-* ques. ... ,
-

. . . . . . ;, - '

.
b. foreign material or dir t imbeccec in screens. .;. - .

* ,
;

5- .c. . film being bent wnen inserted in a cassette or holder. . ;e W . *'f .^ < -0 ..
~ ' N .: , f:.

.

JT" i d. scratches on lead foil screens.'

'.-
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. . . s. . . : , . -., . . . . - . . .

. .u. . , . ., ,
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. .' . 21. The purpose of agitating an X-ray film dur ing development is to: :..v'Q.+"n
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. -Jc. e: '[.,. | :: .c. ,.
.. . . - -.-

. .-..* .-.
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.

a. protect' the film f rom excessive pressure. .

-

fJ.;.. 'i;[il ', ~
.

. . . .

:| ' .' : . -Q : . *;'.b. . renew . the developer at the surface of the film
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*,.,.=,
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. . .d. prevent. re t1 cul a t t on. . . -
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- ._.,- .

<. . .s.. :, e.
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.-
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.: O. . . . ' . . . . .22. When manually pr,5' cessing films, the purpose for sharply tappingi,.f.,'"".
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' ~;' ,y

*
. hangers two or thre.e . times af ter the films have been lowered into the. <i:.. .--
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c.. . . . / . devel oper i s to ..- -
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. [.J . b. " prevent frilling. - .' . .. . 1 : ' ; 7 ..' 7. -
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dislodge any air bubbles clinging to the emu'Ision. ;'J . d.t. .' 0. .-:. . e.:.,'.4..: , " .. . c.
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. .~. . . . .

-f...
..~-

.
.

.~.
... .

. . .
. .

..
. .. .... .
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.-i23 The purpose of fixation is: J J.
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, <. .. . .., ..,.. . .-.. ..
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.- : ,' ; a. to rer:cve all the undeveloped silver sal ts of the emulsion. -. ,.

," ,

;' '

.

b. to 1 cove the developed silver as a permanent image. . ... ", ; ..r

. J,,,

.

'. c. .. ,

to harjen the gelatin.
- -.,;...., . *''. - - c. .... .- . .. .

< . . . . f. +. -d. a11 of the above. .: . *: .:** *:' ;.k :, .
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' , . - ',. 24. For best resul ts when manually processing film, sol'utions should be . ||". . .z . . .

'

;'-;f. f.( . ,7 ..,. ..;.y. . f, .
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'.,N. maintained within a temperature range of: - -
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. . v . . .* . i.: .%. : .:.z '.a .f , : .-g-
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,2 ~ / : . /T .:-[ I'?? , O .'

(f, U , . b. 65 C and 75 C
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-
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,

sol u,tior . ; . . . . :;. .; ,e .,
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' . . ' . "-J . r. ,J. ,:'s ,, '
f-
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'd. by cascading water during the rinse cycle. ' .' . h^ J < '- ?.* *
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.i .i.'~.'$.?|-4:(

.. c.
- scatter radiation . . . ..; , .'-.:; .' .' : d. back scatter radf ation :.. '>a :p . .

,r. . ." ~ .4. 'r:, .N. * . . ' : " ':
*

".. 'I.::* . *
..

-' '*"..'h..'~-
. ..*~-

.
_

. .. .\ ? ; : i.rY;.
. '

.

. :.'. . .v , ~ . .
.-

* '
..

.
. .. .

.

*:' ~.

*29. The density difference between two selecteo portions of a
.

: . .
, . .: . ; . -

' . .

.' . .. .

known as: radiog'r:p h i s ". if
.

-

. . c. .. . ;&.' : '.> .:- .- .. .. . . . ' 4... e . :: : d - . ;:' - ' ' .
. .,

:'. ~c.
. .

~.?..
.

,. : a, unsharpness . . s.. c. .
. . .

. ?- .

. ; . s m 4. ; , & : . . ' . . . . . . . ,. . s.
. .. . ...

,.* .. . . ..
~.4..:' .. ;. .. . . .; ... >' . ;.

. . . . _ ' ; . m. , :~ - : ;;";~. .a>. .
-;.

* ' ..- - b. radiographic contrast .

. ... , . . >
.

t '. ;,7. .3 . . .f ,';'! x.., ,: s.
...... .- - ' '

.|; .| .' ;.:f.. . . . ,.

- .'
..

k- ** specific activity.- c.

,fp,cc; :y,;. . . cG ; .';f;
. . .

- , , .

; . d. subject density'
. *

; 2-
:D. C.3, .:. . . J. 0 .J!..,' U.

. -
..

t...... . . >.. .h , : .,a'.'l. '.? '',

. %, . '. 30. When producing radiographs,
., ..

: . :n.s
..

. .

the m! kvo ' tage is i.ncr.easeds': l,:'.f .y'f-j..,. >
if ... .. . , . . .... .. .

.

l>

O.
-

- *

. . . . .
.

.. . >L , . . . . . . .. .a. the subj.ect contrast dec reases.
.

|1 :.. ,..:. s. . . . . . . . :.. . . . . , .
. .. ... . . .b. the film contrast de:reases.

. - ..~,.~.e %....:
: - .,

; i.C .f
<-

. .
.

~ . .. .
~ -f e *:<.y.. a.c. the subj.ect contract increase >.

- -

- . .
.

. - :.
- ..

. the film contrast increase 4
. ~ . -c. ..e... ... - s>a.. ..

......~....:-. .... . . .- .: s . .-.' -
31. The accidental trover 5ent of the specimer.

. . . ..

.
. ...: . . . . . ~

. . . _ . . .

the. use of a focus-film distance that is too smalfilm during' the expos'ure or ";.
- or.

.-.

1 wi)1:.

' .. . . :. . :~ - 1*:~ . .. . . t . . .f .
... .''

. . .

r ~.2 ;<. . .m.e. , produce a radiograph with poor .
c. .

...
.

. .; ;.
.

. . . . , .
.contrast. ". c . . . . . ' . . ' *1b. . .

.

2 make i t impossible wi tn poor
*c,

. -
.contrast. - , .-

.

c. result in unsharpness of the radiograph.. " . . ;,. ./ .- a . ...'.
.

.
-. .. .

d. . c. -

resul t in a fogged radiog apn. . .,;.". 2 7;(, . '?",
.-

. . .
.<. - '. .- J.'.

'*. - *. . . '*

32..The sharpness of the out! sae in the image of th-
.

. .

- . .

.
. .s .

-

... .

e radiograph is a meas.
-

. . . ....

oF: .
.

. ...

.

.- . . .

,
.

ure -

.

..,

. .. ..
.. . . . . ,

~ . ;: . . - , : . . . ....<..o., ;,. . s.

?. W. - .
' . .. . . .

. . ..- :
. , . .

.
.... . ..

.. . . . ~. . , , . .;, . u. . . : . . s . , ..a. : ,....

. ' . , a. subj.ect contrast ' '
. ... ... ,

...... . . ... :';:
* ..

... . .. . .. . ..: .;;; ..%.,. . "" :. . .
..

h radiographic detini t io*ra
.

. . ,-T. <. '. '::. ,':. '. . . ;; :": ' .V. i
:) '

* .:- - *|:r,.4-M .V c. ..;IT. . %* ':.'} . .' -
-

'.
.

radiographic contrast ,
.

, . . .
.- *

_.;,.;c. %
. r. . ' :.'-::. . .::. ;.' ..- - '.

- -

d,
- - *

fi1m contrast.
..

.'....'.*...?
. .

r. : - '.

.'
* . .

: ' '
s. ; .,. . .

-* . .
.*.- ... .. .,- .

? . . * i. ~... :. 4 .* - ... . .. .... .. .., -. .. .

.-
.. , . ~ . .

. . . ...g.,.

.
.*

' . . . .. . p .: ., . . .:. .
' . . , . :... . .: .. ..

.
. .~ . . . . .

.. v. . > . . :- ...o'
. .. .. . ..

.
.

... . . . . , . , .. . , .. . , *
.. . . .

.. .... ,. .; ,. . . .. . :....r.. . .. . .. - . . . . .,

, . . . .
... ... . .. . .
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.., . . . . . . . .. . . .. ,. , .
. . .

..

:. ... ... .. .,.. . 2. . c.
. . .. . .... ..

. . . . . . . . ..g. .., . . . . . ... ..
. . . .

. ;.. . . ., .. :. .. .. .. a.. . . .

. . . . . . .
.

.
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_ . - . ....... . .
; .. .. . .- .

, . - ,.,
, . .. .

. - . . . ..-g... .. e -
- - .
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:,..a * ' 'f, .: ' .; ;* : : \
'v. . .

. . .. .. .. v
.

- ...... . .. . - -
.~, .. . ..

. .. . . '. . .. . - . .

. :.5. .

Q s. :-
. . .. . , . . . '. -.

.. \
-

. .. , . ,. . . . . .- -
. -,.,

-
. .

.s, .,;, . .
. - -

!,, . . , , . m .1. What does the term (R/h) refer
,

. to when speaking of intensity? ,.-..s,'
,

. .. 1. ..
-

.
1..

,

... ,,

Q 0.. Roentgens per hour ' . i .' .. ..
:. . .. . -. 1 .

. .'.
- % ' ' * * : . ' '; - '

'

.b. radiation limits for hum. ins :.: ...,.'.....!.f./.'4.'.- .

-

..
. - c. x-rays per hour -

.

.. .: . .,,. ...

.
d. radiation in hydrogen .

.: ,.. .. . . . , . . . . , s.....:
-.

. . . .

.

. . ' . ./;; ' . , .

.. .- .- --

.t - -
-, -

..
,..

.

. . .
. .: : . . . . . ... .

' '. . i c .. .. s s
: . . . . .- 2. A curie is the eguivalent of:

. .

.. . . , . . . . , . . . .
.. * .:..

.
.. . ., ' , , ;. :.;- . , : ' |,. , : ; t ..

..- '
. ,...." . . .. .. .y . . . > .. . h , .; . . ,.: .s.u-

. :'.7. q . .
:

. ..a. 001 millicuries . " - .
-

. . . . *

..''....,;.,'. b. 1,000 millicuries
' .* -i i r ..-

. .
. '. *.

,.,c. 1,000 megacuries. . .. . . . /. . .d .. , . . ' . . . .: .- - '. . : :, . .: '..
- . .

.

. . . . . . .. . .. . . . -
. , . . .

-
-

...; c .S.,g.c , ..
-

- ;. -

.. .- . d. 100 megacur.ies
- ,

.- , ,.
. . - ,

* . . .
. . c..* - -

. . . .. : p-- --
.

.-. .. n
|" " , , ' . . . .

@ The' exposure of personnel to X- and gainma, radiation can be.determin'ed ", yN,
.

. . . .
~ ... ' . ,.

.:'<. ' . by means of: *

* . . 1| |~ - ::: i.:. '
-~ . . ;- -

.. . . .':. . - .-. ''
- c. .; . ? r ,i . :. . .. . ... . . . . .. . . .

.

- .,. ..
. ' ' . . ,. . , . . .' ' . . .-. - :a. film badges

.

>. r..

. . .A: j. .!.Y. ,.. e. . . . " ' . :-. .

b. dosimeters - *

. ... .
..

~. .. .. *
..

. c. radiation meters - ..
. ..- ;,. , r; t. ,;

. .
. . .. -

' -

d.' al1 of the above
.. ..-

. - . :. . . . r. . , -: . *

. .' --
. .

.. ...v . ~ . , . .. . . . . ..

. ~
* . ..|.'. -

-

'*
.

. ... ,.

'.
.

.
...4.

An advantage of the fountain-pen type of ionization chamber used to .[,.E P; _
. .....r.. . ,;! .

-

..

.
. . - .

. .

monitor radiation received by personnel . .

.

is: . .. . ...

.. . .r f. * ., . . . .
-..? .'

' . T ," ' .. .*

* s. / * 1.
,

it provides a permanent recodd of accumulated dosage.- ;k-),I ,'. '
.a. .

,u---'~ ..- b '. it provides an irrrnediate indicagion of dosage.' ' *,. . . . . Q, f .
It is the rnost sensiti.e detector available.c..

. .
'

... : ; '.-d..

all of the above are advantages. , .
-

... ' .
-

.. .% '-,

.. . .

5. In making an isotope exposure in an unshielded area, you find the
. . . .

.- - . .. .. . ..

' " ,'..
dose rate 6 feet from the source is 1200 Mr/h .

~:

. . . rate at 24 feetl What would be the. dose . ;.
.

.

.. . . *;
. . . . :. , . . .; h. :. .

" :'.. ,
.,. .. . . .. .

. 4 .t.,. .. , ..- .a. 75 Hr/hr. .

:
.. ,e. . :. , . . ..

., .. ::, ..,..
. . .

m; .. ,.. . . _ ' :.;b. 100Hr/hr *,
.

.~. .

* . '; .: ||. . .....c. 200Mr/hr - . . .
. .- :. * .- .

. . . . . . .*' ;..- " : . .' . e
. .

"
. d. 300Hr/hr - -

;
. .

-
*, .

\ a..~ .c* J:...,c ,;. ..
.

t .. , . . . ,
, . . ,

''! .'
-

.

6. ' Overexposure to x-ray or gama rays may cause damage to human:
. * . ..

. f. . . . . .'a-
. ;...

. .
. - :. . n ,, .

.:, . . .-c.r , . .J.,.."..
- . .

. blood tissue
.. . . . , ,

a. .., ,.
. .:. , : ,"..

. . . . ' " .N: . .
?.;; . |' . . .:\;. - * * ' .'. 1 . * . C.H;.

. ,
>. : . *

..
. . ..

. '

b. s' kin i c..:.-
.

. ..

, . . " : 9. . , . .G :,#. #. .:. n.
.

bi Y, . . -
.

- :c. Internal organs .
. .

.....,i.... ..,. .

c: . ; . . , . .
. .;- . ..- ,y

. d. ' A11 of the above
*

.a . a::.r .r. .? . .
..

-
' .. .- -

., . '. J'.[: .

' ' .',: .: -~ ". :- ': .
.

.::::!||i', .
.. . . r.

.. :. - -
; 7. Dosimeter should be re-charged: .

. ' . '
.. . . . . .- .

. .. .- .. . . .
- ... . . . . . .

: . . ',.!
~

-

- -
: .:

.

. .
..

.#.... .. .. .
.

.- .a. every 24 hours :: . . :. ,
.

. ! . ..
. .

.. ..
. . .

. , . . u .. .* ;. ,:
.

- b.. every week : ..:. :
, ,. .. . *. , . . O '. -*

' . . . .. . .
.

' , c. <every ay . e ".
.... : . : .s . ..s* e .

. - . ~ ,:- . .
.

-.. .

. |' d, every tron.th .. : . ' .'. . ' , |-
*

. . <, . ...
-

*.* - *
. . -, *

... . ,
.

.. . . . -..
..

. .. ,
, . . . . . .-. . . .. . . . . : ,- .-. ..

.
.

...
.. .

s ~:.. .. .., .. .. . .. . .
.

. .. . . ,. . ,
. . .. .. ,

.
.. - .- . . . .

. . . . .- . . -
. .

* .
- a-
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.
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. . ... . . ..... . .. .. .. .. .

.
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. .
,. ... . . .

... . ,

... i. e .. ...
.. .: :. . . ,. : .... . ..

"
.

. .
... .

.
,

,

8. Under Section 20 of the A.E.C. regulations paragraph #405, you are '

.
. . . .- . . - . ..,- .

.... ,. -allowed how man MR's for the following periods of time..- ..

., , ,
.

.O. . -)' . .
,

,,
. -

.- + . . .
. s. . . . .: -a. per Day. .-. .

.

, b. per ' eek .
..- .. : -.

*
.

..'

* :. .u .
*

:.. , . .

'. c. per Quarter -
.

...

.- .L ~ * ** . .
'

- .

~ . ~
-

d. ' ' '. - per Year. ' ;
. . '.' . : .. ;.. .

. . . .. . .. . . , ...' .
. .

,' 9. The Typical Surv'ey Meter used in, our type of Industry is- requir,ed to, .. - 3.Q .
. .

.. .

.
. . ave MR's readings from to -

.

. .,'i y. , ... .
. . . .

.. *. .

. . . c..:* .

.10. When using a Survey Meter with a typical scale of X1-X10-X100 like the :. ,..
.

-
' . '

Victoreen 5928 and you had a reading of
.,

many MR's would this be on the scale? ', * 4 on your indii::stor oi gauge how .cf '.t;-
,. .

-

. , . ..,. .' C;'-
.. .

... ....
...f ,.. 3 f ,. ., , , . ..'s:' '.; : . jp, ' .-. .

. -., ,:. . . . . . , .. .

: . . . ...

. ~ . . . . . . . , . . . . , , , .. . . . . . . . . . .
.

. .. . . . . . . , .. . i. . . .f...
.

. . .. a.. X1. . . ....v'.. .. . . . . .

. * * . ,. . .. :.' ': .., a: . . x..~: b. X10 h . '. ' ; % . ?.
:.s.

. .. . .

'. . . ' b. ' . . G. . ''5. *:. ... 4 '. .: ; .
.. ........

. . . .

.
.

X100
.

:. , ' - .:.'' ;

\:.m..- .

.- *,. G: 6*. . ' : :- - -

. . -
' . . ., ' . . . . .: :.. .

.. -..
.

.. , . .
... . . ..

.- .... .
s' .

. - . .. ,. - .
11 The A.E.C. -requires that the pocket desimeter have, a' ran.ge from. -

t;. -

- .:... -: - . ... ,

*

.
. MR's to at 1 east MR 's. . .' .

'. |. * 'V. ::9;
,. .b:,: . -. ..,. .''.,. y . '

... :, . .x.-
._. .

'.g.e,p... -

@ Radiationf; signs should be pasted at the ~ .MR . I I ne .'; ',' '.7 .]h 3 Q..;. '*
' -

.
-

.. .< ['. .
. ' ' , ' .....:.',,.

.. . . . ..

. . i. . ~| : r.
, >. . , . . . . >

-.c.,. - u. .-.' - .

3 at is a Beam Camera? . .
:. * -m. i.-.. . s... .... . ......
. -

... . .i ..:. - : ..
. .. < . - ,.. , w. ...

,
. , . . , . - ;. ,. v. .. .

, . .
. . . . : :. .

. . . . . .
.

). ~ ) h Wha t is a Panoramic Camera?
'

'

..
. . . . . , .

" .} .] .
'' ' ', .

,.: .
~ ,

.' '

. ..
.

.. . .. -
..

.
:..r.;:. . . . .

.. .. ..
.

. .. . ..

, 15. What represents the approximate quanity of radiation emi tted from a' one '.
.

.
..

- - gram source of Radium in one hour at a distance of one meter-7
.

'.

,.I./
.

. .:: .. ' . . .
.

.

.
...

. . . . ... .

. . :z.c.. .

.....; .. . .., n.. . . .. .. .. ..a. roentgen
.

.
, .

.

. u-. . .. -, * .y. .

... ......c
.

b. cur ,.e-
. - ... . .v..

*. . . ;.c . . . - ,;; '_ . _-:-;..
.

.

:. .- c. millicurie .
.

,.

. . .
. . ..s -....

d. rad .,
...- , , .-

* ~.a. . - . . ,.
.. .. .

-

Under the present A.E.C. regulations the expo ure device shall have no
rad. tion level in excess of: . . ' . -. . .. ia . .

.. . . . . . , . .

. .. ' .. c.,: .u..- . . . . .-
... ..

. . .. .. ..

...,.;.... ~ . .a.:. . ..
. . ..

a. mr.at exterior surf ace. .. . . _ . . . .,..

:. :.:.... ':..,.:;,., ? ...
. ... ... .

. -.

. ~. b. mr at six inches f rom exterior surface.
.. , . . . . . < .. . ...

:*.~..:!v.. ..<.....:
.

. . .c. . ..

. _ mr at one meter from exterior surf ace. .'
.,... .~.

. :: ..: .. -. ..

.. . . . . . . ..
. . .

, .....;...'..

1 What three precautions would you follow when storin9 a source?
.

. .

'

. . . . . ~ .
'

*
.

. . . . -
.

.
. .. . . . . . , . . . ... . . . ., ., .. .

1
.. ..... <.

- . .. .. ..... ... . .

. . . . . . .
. .

.. -
.. .

. .

- - .; *: . . . .2. .
,

. . . ....... .
.

.
. .- :. .. . .

,

-
. .

: . . . ~ .
,

9 .. . . .

-
.

*
. . .:t * *. . * * . - . .:* * * *

.*; :JO ., ,.* . *
* -

, .. . s: . ,

. n . . , . .e
.. 6 .

.
.. . . . -

*
g., * = . ...... . . . .. .. , .s . . . . . . . t . ... ,. .. . . ,.)- .. .. . .. - .. .. . .

.. ..y:. . . .. . . . . . . .. . .. ..:(.
. :

. :- .= . . , . . . ..

. .. .. ,. . . . .:: ..,. ... .. . . . .. .,
. . . *

. i. . .
.- . .. . * . . * *. ...: .. **. . , . -- .

..., . . . . :,

.... ;.. .. ... . . . . . . . . , . .

. . .
.

.
. - -

:

.;g
. . - .. . .*

. .
. .. a. . . ... . .=,%* - *e .

. ..-

e . . -
. . . . . ., , , . .. , , .

... , .
.

.

'- , .
,

.* * .. ' .
g .

. .. , ,
~ -. -

._ . - - - m -
.
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.s.
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18. When must a Survey Meter be re-calibrated? .
. . . ." [3 .,-

. .
. ,* .- *

.
... ;. 7

. .

-.e ,.

. . ... . . .. . ...

. . . .

. . -
.. . ; .. - u,...
. , . : .. . . . . -

. - .
. .

. .. r:
. v ..,. . . . . . . > * .. ., . ..

- . . . . < . . . . . . . . , . . . , . . ,O every 6 nonths
. .

. ... . . .

.- : "; :: . :;;. - -

. . . < . . '.. .
-- a. . .. ,': -.' ... .... . :. . ..b. every 3 months

- ,
, .. . .. . , ,; .

. * ..- ... .,

c. every 30 days .: ,.s. .:. . . . ..
.. ... - .,.

. .
. ,

. . .. .
.

. . . . . - .

,. .. .. . . .. :i .<, ;.;.
.-.

..s.., . .-. . ... . . .. ... d, every year . . w. . .pr. . ..;.-, .. , . .' . ...

. . "'
.. . . . . . . .

. ,r. / . . : ~ . '. .

When must a Source have a t.eak Test?
" ,,,7 I. . :. . N

. .

. .. . .e o
' -

* .
...

~. .'. W.. t' C |'T i .;; .: ; . :i. :&. . . . .
.

. + .
.

19 .. ., .. -.s .. . .

:e' L ** *
.. s . ....

L:. .': ?.] .'.' '.
*. :.

. . -
' : a,. every 3 nnnths Y ..

... .. . ;-| . 4.F. . . ?i.. W. .. ; .p. 7.' . ,':" *
. . .. .~.

'. .! -'
..s......

b, every year . . . '
..

. . . . r. .,'
c. cvery 6 months .

.:".. .- . - . . q . .,, P r. .
. ..''' - -

.
.-

.
,'-

.

c. ,. . . ..

.. . N. . .i ,. .g.;;;'i..
.. . ...... . - -

", e., , c. , ; .;*:. .- -.. .

.. d. every 30 days.. . . .
.. . . . , ...,.J.,........ .

.. * . ..v.s.e., .. . .- .* " ..
c : .... . . . .

If a source f' ails to return to its pr'oper.pos'ition.11st. the ;;j.F.*,ip'. - @
... ... .g, ....... . ,

.
.

,'

g... .j,.:,w. j.: :j.f. K. c, ),c: y . ; . -
.

. , , , J. 20 g , ,".-following steps you would.take. . ! ;.. .
.
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If you lose a film Badge what would you do?
. .l '.,- . . , , , . u,

.
7 .. ,.- - _ . .2

~ .

;
,. . .

. . ... ...

.. . . . ... .

r:.e .. . . .
.

.,
. .

. .. . .. . , . .

,.

., ,.
-

,

.. .
. . . .

- . . . .
.

. ' .. . ..

.

23. When traveling on the freeways & turnpikes throughout the Un'ted-
-

.

States, what areas are you strickly forbidden to have radioactive material?
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STAHr'90 FOR kTLDING PIPELINE API 1 * % lith EDITION I

- . .

g* .9.. . . .
~

.
.. -

.

I,' TriE FOLLOVING 25 QUESTIONS ARE IN REFERENCE TO THE API CODE BOOK.
.

.

EACH QUESTION
WILL HAVE A BLANK kHERE YOU WILL HAVE TO FILL. IN THE PROPER b'ORO OR NUM3ER..

-
..

- *.

1. The t:rm os used in this standarc indicates a mandatory re -
.

.quirement..

:..

*

', 2. Nondestructive test methods give dimensional resul ts only. .

. .
....

3.*' INADEQt%TE PENETRATION OF kELD ROOT
'

.
,.

~
-

Inadequate penetration without high-low present, is defined as the i
- .- ,

.
'

. filling of the weld root. Any individual condition due to this type of inadequate
. penetration shall not exceed The total length of such condition in any cor,

' .
.- . 12 in. length of weld shall not exceed If the weld is less than 12 in.1c' .

.. then the total length of such condition shall not exceed ,per cent of the weld*

*. 1ength. .- *

- '.: *'
* .. .,

...

[. 4. . INADEQUATE PENETRATION OUE TD HICH-LOV
,

-
. .'

~
.,. . . ,

'

. . " ~. . .

'
.

:~

High-Low is defined as a condition where the pipe and/or fitting surfaces are misali;.' High-tow is not objectionable provided that the root of adjacent pipe and/or fittingjoint is completely tied-in(bonded) by weld metal.
(unbonded), the length of this condi tion shall not . exceed _k~nen one edge of the roo t is exp:

~

,- or
at individut'

locat4ns or
s? ., , - in any' continuous 12 in. length of weld. -

-
.

.

. .. . . .-
.

.{; 5. ..INCOMPLETE FUSION .
. -

.
* '

,. ,'.,,

Q Incorrplete fusion at the root of the joint or at the top of the joint between the wel
,

- rnetal and 'the base metal shall not exceed in length.. The total lengthof such conditions in any 12 inch length of weld metal shall not exceed
the wald is less than 12 in. long, then the to tal length of such conditions shall not.

,' exceed per cent of the weld length.,.
*

.
, - ..: ...-'

6. INCOMPLETE FUSION DUE TO COLD LAP
s.

* .

_

.. .
. .

. ..
-

Incorrplete fusion due to cold lap is a discontinuity between two adjacent weld leads
.

between a weld bead and the base metal.
-

For the purposes of this standard, inco oles
fusion due to cold lap is a sub-surface discontinuity and thus it differs from inco.g

.

fusion. Individual incomplete fusion due to cold lap discontinuities shall not exceein length. The total length of incor plete fusion due to cold lap in any. continuous 12 in. length of weld shall not exceed, *

-
. -

.

.7
. ..

. . . , FOR PIPE 2-3/8 IN. 0.0. AND LARGER BURN THROUGHS
' *

'

,

. .

Any unrepaired burn-through shall not exceed ,/
or the of the pipe wal* hichever is smaller, in any dimension. The sum of the maximum dir.ensions of separa

w

unrepaired burn-through in any continuous 12 in. length of weld shalI not exceed
Radiographs of rep aired burn-throughs shall show that these have been properly repaid

i

} , .,
' *' ' '

..a.,.- ;- ;y . : . n.h..;. .-;._.'
. -

-.
. .
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-
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$ ih . 8. ELO"CATED SLAG INCLUSIONS ( WAG 0:.
.

- *

IPE 2-3/8 IN. 00 ANO LARCE_R.~
7ACKS ) ' '. -

.

.

|', FO. '

i
.

~

- *-

*

* -

-

Any elongated slag inclusions shall not exceed 2 in. in
-.

g ' width. .

of weld shall not exceed _The total length of elongated slag inclusions
length or inches ish

Parallel slag iines shallin any continuous 12'in lengt;

separate conditions if the width of either of then exceeds
.

be con.idered as !'

9.
* -.

.
-

ISOLATED SLAG INCLUSIONS . .- .;*

. . .

The maximum width of any isolated slag inclusions shall not exceedlength of isolated slag inclusions in any continuous 12 in. length of th
- .

- ..- -

\. , . . .

The t c:-

no t ext;eed _ .

_ , nor shall there be snare than. e weld shall
. .

. of the maximum width of in,this length. ' isolated slag inclusions-
-'* .,.

..10 ., .:-

SPHERICAL POROSITY ' .
.* . -

-

f= .~ .
..;^ -

. . . . . . ' .

. '.. . , ... . ,

The maximum dirrension of any individual spherical gas pocket shall -
.

.
-

.,

, , , , ,

J ._ -,,

. . per cent of the pipe wall thickness, whichever' is the lesser.no t exceed '_ -

11. .- ,
-CLUSTER POROSITY

,
.' .

.'.
~ :...,.

#
_ -

- '

Cluster porosity which occurs in the finish ' pass shall not exc
.

.
.

with the maximum dimensions of any individual gas pocket within the clusteedan'areaof[
,

,.
*

*
- exceed

of weld shall not exceedThe total length of cluster porosity in any continuous 12 i
_.. er not to

''

n, leng.
.

- (O
-

. ,
-12.

--PIPING (WORMHOLE) POROSITY
-

*
-

.: . .
. ,

' .'
. .

.

-Piping (warmhol'e) porosity is an elongated discontinutty which results when thE .',.

rises through the solidifying weld metal.
image associated with vormhole porosity shall not exceedT e maximum dimension of the radiographic

h e gas

cent of the pipe wall thickness, whichever is the lesser._ or _ per.
- '

13. . -

. - HOLLOW BEA0
-

,

.;. .
, .m.

, .

. , Hollow bead is elongated linear porosity occurring. in the root pass.
, .

.-

length of this discontinuity shall not exceed
. ,

The maximum
bead in any continuous 12 in. length of weld metal shall not excThe total length of hollow.

individual adjacent discontinuity -exceeding ;-..
_ length shall be separated by

eed_ and
et least 2 in. of sound weld metal.

-

..

14. .
.

CRACKS
.

'

. .
..

-

Shallod crater cracks or star cracks dich are located at^
r

'

considered injurious **cfects unless their length exceedsbeads and wh!d are the result of weld metal contraction during. the stopping point of weld
, ..

-

solidification are not
* *

of these shallow crater cracks, no weld containing cracks, regardless of si
.

1ccation shall be acceptable. With the esceptiot.

ze or
' .

. -

15. ,. . :.
ACCUMULATION OF DISCONTINUITIES. _

.

..
~,

.

- * Excluding high-low condition
-

- * '

''

in a continuous weld length of 12 in, any accumulation of discontinuiti+.s having a total
-

icngth of more than ,

i

!
.'

. par cent of the continuous weld length if the total weld length is less than 12 in., or rnare than

is unacceptable. Accumulation of discontindties which total
pf the weld length associated with an entire joint is unacceptabletrore than _ per c ent

.- *

b- ..
,

*

.-
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16 .' ' ' 'UiOERCUTTING

.. ...
... .'

'

. .

'

, * ' . , '.

.

.

O. Undercutting is the burning away of the side walls of
. . . , . ..

the welding groove at the '

edse ef a iater ef -eid metet, or the reduc: en i
th= th<cx ess er the n Pe

-

well adjacent to the weid and there it
undercutting adjacent to t he cover bedd onis f u>ed to the sur f ace of the pipe.

.

' "
-

.

the outsice of the pipe shall not be ;;.,1*

shaped nor shall it exceed or per' cent of the pipe wall i-
thickness, whichever is smaller, in depth; nor shall it exceed _ in icngth

~ _ the icngth of the weld, whichever is smaller. Undercutting adjacent _'"
or.

~ to the root bead on the inside of the p8pe shall au t exceed
in length

.

- -

of the icngth of the weld, whichev.er . Is smalle .or_
.f . ' . ; ~ ~~ p

* -
*

.
.

.
. ,.

~ - ,.s'

. . ,; . .* -

'
17 REPAIR OR REMOVAL OF DEFECTS .

'

* *
. , . . . , . .

,- O. ," , - ' ' |. ** i*

AUTHORI2ATION FOR REPA!RS . ' , .'.
.- -

* .. *..-
2

. **.

'

. . . .. . , ..*
. *

.

Darects ext.ep t _
in the root and filler beads may be' repaired with, prior

an.

company authorization.-

Defects, except __ in the cover pass may be repaired -,without prior company authorization. Cracks shall not. be repaired.
.

. -....c......-.
. .. .

...
. - . . . . . . . . ..

18 TESTING TESTING OF REPAIRS : ;-:7.. r :
-

.

. ,. :. .,.
* .* ~*

|
*

Such repaire.d areas shall be . ..-q:,;.
. . . ..,,,

r- .
- - u'

in'spected by the same means *. '. .or*

previously used. No further repairs shall be allowen in these areas.
.

,:,..,..J. .
..* 19; PENETRAMETERS

. ..- ., .. - .
.

.. . . . . ' ..

., ;' . ' ' * . . .; * * . 'h.
.

. .

. ,
.

. ,.
* .

.. . *u. shall be made of
.

-
. ..

os the material being welded. radiograph,ical ly'
.

. , ., . ,.; . ..- . .,
... .

,
..

. . - . ,, , ,'

20, Weld Thickness, Inches Penetrameter Th i ck a e n ** . ' ''e ' . '.-

:-.,
, . . , , . . , _ . ..

. . ~

~~ ~~

Uo to 1/4 Incl.,

.' ~~ . p. ftt..
,

Over 1/4 throuch. 3/8 . .- '.-
.

,7.'.M ' " ' ,.
'.t

* ?
Over 3/d throuch 17.2

*

~, .

i .'c; ', ''! , ' , " ['

Over 1/2 throuch 5/8.
.

.

Over 5/d throuch 3/4 ' ~~I ,. ; -

'* '*<
.

.

Over 3/4 throuch 7/d J.'
V. .".* ..

|
*

..
'

Over 7/8 throucn 1 .. . . . .. '., :' ' 'ger i throuch It
-. . -,

.

Over l- throuch 1-& , ...'c.. ..-
** *

. .

. Over it throuch 2 . C. '
,

. - '.
.

,.

.'...e-.. .-* ~

.. .

21 Fil.M DENSITY
* . *
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" . - ' 'M", i 9,[ '* ~- -
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.-.'
. ', .,.

- . % 'L * . , y ,.g ,
Filr$ shall be expo, sed so that the average H T 0 density shali not be less than.'$i.U I.!

*. . .

'

and so that this density through the thickest portien of the weld . f.'. Z..
.

~ i..shall not be less than.
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THIS PART OF THE TEST IS IN REFERENCE TO THE EVALUATION OF,'

. - . w. . , . .
.,

. . ..,, .. .
.C.... g. ,..

'. . ...
,,

25 FIlhS. ON EACH FILM THERE WILL BE A DEFECT .
.sO. ~ .

.

.

.
, .

IN THE W.0 * *
...

.; . <i. - .4 . . . , .

OR THE.FILH WILL. NOT HAVE THE PROPER TECHNI@E OR PROCESSING. .
. . .-

; ....... . ..
.

'.. '-.
-

. .
- .,

b ' dFTER EACH OF''THE FOLLONING NUMBERS YOU WILL. LIST YOUR' EVALUATION[I. Y. . .

..

.. .- . ..
- .

.

*
.-

.
..

,
,

.

. . .

OF THE . FILM IN DETAIL AND YOUR DECISI0ff 0F ACCEPTING OR REJECTI?(G .
.- ..

. . . . . . . , . . ... .

# . *- T. .

... .. ..

.THE YELD. .i. '.". 3 .. .
' .

. #. ... . ..G.= ', . r .
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'J '

INTRODUCTION., ,

. -
,

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

make biannual leak tests of the exterior surfaces of the radioacti-

h sealed sources in .use at The Dow Chemical Company. According to o
,

By-Products Material License, the test should be sufficiently sens.*

tive to detect 0.005 e of removable beta or gamma emitting radio-.

active materials. If any removable contamination is found, it mus
be reported to the. AEC within five days after completion of the te

.

TheBiochemicalResearchLaboratoryhasbeenmakingthesetests,u)n
.

,

cotton swabs to wipe an area around the source to pick up any. loos-,

'? contamination. It has been our job.to radioassay these wipe samp1G..

.[ , - Since these samples consist of approximately 200 swabs containing
,.|. some beta, gamma or alpha emitter, we needed a quick and sensitive.

,

* ' method which would rapidly screen 200 swabs for various kinds of '
,

radioactivity. We. selected a liquid scintillation counting method-

'. for this purpose because of the ease of sample preparation and tht:
J .., availability of a 3-channel spectrometer with punch tape output .

.
. - -

- . .. .: -*

. -

. ',
. _...2.- :-

RADI0 ASSAY METHOD
' ' . __

'
- - .. - 2~; : -. .

Q',. Scope -
- ..

.

*
'

This method will detect a lower limit of 0.00002 e of beta or alpt
radioactivity on cotton swabs used to wipe sealed sources containio

, pg , p,147, Ra226- 90 204 3' Cal 37, Co 0 210|-- . .

, 37 , T1 , and H . . ; .
'

- .. .,

.- . .

t

Atoaratus
-

.-.

. - .

Packard Tri-Carb Liquid Scintillation Spectrometer, 'Model 3324.
| Glass counting vials, 5 dram, screw cap, trneaton Glass Co.

,

Reazents - '
- ' ;-',

, .

| Liquifluor 25X concentrate: 100 gm of, PPO and 1.25 sm of POPOP pers,- liter of toluene, Pilot Chemicals
i Liquifluor 1X: 40 ml Liquifluor 25X concentrate diluted to 1 lites
| with toluene *

J|
. ..

'

Procedure ~

'

'

.Q, Cotton swabs used to wipe the sealed sources are placed into Wheat 6.

.
-

.

- . . , . '
'

- :
,

. ..

-.
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. -- - ,. - . -. .. .

- ... . . counting vials.
.

The swabs are cove ~ed with 10 ml of Liquifluor
* .

.- A clean t.' . ' , 4b is also placed in a counting vial a d .

ml of Liquifluor 1X. n covered with.

This is used as the background sample.-
Q

The channels of the Tri-Carb 3000 are set at
-

50-1000 The ga:.n
* *

settings selected for the 3 channels are the balance point
. .

settings for C136 'C14 3 Sain, , and H standard swab samples.
settings cover all energy regions of interest. These gai-

.

.The table'below
. indicates for each isotope the channel in which the bulk of the

-
.

.- .

. counts appear.-,

, . ~

. ..
. .. *' . - :. . . .. . ...

" % . ... . , . . -
. . ?:. .

-
.

. . : . s .?-
-

,2 .N '
,

-

36
[.'. j, C"1

' . . .'

Channel -| ' C1 . . .' .

Channel *5' H
'' 3... . Isotope. '_ (2% gain)*

Channel :
-

. ' . . 110% gain) '.
'--

: .7 . . . . -
.'

-

~(50% eain( ,'//.,-
'

. . . . < .
.7 :

- ''Cs-137 S.h : . .'.". . x
.- . . . . . .

b . , .. .. .-

/ ; '. " ~ ... !. . ". :. 'ri:" :.M s-V ;.r~ : '| 9.H . ;d i.Wi. i |. |
. . . . .. .

".+
. . -. ..

| ,2:. . . ;-
-

'a
., Co-6O

. . } y : y;.
x'.;;f ..jy|. Qcf,;y ''..h|* '|;. . . . . ..-. _. . i ~ '. |

, -

i:s - . -
. . .

.-
. ..

.

,.4 . a .- -

Po-210
- -

:. _ : *
. .

-
~-

.x . . ' , . 'f :
.

- . .. . .. .-

'. . .. .
.,a. ; .s; 92 :. . _ . . . . . .. . .- is.-. ''

u ._ . .' '. M .:,..
. ..

.Pm-147 ' -
~ :

.

,,

...: g . ,.. y :-u r.
|. Ra-226 . x' b,'[ % .:';?

4:. . . . - ):

-
- *

. . . , .... .
. .

x . 1. .

x
' . M. ,,' .'f. ' .' .~ ; #b.hti N'Sr-90

-

j... ,

..,
. .. . .

j .~ .

T1-204 .
~ ' . - |-

. . , . .
.. . ..

x .
: J... , .. . .

.- :-,

i .~ . , . . . -

. g_3 .- 'J
..

.,

,-..

.x -
-.

.

- ..

From,the gain spectra of standard swab samples
, . - .

gain setting for counting the samples in a 50 to 1000 wind wthe balance point
,

be determined.' Knowing that a relationship exists betwe
o can'*'

. -

energy, the gain at balance point, and counting efficiencyen the bet.,

countin

efficiency can be estimated for each of the isotopes in
,a

the C13,C , and H3
,

!

channei.s.
ing efficiencies were calculated fOn our instrument when the count-

or each isotope, we found we
,

could compute an average efficiency for each channel for th
,

~

topes listed in the previous table. e iso-
.

and 6% for the 3 channels. These, values were 91%, 69%, c
.

'

- ...
,

,.
- . : ;': ..,-

The background is determined by counting the blank
._

.

,

c.

least 10 min. swab for'at i
background subtract" on a Tri-Carb 3000 spectrometer ifThis background epm can then be used to set up the

1
,

'

planning to calculate the results manually or it can be f d i
one is

!

.
computer program if the calculations are to be done by a

e nto a
.

computer.
.

. -
. -

' . .. ,. , . -
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- ~

.. *..- .

Throo to s~'en ropaat counts are tak...,
.

]. #

time set at two to 10 min. i on the swab samples with,-

sample. The repeat counts are averaged for e
'

*
,

-

.

' All samples containing more than 50 dpm (0.00002 c)aEereporte
This means.if the maximum counting channel of a sample is thor Cl4

channel and'it sho.ws more than 40 net cpm,'it is reported
e C1.

~If-the maximum counting channel is the H3 c

net epm are pre,sent, it is reported. channel, if more than 3
,

.g :
/: . . . - ' ' . /.

~

- . .
.:-

.... .s
. .

. *. . .

L, . e ;.~: . . ;: . ?.. -. Calculations . .

.

. ,

.. : ..s*
. ' '.: : . ::. :

.
.- .; '.."

-

, .- ..

. .: J. - |. . cli
-

,

C = Average cpm in channel with maximum counts < ' ,

-
., 3, ; .. , , . .

B = Background cpm . , '(t [..' .y ( ;.?.9
-

. , .
,

,_- - ~
.

-, ' '.~
. . ,

-
- - -

.....~.a."

. . N '.; . . . - '::-

E = Per cent counting efficiency [in'cliannel with maximum ' counts 2
J

-.- ' '

...
. '

..-.
,.. . ,:..

. . . .. ? .. -

..

. ,- .

M .-||| c;...-'- (C - B) 100
.

- -
..' -

' ,

' : -

- - ; ',
c per sample :. .:.

e,
. - =

. 2.22 x 106 E - ",
.. .

.. ..
-- * :).

-
-

-- .
.

.

=. _ Automatic Calculations
. .

- . -
.

,

-
' .

The above calculatilons have been programmed in Algol for th
.

.

-

roughs B-5000 computer by F. A. Blanchard ( APELSCATR-3K:e Bur-
Program 297-7, Deck 864). Wipe Test..

This program uses punch tape data'from
,

t

a 3-channel liquid scintillation spectrometer, averages the cou t
computes epm, subtracts the predetermined background cpmns

'

c' '-

the maximum counting channel, computes the
. -

, selects

e per sample in the
maximum channel using the predetermined counting efficiercy'

computes from the repeat counts the standard deviation of the.
,-

, and.

average c per sample...
The program will print out

'
. for all samples greater than c per sample.

0.00002 .e and will print out a
. . .,

.

warning for all samples that exceed the AEC reporting level of J:|.y-
.

~-

0.005 ye. .

....

. . , i|, * .

. -.

.
-

b-: W ~Ph.,... .

The only imput constants needed to use this program are a fil '''
'

. ' . . - ,
.

. . . . .

-

number for the data, the predetermined background cpm for each
e -

l

channel, and the predetermined counting efficiency for each cha
'

-

*

ne1. n,.
\ *

- '

...*.*'...'.'-|.'..,, .
.

. , . .-
. . . .: . c. , e, . . .

i. . . ., ; --
. .,.

.. , , ,~
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L^1guid Scintillation Counting of tb. . .
- -

.. . . .

Samples "

* ' ' ' ,
.

'.

The swabs .t.mmersed in scintillator solution were counted o
-

,
,

*

Tri-Carb 3000 with the discriminators set at gi e
.

50-1000 in ea h 01the three channels. c
The gain was varied from 0.2% to 100%.*

Sain spectrum obtained for each isotope showed a balance point
Thet

gain setting where the counts were a maximum. A plot of beta E
versus balance point gain was made using the data from the gainmr
spectra.

-

.
-

.,' .

t,The counting efficiency was determined at th
-

.
-

.

} e balance point gain
setting for the swabs which were prepared from solutions 'of known!

,-
,

['- ' '

radioactivity.

efficiency versus' balance point gain setting.Using this data, a plot was made of the eounting
.

'' ''
'

-.

-"
,

-

.T 4 . -
,

, . kif . ;;s.f' " .- .

;, *
. i.

. ,,
. -

-

,
.

Results.. .. ..
' . .

-

.
- . . : c. - .-'' . -

.
:' -

' , -A. _cain Spectra,, .
- - .

. .
.

-

.i . - ' '

l'-
.

,
*

. ~

The gain spectra for the standard swab samples are shown i
.-*

. .

'
- .-

The T1-204 swab and Co-60 swab showed gain spectra similar t
,.

n' Fig. 1
.

*' '

standards. The Sr90-Yr90 o the
.

-

swab showed a gain spectrum with only on
'

. mav4 mum.

The two beta rays could not be resolved in the wide wi dused for this experiment. n
-

''

The. unknown Po-210 swab, which is a 5 3-Mev alpha e itt
^-,

.. .-'

er[showed.
a mavimum at a gain setting corresponding to that of a O 69 M

m
i

beta ray.
The unknown Ra-226 swab showed a broad gain spectr

,

- ev -.
' '

with the bulk of the counts appearing at gain settings betw
-;.

um

and3%., een 1 :--

1

A balance point gain setting for each isotope in'a
-

'., . ,

I

was determined from the gain spectrum of the swabs containi,,;50 1000 window-

i
.

8

H , Cl-36, Cs-137, Pm-147, Sr-89, co-60, and T1-204 ng C", .;.'
(2),has shown that a relationship exists between gain setti

'

Since Pens
;, .

!

the maximum energy"of the be'a ray, a plot of these t .
t ng and ..*

was made and is shown in Fig. 2.
. ,

wo variables -

was found except in the low energy end of the curve.An almost linear relationship-

beta emitter on a swab, the balance point gain at which itThus for anycount in a 50-1000 would
window could be found from this curve

..
,

", /. .-

_. : , . , .' -.
'

,
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\

STAllDARDIZATION OF RAr OA3SWL METHOIT
i

* [ , ,. . , Poeparet'i
'

~-

'. of ." Swab " Jam:les
_-

{'
'

Solutions used:
..

1.h, Polyacrylamide-C14 - DPM/mi
in water2.

Sulfinated polyvinyl toluene H3
-

2.825 x 105
.

in water -

-

2.172 x 106 (1-11-65)
-

3
Sodiumchlob'ide-C130 ~. .

4. . Cesium-Cs 37 in water
,.

1
,

1 A 0 x 1' 0 4
.- <-

7
bromide in water . ' . -5 Promethium-Pm1N

,

I 5.275 x 10' (1)
..

,.

6. Strontium-Sb 9 chloride in hcl
' '

'

:-8
3.26 x.104 (1-27-65)

.
-

7 Cobalt-Co60 chloride in HC1, , 2.1;68 x 104
8. Thallium-T1204 chloride in water (1-27-65) ,c.':,

' ..

unknownactivity]{'{Y;,T':..
,.

.

nitrate in water /9
Strontium (Sr90-Yr90) sulfate

"'

b;$Q"['C}.:[.'O'.- h[-in water .

N' 2 $. .
-

, : %U|;,.Y . (f.. :? ' -(. n.v.M )," '.St. M'
'

,
,

. . -'
.

-

Actual wipe samples with unknown
e

. .(: ;* (, . .': . |,.'. . *'
. ,

: '*

Swab used to wipe Po 10 activity :: -
..~ .. e

2 .,- . . -.

source 7
-

-

Ra226 '. . . ~
'

source .~

-

The aqueous solutions listed ab
.

*

Q ,. -

with, a 0.1 m1 serological pipetove were pipetted onto cotton sw~bs
.

pared.. a

All'the' swabs except thoseThe swabs were dried at room tDuplicate cotton swabs were pre-
,

.

emperature fo'r 3 1/2 hrs.
into 10 ml of Liquifluor 1Xc5ntaining Cs-137 were immersed directly
Liquid Scintillation Spect and then counted in the Tri-Carb 3000 .reseter.

Dt swabs containing the '

k a well counter (1) to ds::a emitter, Cs-137, were first counted
,

% account the decay sche ee ermine the dpm on the swab..

Taking
'" minute was determined.of the isotope, the number of betas
C ~.1quifluor II and co -'nese swabs were theri immersed in 10 -

- -

-

| '.. *'2 tion tc the countsuntef "n the Tri-Carb 3000.
,

The gamma con '*

Nab in sufficient Pbon the Tri-Carb was determined by wrapping
,

This Pb-w r pad swab was immersed ifei; to block off the beta r'ays but not-

omma rays. -

.: .
;

''. fluor and counted.. n 10 ml of
: h .

'
.

-;...
-

. : . ~,
-

\ ..*
. _,,

.. -

-
.- .. .

. *
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-' wmum trriciency, ,

.

, ,.7 The count
,

tg officiency was calculaced for' '

()) swabs (C-14, R-3, Cl-36, Cs-137, Pm-147, Sr 89)each of the standard
plotted against the balance point gain setting (FiThese were

-
.'

curve approaching 100% counting efficiency at 1cgure 3 ) . A
was obtained.

counting efficiency of any beta emitter for whichThis curve could then be used to determine th
w gain settings

e
not available.
swabs were obtained from this curve.The counting efficiencies of T1-204 and C

a standard was
o-60 on-

.

Since a standard of Sr90_yr.90 ' '

:.c
.

.

balance point gain setting and the counting effiwas not available, t'he theoretical.
"

for each isotope using Figs. 2 and 3 ciency was found
.,

-

gain spectrum of isotopes having similar beta rUsing this data and the
.

, . ,'
Sr-90 and Yr-90, a theoretical gain spectr - ay energies'to

. plotted.

Assuming an equilibrium mixture of the twum for each isotope was
presene on the swab, a sum curve was obtained

,

o isotopes was
served one.

to be 177 5%.for Sr-90 at the single ma iFrom this the apparent counting efficiensimilar to the ob-
,

''[,

cy was found

h The total beta activity could be bo'und byx mum in the gain spectrum.ciency of 88.8%. using a counting effi-
~

By. counting the Cs-137 swab with and with
-

. . . .

..-
'

found that the.0.662 Mev gamma ray onlout lead foil, it was
~ cent to the counting efficiency. y contributed a few per ~

,
. ,

.

of Co-60, the gamma rays also did not contrib tSo it was assumed.in the case
u e many counts.

The alpha emitter,.Po-210, was assumed t
100% counting efficiency (3) . o be counting at close to

.

was unknown and a variety of products was prSince the decay scheme of Ra-22'6
'

efficiency was assumed to be close to 100%esent, its counting
-

, . -

It was found from the balance point gai
.

;.
. -..

,
.

efficiencies in the n setting and counting
...

50-1000
window that 3 diff

could be selected to' screen a mixture of therent gain settings . ,

3-channel liquid scintillation' spectrometerese swab samples in a
,

.

were balance point gain windows for C1-36The 3 windows chosen
;

.

, C-14, and H-3 with gain-

-
.',,:'

. -

. . . .
.. - . .
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_. -

l
.

.

.1 * L settings of.2, 'O arid 50%, respectively. 'Also., three average
*

... ..

counting officiencies could be selected for calculating the. c
p'er sample. This data as well as the balance point gain settings;

and counting efficiencies are shown in Table I. '

,

9>

. ..Based on a minimum detection limit of 10 counts per minute above.

.

background, the detection limit in each channel with the ga'in "

settings of 2%,10%, and >.30% was 5 x 10", 7 x 10-* , and 75 x. 10".. " ..
.:

microcuries respectively.
.. : .

,

~
.

. .,. . ..,

. .:
. - .,

'The largest error introduced in using in average' counting effi- ';.
- -

*

ciency for each channel is 10% in the total activity due tas Sr90,,' , ,7c.

. Yr90
' '

The error is less than 4% for the other 3.sotopes. '

. , . .: . .: . . . . t . ..I'.,-
. , .

,.
.

,
... :

. ..

. :. .. .. . . . . v. c
. . . ...

....

n. . n.
. ...

.

, :n .

.
. . .... ..::. . .-

.

.
. . . , .t .

. .
.

. .

' . .. a . . . . . ' ..,
.

. .... . ...
..- -
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Table I. . '< -
, Counting Efficiency of Various Isotopes at Three Selected" Gain Settings '

,.
'

' '. ~ ' #'
'

'
.

- ''

Counting Efficiency in 50-1000 Window' .

'

. Pr dom n nt Counting Containing Maximum Counta
ct or p, . Gain, Eff'iciency, Claa. Window C" Window H WindowIsotope Mev % % (2% Gain) (10% Gain) (50% Gain)

_

3
_

'
- H 0.018 52 579

'

13 .
., 57-

C
. .

a 0.155 10 5 68 3 68.3
.

.

-

>
-

.

c 147 -

.

g Pm 0.223, 10 70.0 -

. 70.0 *
*

' -
,

0 60 - -

''
- *

; Co 0,3 06 59 * 82.0
-

-; '

33 7'
'

68.2. , .

h
' ' '

~

Cs O.52 29 91 7 89 8
h. 3601 g,714- 25 94.9 94 5

~

- ~

-

h 204
.

T1 0 765 '' 25 94 9 94 5o i
8T sr 9 1.463 13 98.0 ' 89 0

co'

'*
90 .

D Sr
. *

0.61 29 93 .0' 92.0
-

U". .Yr90'
'

'2.18 0.8 98.0 70 5 - ~

-

1162 5*
'

'
'
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