APPLICATION FQR RENEWAL
(1’969

AEC LICENSE #12-8271=1~.

RADIOGRAPHY WITH Co 60/

GENERAL STEEL INDUSTRIES, INC,

A30



GENERAL STEEL INDUSTRIES, INC,

DIRECTORS
Mr. Joseph H. Bascom, Pres, Mr. Edwin S. Jones, Exec. Vice_: Pres.
Broderick & Bascom Rope Company First National Bank in St. Louis
10440 Trenton Avenue 305 North Broadway
St. Louis, Missouri 63132 St. Louis, Missouri 63102
Mr. Stuart W. Cragin Mr. Preston D. Law, Chairman
Chairman Credit Committee ©  Flex-0O-Lite Division
Morgan Guaranty Trust Company P. O. Box 4266
23 Wall Street St. Louis, Missouri 63123

New York, New York 10015
Mr. Edwin B. Meissner, Jr. Senior Vice Pre:

Mr. Duncan C. Dobson, Pres. One Memorial Drive
Ludlow-Saylor Wire Cloth Company St. Louis, Missouri 63102
4333 West Clayton Avenue
St. Louis, Missouri 63101 Mr. Henry B. Pflager

) Orr, Pflager & Andreas
Mr, James K. Ebbert, Vice Pres. Boatmen's Bank Building
Mellon National Bank & Truct Co. 314 North Broadway
Mellon Square St. Louis, Missouri 63102

Pittsburgh, Pennsylvania 15203
Mr. Nicholas P. Veeder

Mr. Van Horn Ely, Jr. Chairman of the Board & President
430 Continental American Building Granite City Steel Company
Wilmington, Delaware 20th & State Streets

Granite City, Illinois 62040
Mr. W. Ashley Gray, Jr.

President Mr. Charles P, Whitehead

General Steel Industries, Inc. Chairman of the Finance Committee
One Memorial Drive . General Steel Industries, Inc.

St. Louis, Missouri 63102 314 N, Broadway

St. Louis, Missouri 63102



GENERAL STEEL INDUSTRIES, INC.

OFFICERS

W. Ashley Gray, Jr.
President

One Memorial Drive

St. Louis, Missouri 63102

Edwin B. Meissner, Jr.
Senior Vice President
8000 Hall Street

St. Louis, Missouri 63147

Howard F. Park, Jr.
Senior Vice President
One Memorial Drive

St. Louis, Missouri 63102

Del.ancey J. Davis

Vice President

8000 Hall Street

St. Louis, Missouri 63147

Taylor S. Desloge

Vice President & Treasurer
One Memorial Drive

St. Louis, Missouri 63102

Thomas R. Remington
Vice President Operations

One Memorial Drive
St. Louis, Missouri 63102

Richard T. Risk

Vice President & Controller
One Memorial Drive

St. Louis, Missouri 63147

James A. Van Sant

Vice President - Public Relations
One Memorial Drive

St. Louis, Missouri 63102

Charles A. Donze, Jr.

Vice President -~ Corporate Development
One Memorial Drive

St. Louis, Missouri 63102

George K. Hoblitzelle

Vice President & Secretary
One Memorial Drive

St. Louis, Missouri 63102



CGENERRKSL STEEL INDUSTRIES, I NC.

CASTINGS DIVISION

[ERS——

1417 State Street
Granite City, llinois 62040
618 - GL 2-2120

February 17, 1969

Mr. James Milaro

Senior Reviewer

Division of Licensing and Regulation
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Milaro:

Enclosed is our application for renewal of the United States
Atomic Energy Commission Byproduct Material License #12-8271-1.
The only physical changes made to our facilities are in the location of
the crankout device for the 80 curie cobalt 60 source and some additional
safety devices for the same source. These are described in Section 6.

N . ~

The application has also been updated to reflect changes in \

corporate and departmental personnel.

» -

; Your review of this application will be appreciated.
Sincerely,

H. B. Norris
Manager of Quality Control

HBN:1lw

Enc.

DIVISIONS: Castings—St. Louis Car—National Rolt SUBSIDIARIES: Ludlow-Saylor—Flex-0-Lite-Standard Pipeprotection

-
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: UNITED STATES ATOMIC ENERGY COMMISSION 1{7;';,f’
Form AEC-313R APPLICATION FOR BYPRODUCT MATERIAL LICENSE— Form choproved.

(9~62) Budget Bureau No. 38-R137

USE OF SEALED SOURCES IN RADIOGRAPHY

SEE ATTACHED FORM AEC-313R INSTRUCTIONS—USE SUPPLEMENTAL SHEET WHERE NECESSARY

BE SURE ALL ITEMS ARE COMPLETED AND THAT ALL NECESSARY ATTACHMENTS ARE FURNISHED. IF ANY PORTION
OF THE APPLICATION IS NOT APPLICABLE SPECIFICALLY SO STATE. DEFICIENT OR INCOMPLETE APPLICATIONS
'MAY BE RETURNED WITHOUT CONSIDERATION

1(a) NAME AND ADDRESS OF APPLICANT 2. PREVIOUS LICENSE NUMBER(S) (Indicate if application is for renewal or amendment
of an existing byproduct material license.)

General Steel Industries, Inc.
1417 State Street Renewal of License #12-8271-1
Granite City, Illinois 62040

1(b) APPLICANT IS: An individual D A partnership D A Corporaﬁon@ An

3. LOCATION(S) WHERE SEALED SOURCES WILL BE USED AND/OR STORED. (If use
will be made in states other than named in 1({a), they should be listed here.)

Unincorporated Association D Other D If applicant is other than an individ- Gene ral Steel Industries , Inc.
ual, the applicable section on the reverse side must be completed. 4 17 Sta te- Street

Granite City, T1linois 62040

Budd Assembly No. 300-041706 (B)
Radionics Inc, P60-100-2

'4. SEALED SOURCES TO BE USED N RADIOGRAPHY

BYPRODUCT MATERIAL MAXIMUM ACTIVITY
(Element and Mass No.) SOURCE MODEL NUMBER - NAME OF MANUFACTURER PER SOURCE NUMBER OF SOURCES
A C660 » C=374 » Nuclear Con- |, 280 mc A Ohe
sultants Corp.
5. Cob60 s. C-375 e " 5. 260 mc B one
. dalibrated 7-22-6p '
¢ Co60 ¢ P60-100 ¢ Radionics Inc. [¢ 80 cyrie ¢ _one
5. RADIOGRAPHIC EXPOSURE DEVICES AND/OR STORAGE CONTAINERS TO BE USED WITH SOURCES LISTED ABOVE
MODEL NUMBER NAME OF MANUFACTURER (If custom made, attach complete design specification. )
s Unitron 110A Serial #1116 A Budd Company Instruments Division
s. Unitron 110A Serial #1117 5. Budd Company Instruments Division -
c. 1 Model P60-100-2 c. Radionics Inc.
6. THE FOLLOWING INFORMATION IS ATTACHED AS A PART OF THIS APPLICATION: (Check appropriate blocks and attach information called for in the instructions with this form.)
Not Applicable Attached Previously Submitied

onJan 15. 19&

(a) Description of radiographic fociutics (Instruction 6-a). . .. ...... ... . .....
B -IPATE)

‘ (b} Description of radiation detection instruments to be used (instruction 6-b). . .. .. on

ol
DATE)

{c} Instrument calibration procedures {instruction 6-¢c} . ... .. . ... .. .........."-
(d) Personnel monitoring equipment (instruction é—d). . .. .......... . .........

(e) Operating and emergency procedures (Instruction 6—e). . .. ......... .......

onj"“ﬂ. 15,1968

OOO000000
HE R EEHEEER
000000000

(R Training program {Instruction 6—F}. . .. ........ .. ... ... .. S on jbﬂﬂ l ] 9 68
(g} intemal inspection system or other management control (instruction é-gj. . .. .. .. on l Ja"a 1 5 l 9 68
(h) Overall organizational structure {Instruction 6-h). . .. ... ....... ... ... ... on E)éra 5 ] 9 68
(i} Leck festing procedures {Instruction 6—i). . ... ... .. ... ... ... .. ... ﬁﬁ

R (parE)

fAn. 15 1968

CERTIFICATE (This item must be completed by applicant)

7. THE APPLICANT AND ANY OFFICIAL EXECUTING THIS CERTIFICATE ON BEHALF OF THE APPLICANT NAMED IN ITEM 1, CERTIFY THAT THIS APPLICATION IS PREPARED IN CON-
FORMITY WITH T{TLE 10, CODE OF FEDERAL REGULATIONS, PART 30, AND THAT ALL INFORMATION CONTAINED HEREIN, INCLUDING ANY SUPPLEMENTS ATTACHED HERETO,

General Steel Industries., Inc.

\7 zf -ﬂpplicam Named in Etem 1

Vice Presidfent - Manufacturing
Title of Certifying Official

‘.fut 749 mokes it a criminal offense to make a willfully faise statement or represemohon to any department or

J L e

LYK Y] .)U
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FORM AEC-313R {9-62)

LEGAL STRUCTURE OF APPLICANT

If applicant is a corporation, complete ltems 8 through 11; if applicant is a partnership, complete ltems 12 through 14; if applicont is on unincorporated

association or a legol entity other than a partnership or corporation, complete Items 15 and 16.

adequate.

AHach separate sheets where space provided proves in-

CORPCRATION

8. STOCK OF APPLICANT CORPORATION
NO. OF SHARES . NO. OF SHARES

AUTHORIZED ISSUED

NO. OF SHARES
SUBSCRIBED

TOTAL NUMBER OF:

6, 000, 000 2,266,148

{a} Stockholders

7850

{b) Subscribers

9. Is applicant corporation directly or indirectly controlled by another corporation or other legal entity?

............... ves [ ]

If answer is “*YES'" give name and address of other corporation or other legal entity and describe how such control exists and the exterit thereof.

no [ X

10. (a) !dentify by name and oddress any individual, corporation, or other legal entity (1) owning 10 percent or more of the stock of applicant corporation issued and
outstanding or {2) subscribing to 10 percent or more of the outhorized but unissued stock of the corporation.

(b) Identify by name and address ail officers and directors of the corporation.
(a) None

(b) See Attached

. Identify the State, District, Territory, or possession under the laws of which the up'pﬁcon' is incorporafed.

PARTNERSHIP

12. Name and oddress of each individual or legai entity owning a partnership interest in the applicant.

13. State the percent of ownership of the applicant partnership heid by each of the individuals or legal entities listed in item 12,

14. Identify the State, District, Territory, or possession under the laws of which the applicant partnership is organized.

OTHER

15. Describe the nature of the applicant and identify the State, District, Territory, or possession under the laws of which it is organized.

16. State the total number of members or persons holding an ownership in the applicant, identify each by name and address, and indicate the ownership interest thereof.

* U.S. GOVERNMENT PRINTING OFFICE : 1962 OF —65935 {




January 28, 1966

Memorandum to Mr. T. Ditchfield

To conform with A.E.C. regulations for the use of the two Co 60

. isotopes in our plant, the following must be carried out at all times:

1. Before anyone is allowed on the roof of #6 building over the
#6 building x-ray cage, Mr. H. B. Norris, Radiation Safety
Officer, must be notified and his permission obtained.

2. Before anyone is allowed to work on the #6 building overhead
cranes, when and if this work is done over the #6 building
x-ray cage, Mr. Norris again must be notified and his
permission granted.

These instructions were originally sent to Messrs. Roddy and
McMillin. Due to the changes in personnel and the continued use of

Co 60, I thought it wise to reissue these instructions.

This letter will become a part of our A.E.C. licensing application,

replacing the original addressed to Mr. Barclay, dated January 29, 1963,

and the first revision addressed to Mr. McMillin, dated January 3, 1964,
and the second revision addressed to Mr. Ditchfield, dated November 27,

1964.

H. B. Norris
Radiation Safety Officer

HBN:ten

cc: WED LFB(6) MWL ROC
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6.

(a) DESCRIPTION OF RADIOGRAPHIC FACILITIES



January 25, 1963

Mr., Williem B, Davia
Plant Ketallurgiet
General Steel Industries
1417 State Straet
Granite City, Tllinois

Dear ¥y, Davis:

Enclosed you will find a crose sectional drawing of your
forndry bLuilldding #0 in the area of yoor tadiogr&nﬁfc

Yoom,

As you will recall, lnsu Saturda] {January 19, 1%63)
during my visit te your nTant T made a corplete radistion
survey of the area irmediately above the zadiographic room
to determine, by measurement, the actual radiation fields
present when your -5 raliographic sources are in use,

I had previsusly made caleulations of these fields for you,

- however, during ycour last AF.7. inspection the gueariecn

wag ralased as to the actua) measurements of thege fields,
Since it was a had, snowy day T declined the invitation to
crawl around on top of the rocof to make actual measurements!
I d44, however. personally climb. into the crane cab and on
top of this cab where there is a catwalk which spane the
corpleta building fiameliately above the radiographic reom.

These measurerments were male with an NRD Model €8-47 fonfza- -
tion type survey meter. This meter had been calibrated in
our laboratories using a Bureau of Standards calibrated ;
Co-60 gtandard,

"Two measuvements were made - one with beth ascurces placed

inside of large casting as you would normally use them an}
the second set of readings weres made with both sources
laying unshielded on the floor cof the radiographic room.

Table one ehows the measurements actually taken. From this
it can be seen that the crane operator i8 quite safe even
when both sources are completely exposed, The field

immediately above the aources on the catwalk reaches a maxinum

of 7 wr,/hr, when both sources are cowpletely exposed., This
vdoas not present a problem since you already have a company

Section 6 (a) Page |



Mr, William £, Davis . ‘page 2 cont.
General Steel Induatries

policy established that no-one is allowed on the catwalk

without first checking with your office. No-one should,

of course, be allowed on this catwalk when the sources are
in use. '

The other question posed by the {mspector was the posaible
radiation fields on the roof, As I stated earlier, I did

not physically zo to the rocf for measurements, however, I'
sure we have ample data to calculate the fields in the
positiong indicated on the roof. I have selected all points
where it would be possible for maintenance men to be required
to work, Table II gives the calculated values for these
various positiona.

Ag can he geen from thig table, the highest field is that in
the ridge area immediately above the exposed sources at
position I, This repreeents a field of 0.85 mr,/hr - well
below the 2 mr,/hr for uarestricted areas and would mean

"a peraon would have te remain at this position akout 120 hours
‘per wealr in order to exceed the 100 mr. per week limit, A

most unlikely situacion.

I would, however, recommend you extend your company policy
of requiring all meintenance men to clear through your cffice
before going onto the catwalk of the crane to- include zoing
ento the roof alse. In this manmer you can be certain no
workmen will be in these areas when the sources are exposed,

1 further recommen<d you make this report a part of your
permanent records and submit a copy to both the state and
federal A.Y.C, inspention apencies in answer to any questions
they may have concerning the radiation fields and control of
areas above your radiographic facilities,

ohould vou have any further questions, plcase call on me at
your convenience,

Sincerely,

NDCLEAR CONSULTANTS CORPORATION

W. R, Yonneker, Ph,D,
Certifiad Health chysieclst

-

enclosures

S('.L:li(m 6 () Page 2
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A,

B.

TABLE I

Seat of the érgﬁe opera£6r
Catwalk on'tOp-of crane

cé;walk immediately above wall
Catwaik immediataly above sources

Catwalk about hal f~way between
sources and operator's position

Catwalk immédiateiy above
operator's position

Catwalk {mmediately above
end wall of room

Scection 6 (a) Page 3

gources in
casting

0.5 wr./br,
1 mr, /hr,

1 wr. /by,

3 1/2 wr./hr.

11/2 ﬁr./br..

1 me. /by,

0,5 mr,/hr,

sources om
floor .

1 mr./ﬁr;
1 1/2.mr./hr.
3 mr, /hr.
7 mr./hr;

21/2 mr./br.
1 1/2 wr,/hr,

l' mt./hf.



TABLE II

All based on both sourees completely exposed using
>losest meazured point end the inverse sguare law,
No additional shielding assumed,

L. Area hetween two buildioss 63" from

sourcer {nse measured fiald at €

for caleulation). 0.4 mr,/hr.

‘1, Platferm inside h™:ilding used to

work on window contrnls 40' from
gonrces (used measured field at
¢ for caleulation). 0.52 mr,/hr.,
I, Pidne area om top of roof 529
from goarces (used mpzsured £1leld

at 7 for calculation), n.85 mr, /hr.

J. A second platform inside building

nged to work on window controls
84 from gourcan (8ad meaaured
fi2ld at ¥ Ffor calculation). .45

K., PFdoe of building 42 feet from
gsources {(used veasured field at

7 for calonlationy, 0.4 mr,/br,

Svetion 6 (a) Page 4
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General Steel Industries in its normal operation produces a wide
range of very large steel castings for the military and for industry.
Extensive testing, including radiographic inspection is required for most
of these castings. To date, we have used quite satisfactorily two 500 mg.
radium sources. These have been used with a fish pole technique with
little radiation exposure to our personnel. To more easily comply with
state regulations and to reduce our cost by purchasing rather than leasing
material, we have decided to obtain two 300 mc Cobalt 60 sources from
the Budd Company whicfl will be mounted in two of their Unitron Model 110A
roll-out cameras. These sources and cameras will be used only in the
specially constructed room inside the plant in Granite City. Although the
cameras are of the portable type, they will not be used in other parts of
the plant nor in the field.

See attached drawing for the radiographic room. This room is
22 feet wide by 60 feet.long and the walls are constructed of 24 inches of
sand filled concrete block. The room is located inside our foundry and
hence does not have a roof. There is no basement nor open area under
the room. The walls are approximately 10 feet high With three strands
of barbed wire atop the wall to make certain unauthorized personnel do
not enter. Red warning lights are installed on each wall and over the
doorwéy. There is only one door into the room which is located on the
north wall. This door is posted and always kept locked. Only Mr. Norris
and the radiographers working under his supervision have access to the
keys. The building superintendent never goes irfco the room without first

contacting Mr. Norris. He does not have keys for the source storage'

Section 6 (a) Page 5



containers. Inside the room, in the northeast corner, is a small viewing
room of about six by six feet square. The walls of this room are 20 inches
thick made from cement blocks. Between the radiographic area and the
control area are several large pieces of armor plate steel as shields.
These armor plates are 4 inches thick and measure six by six feet square.
All area immediately surrounding this room are either storage
areas or run ways for the movement of material and castings. Except f'or
the door area, the area for approximately 20 feet adjacent to the north
wall is storage and not used as a work area. The area adjacent to the
east wall is likewise primarily used for storage and although personnel
can approach to within 4 or 5 feet of the wall, there is no working area
closer than 15 feet away. . The area behind the south wall is pretty much

inaccessible to personnel being used to store drums of oil. The west wall

faces a run way through which small trucks or tractors move castings, molds

and other material. The closest work area is some 15 to 20 feet away.
All castings are placed in this room through the open ceiling by

the use of overhead cranes. The large overhead cranes span the whole

width of the large building (approximately 100 feet wide). The control

cabin is located at the far south side of the large building and some 25 feet

in the air. The distance from the wall of the radiographic room to a

point directly under the control cabin is approximately 40 feet. Hence,

the closest distance from the wall to the cabin is on the order of 50 feet.

Since the crane operator is working from a point so far behind the south

Section 6 (a) Page 6



wall of the room (although some 25 feet up) he is unable to see or place
castings closer than 3 or 4 feet from this wall. If there is a single casting,
it is placed nearly in the center of the room. If there are two (the maximum
handled at any one time) they cannot both be centered of course which results
in each being slightly closer to the side walls. Most work is done with the
capsule inside the casting with the film placed on the outside. ZFor this
reason very small source to film distances (3 to 6 inches) are used and
hence the reason for the small sources (300 mc each). This technique,

with the source inside the casting results in consicierable absorption of

the radiation in the casting and hence results in mgch reduced radiation
fields.

The large errhead crane is never operated over the areas where the
radiographers' room is located except to place the castings to be radio-
graphed into the room. It can be shown however that the maximum radiation
field which could exist at the cabin of this crane is between 2 and 2.5 mr per
hour, Since the occupancy factor in this position is virtually zero, we
consider this to be an unrestricted area,

The operator of the radiographic units will be some 25 to 35 feet
away from the exposed sources and will operate behind 4 inches of armor
plate steel.

The only door to the room is locked and posted on the outside and
is likewise locked from the inside when a radiogra.pher is inside working,
Because of the noise level in the plant, it would be possible for unauthorized

personnel to enter the room unnoticed even with the operator in the room

Section 6 (a) Page 7



p : .

if he did not lock the door after him. There is a buzzer on the door to
signal the operator from the ocutside.

A large red light is mounted on the top of each wall. One is mounted
on the north wall immediately above the door. These lights are turned on
whenever an operator enters the source room or whenever sources are
exposed. The light can easily be seen not only by someone attempting
to enter the door, .but also by the crane operator and anyone in this whole
area of the plant.

Radiation area and radiation storage signs are posted on the entrance
doorway. Additional radiation signs are posted within the radiographic
enclosure in conformance with A.E. C. regulations.

In addition, due to the work load of large industrial castings,

General Steel Industries has decided to obtain one 80 curie cobalt 60 source
from Radionics Inc., which will be mounted in a radiographic camera

model P60-100-2. This source and camera will be used only in the specially
constructed Betatron room inside the plant in Granite City. Although the
carﬁera is of the portable type, it will not be used in other parts of the

plant nor in the field. See attached drawing for the radiographic room

construction,

The camera is constructed similarly to the present cameras in its

mechanical operation.

Section 6 (a) Page 8
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On August 1, 1962, Nuclear Consultants conducted a radiation

survey of our radiographic facility. A copy is attached under 313R-6A.

In the interim period no changes have been made in building

construction, radiographic procedure, equipment source type or size.

The work load will be approximately the same in 1969 as it was

in 1968.

Section 6 (a) Page 12
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On August 1, 19561 2 radiation suyvey was:perfbxmad‘af the
radiographis Exp@auzé Facility at the ﬁrénite City, Yllimgia
Plant of Ceneral Steel Induatries, This survey was perfoémad during
exposure of 2 Co-60 sources from 2 Budd Company Unitrom Model-
RIOAE units, which were arranged in seveval differemt typical
operating positions,

The results of thls survey show a high reading on the ex-
ternsl walls of 1.2 mz/hr at )1 meter sbove the fleor at the wall
nearest the exposurs locstion, The sverage readimg, ireluding
background, was 0,13 wr/hr. Most veadings did not exceed the
background level of 3,07 wr/hr,

The survey of the "operations” room inside the radiographic
exposure facility was 1.33 mx/hr at floor level directly at the
door, The average rveading, imcludiag background, was 0,30 mr/hr.
Background lavels of 0,05 wmr/hr were found im this voom, This
room is entirely contained im the restricted srea asmd 15 uged

by menitored pergonae]l only,

GENERAL
In compiiance with the 8tate of Iilivols and ?edatal regulations,
an area radiation survey was requested osm the Radiographic Exposure
Facility of Genaral 8teel Industries of Gramite City, Illinecis, On
June 24 and August 1, 1962, a physicist from Huclesar Consultants
Corporation periormed suzveys, the results of which follow:
i. Instrumentation. A Pracision Radiation Instruments,
Inc,, Model 107¢, Serial No, 607H geigar counter was
uged for the radiation survey. The ranges for this

instrurent are 0.04, 0.2, 2,0 and 20 mzr/hr, This

Scction 6O () PPage 173



II.

I1I,

{nstrument has-beeﬁ‘ealibrated vith Co-60., Also, a
WUCOR C8-40A "Cutie~-Pie” survey meter was used to
cross-check when possible, but no levels were found

which excacded the range of the getger’eountet;

Facility and Source Deseriptiom. This facility is

located on the ground level of the plant., It is éomi
posed of concrete block walls 24 imches thiﬁk (min-
mure) and approximately 10 feet high with 3 strands of
barbéd wire at the top. These walls form an enclosure
ﬁbich is posted and always kept locked. Omnly gualified
personnel, 8s named in the ASC license, are‘pérmitted
access to this area, Such persomnel are ?autiuely

monitored for exposura to external ionfizing radiation.

Additional shielding {s afforded indtviduals inside

the exposure area in the form of 4' x &' x 5" steel
armour.plmtaa, located strataglcally inside the imcii-
ity. A sketch of this faciliity is attached.

The radiographic sources used in this area are 2
Budd Co. Unitronm Model 110AB rollout camerss. These

cameras, though portable, are ueed only 1nstde the expo-

sure facility described sbove. Eech cemsrz containg a

- nominal 300 wmillicuriee of Co-6f. They are designed aund

approved by the A,E.C. to hendle up to 10 curies of Co=60.
We will be using & maximum of 300-1000 me Co-60. Each
ecamers has up%rove& locking devices.

Operation. The Unicron 110AB rvollout cauerac are opei-
ated remotely by means of 2 25 foot extension contrel
from behind ¢the armour pldte shielding, The source

peaitioning tubeg ave located in proper expogure poeition

Section 6 (a) Page 14



’3-

prior éofunlocking the Unitron cameras. Suchrcamorai

are then unlocked, after which the radiographor retires

. _tc5a_1ocition behind the armour plate'ahlélding from N

Vi,

which lqcation the gources are "run-out” into exposuée

poeiticn. e then retired to the operations room vhere

-hé wh!ts Untll tie exposure 1s completed At thig tino,_

still hehind tha armour plate, he proceeds to rcttacc

the npurces~into the cameras. The-camerao»nre then

locked until the next use.

Priot to any entty into the @xposure area, the 1n-

' dividual.entering must monitor the area, a nd the cametas,l

with a sﬁrVey‘meccrito assure that all sources are_gan- 
tained within theiy shields._'Additton@lly, no_exposure

is made without turning on the red ﬁnrning_lightp lpéa-l

_ tgdzqn each eorner of the facility. For use in emer-

gency, a.phone_ia located iﬁaide the operatioﬂp;;bomt
Since.thn outer door ia.locked from.tha inside dﬁring
expoaurea, no inadvertent entxy to the area is poaaibla.
Radiation Survey. Following are the remuﬁtn of the radi-
ation mu?vey patfotmﬂd oen this facility.
A.v Exterior Surfaces, Unrastzicted Azea.
R Y Exterior readings in storage areas and
pabaagaway.
1.1 On the surface of the floor at the‘ouf—
side walls the averapge lsvel wae 0,08
mr/hr. A maximum level of 0.12 mf/ht
wasifnund immediataly outeide the

sntrance door.
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1.2

- At l meter from the Eloor at the cut-

§oide wnllo the aveznga level vag 0. 15 '

13

1;6-

' rentrictnd
2,'.

2.1

:.:fmr/hr. The man Lmum level of 1. 2 ur/hr
ﬁ:uae found 1mmad£ately ndjacant te the -
. f?”suureo location inaide the fueility. '"“
wA& z'mnterc from the floer at. the out-_
f?slda wull the avnrage lavcl uns 0 23
3:;imw/hr._ Ths maninum lcvel o! 1. 3 mr’ht'  
_:if;ua again immediately adjament_to tho_-,

iioutcafloeatien 1nwtde thc !hctlity.

Baehground 1n thie atua waa an avarnge _—

G raperted iavels eould be reduced to. 1/6

if che Partlal Occupancy factor. umre applied to :hta uu-v

&Yeﬂ .

B. 0parationa Room, Rnatrieted Area.

v

Rnadings anaida anelouuza in Opatationu :

’jhhoom7

fﬁx the aurfaee of the floor tha averagc .

\

;; lcvel was 0. n mr/hr.,\& naximm level

:5 91 1.38 wr/hr was found at tha deor

2.2

ff }eading into the eﬁpeausp area.
-_ﬁ: 1 meter firom the floor the average -

" level was 0.26 mg/hz, The maximum

level of 1,7% wr/hy wun ‘ounﬁ r ghe

 door leading into the exposura area,

2.3

'At 2 meters from tha floor the average

' 1evnl wae 0.33 mr/hw. Tha wﬂﬁimwm

'&evel of 0.83 mr/hr was ﬂaund at ths
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 lisdes wmﬁ!ﬁs@ in Title m. Code of Fedoral Mgnh- SR
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ot m 7, 1962 (azc $13) amd m

, uwatmny
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woml voago of zha mgasim Rm loeaué m ranv L S
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mzaly 1/16 @ﬂ ehe mem ;mﬁw éwlng a m&
w hmnw work weok,

T‘hié mwz 18 zespsstfully pubmitted.
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6.

(b)

DESCRIPTION OF RADIATION DETECTION

INSTRUMENTS TO BE USED



We have two model CS-40A Nucor Survey Meters, serial numbers

1207 and 1193 manufactured by the Nuclear Corporation of America, and

one survey metef Model 592B serial number 3432 manufactured by the

Victoreen Instrument Company.

A general description of the instruments and their operation follows:

A more specific method of operation is described in the operating procedure.
The Nucor Model CS-40A Survey Meter is a portable, transistorized
ionization chamber type instrument for the detection and measurement
of nuclear radiation caused by the presence of beta and gamma type
radioactivity. It consists of an air ionization chamber, a high-
grain transistorized DC amplifier, a transistorized power supply
and a large 4-1/2 inch indicating meter. The instrument is contained
in an aluminum instrument case measuring 10" x 4-1/2" x 4-3/4"".

Thé instrument rangeé are 0-5, 50, 500, 5,000, and 50,000 mr/hr.

The instrument is powered by a single Mercury battery (Mallery type
RM-42R or equi'valent) providing an operating life in excess of 500
hours. For ease of maintanenace and fabrication the instrument has
been constructed in three sub-assemblies namely: (a) Probe Assembly,

(b) Amplifier, (c) Power Supply Assembly.

Operation of the CS-40A is extremely simple. The instrument has
been calibrated and fully tested -before shipment and the operator need

only adjust the motor ZERO ADJUST on the top of the instrument case
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and select the desired meter range to obtain accurate radiation

measurement., In addition to the OFF and ZERO positions, five |
ranges on which the meter reading is multiplied: by 10,000, 1,000,

100, 10 and 1 are provided giving the instrument the ability to

measure fields ranging from 1 mr/hr to 50 mr/hr. To set the

CS-40A into operation, simply turn the selector switch into the

ZERO position. This applies filament voltage to the electrometer

tube and power to the time delay circuit. Approximately 1.5 seconds
after this voltage has been applied; the power oscillator is energized
and all required voltages are applied to the instrument. In this
position, the ZERO ADJUST control should be adjusted for a zero
meter reading. It is to be noted that in this position the in’strumen‘c
may be zeroed in a radioactive field of any intensity without effecting
the calibration of any of the five ranges. When meter zeroing has been
accomplished, turn the selector switch to the X10,000 position. In
taking measurements, it is always desirable to have the selector switch
set on the position which gives a near mid-scale deflection. This switch -
has been designed so that the first position encountered provides the
highest sealing factor. This prevents the possibility of meter damage
which could result from an excessive amount of radiation sending the
meter pointer rapidly off scale. After it has been determined. that

the amount of radioactivity is not sufficient to reflect the needle near
mid-scale, turn the selector switch to lower ranges until the deflection
is such that fhe most accurate reading is obtained. The reading times

the scaling factor is the amount of radioactivity present in milliroentgens
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pef hour. A mefer sensitivity control is provided at the bottom of
the instrument for calibratio.n‘ of the CS-40A. However, this control
has been preset and normally wili not require readjustment unless
components, other than the b.attery are replaced. Re-calibration
should not be attempted,unleés a known source is available and the
pfoper method known. The écrew-drive: adjustment on the top of
the meter is also preset é.nd"j:'_‘should not be moved unless the meter
needle indicates something o;t::he_r.tban zero with the selector switch

in the OFF position.

The Victoreen Model 592B Survey Meter is a battery operated. ion
chamber instrument fo‘r the ;neasurement of X and gamma radiation
over the range of 1 to 1000 r:;-l-r/hr. ‘Three linear ranges with full
scale sensitivities of 1000, 1'.'__:00 arid. 10 mr/br are provided. A rugged
fiberglass reinforced case house the component and ion.chamber
assembly. The case has a t.op and bottom section held together by two
dzus fasteners. The meter, two controls and a carrying handle are on

the top surface of the instrument.

The meter is graduated from O to 10 mr/hr. The OFF-ON range
selection switch knob and zeroing control knob are located to the left
and right of the carrying hancile at finger tipjreach. Three range
positions, X100, X10 and X1, are marked on the case top. A guard

ring protects the zeroing knob against accidental displacement.
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Reference data:
a. Range 0-10, 0-100, 0-1000 mr/hr.
b. Energy range is 50 kev th 1.3 mev.
c. Accuracy is 10% at full scale (0.50'to 1.3 mev)
d. Battery complement., Three RM-4 mercury cells 1.3
- volts each. Six number 412 Eveready 22.5 volt batteries.

e. Battery life 300 hours.
f. Weight 4-3/4 pounds,
g. Dimensions: 9-7/8 inches by 4-11/16 inches by 4-1/4 inches.

h. Tube complement: One 5886A, one CK5470X and one VS10.

Operating Steps of the Model 592B

a. Turn the range to zero position.

b. Adjust the zero control s0 that the meter reads exactly zero.
In the zero position, the input i'las been switched to a reference
potential and the instrument has been switched to maximum
sensitivity X1, which allows accurate zeroing in a radiation
field.

c. _Turn the range switch to the X100, X10 or X1 range as required

and the instrument will measure gamma radiation in mr/hr.

Each time the instrument is turned off it is advisable to zero the
switches again when a new measurement is made using the X100, X110

ranges. This applies to situations when frequent measurements are

made as in surveys.
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6.

(c)

INSTRUMENT CALIBRATION PROCEDURES



The two Nucor CS-40A and the Victoreen Model 592B survey
instruments are calibrated by St. Louis Testing ILaboratories, Inc.,
2810 Clark, St. Louis, Missouri 63103, The President of this corporation
is Mr. C. D. Trowbridge.

St. Louis Testing Laboratories, Inc. uses a Co 60 isotope of 15 to
25 mc. A minimum of two checks are maae on each scale of the survey
meter in the range of 1.0 to 4000 mr/hr. A statement of calibration is
affixed to the meter at the time of the check. In addition, a formal
certification of calibration is submitted to GSI. If the instrument is out

of calibration, it is repaired and recalibrated.
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6.

(d) PERSONNEL MONITORING EQUIPMENT



We have two Victoreen Minometers, serial numbers 387-2140 and
901 (mbdel No. 687C), used in conjunction with 13 pocket chambers model
3A. The pocket chambers are also manufactured by Victoreen and cover
the range of 0-200 mr. In addition, we have two Bendix dosimeter charges
Model 906, serial numbers 01012 and 00533 used in conjunction with
24 pocket chambers model No. 638. The pocket chambers are also
manufactured by Bendix Corp. and cover the range of 0-200 Roentgens.
In addition, we have 4 personnel radiation monitors Model RT-1 manufactured

by the Eberline Instrument Corp.

Film badges are supplied by the R. S. Landauer, Jr. & Co.,
3920 - 216th Street, Matteson, Illinois, area code 312. Each individual
has his own film badge and the film badge report becomes the permanent

record of the individual's exposure. Forms AEC 4 & 5 are maintained for

each individual.

Blood counts under the supervision of GSI's physician, Dr. J.F.Brennan,

are taken at time of employment and separation.
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6. (e) OPERATING AND EMERGENCY PROCEDURES



General Steel Industries, Inc.
Operation Procedure for Use of Cobalt 60 Radiographic Sources

All "Radiographers'" (as defined in Title 10, Part 31), 24-MEV Betatron,
shall:

1. Read and understand Parts 20 and 31 of Title 10 of the
Code of Federal Regulations.

2. Read and become well acquainted with the Instruction Manual

for the Budd roll-out camera device and the Radionic Panoramic
camera.

3. Read and retain a copy of these Operating Procedures and the
attached Emergency Operating Procedures.

4. Receive instructions in the operation of the exposure device
and receive actual experience in its operation.

5. Receive instructions and procedures from Mr, H. B. Norris.

6. Receive instructions in health physics, monitoring and personnel
monitoring and dosimetry from a physicist from Nuclear Con-
sultants Corporation, or other source including GSI personnel,

Above instructions will include lectures, actual use of exposure devices and
survey instruments, and practical problems, utilizing Appendix A, Part 31,

Title 10, CFR,.as an outline. A copy of this training program is attached
as 6(f). ‘

There will be no transportation of sources or exposure devices to any field
location, nor in fact, shall they be moved from the special radiographic
room within the plant. All records will be maintained by Mr. H. B. Norris
or by the di vision accountant (inventory)in the division accounting department
at the same address.

Only "Radiographers' licensed by the AEC and assigned to this department
shall have keys to the radiographic room and to the exposure device. Under
NO conditions are you to loan or give your key to anyone, regardless of his
position within the company without the direct approval of Mr. Norris. If
your keys are lost or misplaced, notify Mr. Norris of this at once,

All "Radiographers' must wear film badges whenever working around radiation

whether it be x-ray, betatron or the Co 60 sources.
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Operating Procedure for Use of Cobalt-60 Radiographic Sources (Continued)

They must also wear the pocket chambers provided when working with the
Co 60.

A step-by-step procedure which is to be followed by each shift and each man
is tabulated below:

1. Unlock the door to the radiographic room from the outside,
enter and immediately lock the door from the inside. This
is necessary due to the higher than normal noise level in the
plant. A loud siren is located over the door with a push button
activator on the outside for use in the event another radiographer
must enter the room while it is locked from the inside.

2. Place film holder and any other equipment taken into the room
in the small viewing room outside the radiation area (but within
the radiographic room). Using the NRD Model CS-40A survey
meter, make an entrance survey of each exposure device .
(Budd Company's Model 110A Unitron Radiographic Camera),
making certain no sources are exposed.

3. Make the necessary entries in the Utilization and Survey Log.
(See attached sample of log.)

4. Set up exposure film and fix position of source tube. Always
place source as near center of room and as far from the walls
as is practical. Never place source closer than four feet from
the wall unless it is inside the casting. Make certain source
tube is firmly fixed in position required, and that any angle in
tube is not too sharp to prevent easy operation of source within
the tube.

5. Turn on red warning lights. These lights are strategically
located on the top of the exposure room walls, and over the
outside entrance, so that they may easily be observed by any
personnel passing by the area adjacent to the exposure room.

6. Unlock Budd Camera devices.

7. Have castings and camera located so that the control cable may
be operated from behind one of the 4 inch thick armor plate steel
shields separating the radiographic area from the control area.
The control cable shall be maintained behind this shielding at
all times. The source may now be exposed utilizing the control
cable from behind the armor plate shields. Observe the source
position indicator.
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Operating Procedure for Use of Cobalt 60 Radiographic Sources (Continued)

8. Make necessary entries in Utilization and Survey Log.

9. '"Radiographer'' retires to small room outside of radiation
area to time and wait for exposure to be completed. At no
time should he enter the exposure area (forward of the steel
shields) when sources are exposed.

10. After exposure is completed, retract source into source holder
with control cable from behind armor plate shielding.

11. Make an operational survey of the entire area, taking special
note of source tube and camera device.

12. Lock camera device. This should be done even though a second
exposure is to be performed within the next few minutes.

13. Make necessary entries into Utilization and Survey Log. (See
attached)

14, Turn off warning light.

15, Steps No. 3 to No. 14, inclusive, may be repeated from two to
five times before going to lunch, or between trips to the darkroom
and film storage area, or the end of the shift. Darkroom and
office are over 500 yards from exposure room.

16. Before leaving the room, whether to go to lunch or darkroom
or at the end of the shift, a final survey of source holder and

source tube will be made and noted in the log. Be sure to sign
the log.

17. Leave exposure room and lock door from the outside. Never
leave room, even for a few minutes, without locking from the
outside. :

18. A final dosimeter reading will be made and recorded at the end
of each shift. Film badges as noted above will be worn throughout
the eight hour shift, regardless of work being performed.

19. See Emergency Procedure for proper action in case of an emergency.
In case of emergency follow those procedures and call Mr. Norris
at once. His telephone number shall be known to all radiographers
and is always on file in the company guard house which is open
24 hours-a day, 7 days a week, '
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Operating Procedure for Use Of Cobalt 60 Radiographic Source In The
Betatron Room .

All radiographers must wear film badges and pocket chambers provided
whenever working around penetrating radiation, whether it be from the
Betatrons or the Co 60 sources.

1. Unlock the door to the Control Room from the outside, enter
and immediately lock the door. 1In the event another radiographer
must enter the Control Room while it is locked, he will have to
knock on the door.

2. Using the NRD Model CS 40A or the Victoreen Model 592B survey
meter, make an entrance survey of exposure device (Radionic
Panoramic Camera Model P60-100-A) making certain no source
is exposed.

3. Make the necessary entries in the utilization and survey log.

4. Always place the casting as far south as the handling crane will
permit, approximately 54' from the north wall. The casting will
be as close as is practicable to the east wall. Set up the exposure
film and fix the position of the source tube. Make certain the
source tube is firmly fixed in the position required and that any
angle in the tube is not too sharp to prevent movement of the
source within the tube. The Co 60 camera will be set approxi-
mately 3' from the east wall and 32' from the north wall. The
control crank unit will be inside the control room.

5. Turn on red warning lights. These lights are strategically located
at the entrance door to work area and at the double leaf door. Lights

may easily be observed by any personnel passing by the area adjacent
to the exposure room.

6. Unlock the Radionic's camera device.

7. Have casting and camera located so that control cable may be
operated from inside the control room. Observe the source position
indicator.

8. Make the necessary entries in utilization and survey log.

9. Radiographer returns to the Control Room outside the radiation
area to time and wait for the exposure to be completed. At no time

should he enter the exposure area (forward of the 10'0" thick sand
filled wall) when the source is exposed.
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Operating Procedure for Use of Cobalt 60 Radiographic Source in
the Betatron Room (Continued)

10. After the exposure is completed, retract the source into the
camera by means of the control cable from inside the control
room.

11. Make an operational survey of the entire area, taking special
note of source tube and camera device.

12. Lock camera device. This should be done even though a second
exposure is to be performed within the next few minutes.

13. Make necessary entries in the utilization and survey log. (Sce
attached)

14. Turn off warning lights.

15. Steps No. 3 to No. 14 inclusive may be repeated several times
before going to lunch or the end of the shift. Darkroom and
offices are located in the processing area behind the 10' 0"
thick sand filled wall.

16. Before leaving the room, whether to go to lunch or darkroom or
at the end of the shift, a final survey of source holder and source
tube will be made and noted in the log. Be sure to sign the log.

17. Leave exposure room and lock door from -the outside. Never
leave room, even for a few minutes, without locking from the
outside.

18. A final dosimeter reading will be made and recorded at the end
of each shift. Film badges as noted above will be worn throughout
the eight hour shift, regardless of work being performed.

19. See Emergency Procedure for proper action in case of an
emergency. In case of emergency, follow those procedures
and call Mr. H. B. Norris at once. His telephone number
shall be known.to all radiographers, and is always on file in
the company guard house, which is open 24 hours a day, 7 days
a week.
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EMERGENCY OPERATING PROCEDURES

A telephone is located in the small room protected from the radiation
area but within the locked exposure room. Any deviation from normal
operating procedure may be reported to the supervisor in charge of
radiography without the necessity of the radiographer leaving the locked
exposure room. All men handling the source will be radiographers within
the definition of Part 31, Paragraph 31.3.

EMERGENCY NO. 1 SOURCE CANNOT BE RETRACTED INTO THE SOURCE
HOLDER OR THE SURVEY INDICATES THAT IT IS NOT WITHIN THE HOLDER
WHEN IT SHOULD BE., THE RADIOGRAPHER ON DUTY SHALL:

1. The warning lights will be on in conformance with operating
procedure. If the emergency happens at any other time,
turn on warning lights.

2. Call H. B. Norris, by auto call or telephone.

3. Unlock door, leave radiation room, and lock door from the
outside.

4. Using NRD Model CS 40A survey meter, survey area immediately
surrounding radiographic area, and post any area of greater than
5 mr/hr.

5. Maintain vigilance at doorway until Mr. Norris arrives.

THE RADIATION SAFETY OFFICER SHALL

1. Obtain full story, evaluate, rectify if possible.

2. If necessary, call Nuclear Consultants Corporation or the Budd
Company. Exposure room will remain locked and all warning
lights will remain on until area is safe. Radiographer will
maintain personnel vigilance at exposure room door if gravity
of situation warrants.

3. Record will be made of the incident.

4, AEC will be notified, if necessary, in compliance with Title 10,
Part 20, Paragraph 20.403,
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EMERGENCY OPERATING PROCEDURE (Continued)

EMERGENCY NO, 2 POCKET DOSIMETER READS OFF SCALE

. Do not extrapolate.

. Recharge dosimeter, check it after 15 minutes, repeat this

step. If it reads off scale both times, it is probably faulty.

. Develop casting exposure films, see if they have the correct

density with no distortion. Any misalignment of source or
source tube that could result in overexposure would not give
a satisfactory radiograph.

. Check survey instrument. If survey instrument and radiographs

prove to be all right and dosimeter indicates a faulty discharge,
assume dosimeter to be faulty, Use spare dosimeter.

. Call H. B. Norris and notify him of these results for his

evaluation before making any other exposures.

. If above indicates that the apparent overexposurebmay have

actually occurred, send film badge in for processing with
request for an immediate reply by telephone.

. If film badge report substantiates dosimeter reading, the

radiographer will be sent to the corporation doctor with a
full report.

. AEC will be notified in conformance with Title 10, .Part 30,

Paragraph 20.403,
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Radiation Safety Training Program for Industrial Radiographers at
General Steel Industries - Granite City Plant

Conducted by: Messrs. William E. Davis - Plant Metallurgist
Robert W. Ripley - Asst. Plant Metallurgist
H. B. Norris - Manager of Quality Control
J. T. McCrone - Gen'l Foreman Nondestructive Testing
P. Lewis Frazar - Plant Safety Director

I. Fundamentals of Radiation Safety
A. Radiation - 4 hours

atomic structure

isotope and radiation

alpha, beta and gamma
interaction with matter

. x-radiation and gamma radiation

Gl W N

B. Glossary - 2 hours

1. terms - learn them first
2. significance and explanation of

C. Radiation Levels - 2 hours

l. unrestricted area, define, explain dangers in
2. radiation area, define, explain dangers in
3. high radiation area, define, explain dangers in

D. Health Hazards from Radiation - 2 hours

1. whole body effects
2. reversibility and irreversibility
3. skin effect

4. reproductive organs - genetics and future generations
5. effect on blood

+ E. Betatron - 2 hours

theory

operation of

hazards of

radiation from

comparison with gamma from Co 60

safety devices, procedure and explanation of

oN Ut b W~
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F. Methods of Controlling Radiation Dosage - 3 hours

1. time
a. equations
b. explanation

2. distance
a. equations
b. explanation

3. shielding
a. equations, charts and graphs
b. absorption factors
c. half value layers

II. Radiation Detection Instruments - 3 hours
A. Radiation Detection Instruments

1. Nucor CS 40A survey meter
a. principle of operation
b. operation technique
c. limitations
d. calibration

2. Film Badge
a. principle of
b. use of
c. limitations

3. Victoreen Minometer and Pocket Chambers
a. principle of
b. use of
c. limitations

B. Survey Techniques - 3 hours
1. General
a. background and its significance
b. equations
2. Our Operation at GSI

a. technique
b. documentation and records
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III. Radiographic Equipment - 1 hour
A. Budd Company Exposure Device
1. Diagrams
a. explanation
b. limitations
c. advantages
2. Operation of
a. theory
b. our procedure
3. Storage Container
a. requirements
b. qualifications of Budd Co. Device
c. A.E.C. requirements
IV. Procedure - 3 hours

A. Regular Operation Procedure

1. review step by step
2. explanation of

B. Emergency Operating Procedures

1. review step by step
2. explanation of

V. A.E.C. Regulations - 2 hours

A. Title 10,Part 30

1. review
2. explain

B. Title 10, Part 31

1. review
2. explain

C. Title 10, Part 30

l. review
2. explain
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VI.

VII.

VIII.

IX.

Review - 3 hours

Examination - 2 hours

Equipment and Operation Of in the Radiographic Installation Itself
A. Budd Co. Exposure Device

1. Actual operation of, by each individual until he becomes
proficient in its operation.

2. Actual recording of any and all records required by
A.E.C., and GSI.

B. CS 40A Survey Meter

1. Actual operation of, by each individual until he becomes
proficient in its operation.

2. Actual recording of any and all records required by
A.E.C. and GSI.

C. Pocket Chamber and Minometer

1. Actual operation of, by each individual until he becomes
proficient in its operation. '

2. Actual recording of any and all records required by
A.E.C. and GSI.

D. Film Badge

1. Actual practice and full explanation of procedure of receival,
use and mailing to Badge Service Company.

2. Explanation of records required by A.E.C. and GSI.
Four weeks on the job training as an assistant radiographer.

Evaluation utilizing attached '"Radiographers Training Evaluation Form''.
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PERIODIC TRAINING

Periodic training falls into two categories. The first involves possible
changes in equipment, technique, procedure, and AEC regulations, which,
by their very nature makes it mandatory that the radiographer be fully
informed, trained, and competent. The occurrence of these changes is
completely unpredictable. When and if they occur, each radiographer will
receive all necessary training.

REFRESHER INSTRUCTION

The second category consists of refresher instruction in radiation
protection. The radiographer will be given a test, similar to the sample
previously submitted, once each year. If an individual's grade drops below
20% of his previous test grade, he will receive 8 hours of refresher instructions.
covering the area of weakness exposed by his test grade. He will be given a
retest. All test results will be filed for AEC inspection.
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i. millicurie
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PART 1V

RADIOGRAPHERS TRAINING EVALUATION SHEET



' RADIOGRAPHERS TRAINING EVALUATION FORM

NAME

H

._.AGE - e DATE__ _ |
1 Lééture' Tgsf Grade_ | : . i
2 ‘Text Book Test Grade |
3 _PartiCiPation during lle.cture, vcoursé_’
'Cémmehts ' :
' ;A_s,'vol.)ser‘v'ed by | .

" 4, Proficiency at the end 4 weeks in operation of:

A
B
C.
D
E
- F.
G.

. H.

5. Comments,

) Good
. 'Budd Co. Unitrons h

~* Adequate Poor

. Radionic Camera Model P60-100-2

CS-40 A survey Meter

. Victoreen Minometer & pocket chamber -

. GSI Operating Procedure

Simulated Emérgency ProCédure
Number 1 '

Number 2

Utilization log

'Personnel Monitoring Records '

6. Recommendations:

A
B
C

SIGNED

. Additional 2 weeks "on-the-job training'

. Additional academic knowledge

. Qualifies as Radiographer.

TRAINEE —_ RADIATION PROTECTION OFFICER



6.

(g) INTERNAL INSPECTION SYSTEM OR OTHER
MANAGEMENT CONTROL

(h) OVERALL ORGANIZATIONAL STRUCTURE



The Granite City Plant Management Control System was set up
to assure management as well as the A, E.C. that all A,E.C. and Manage-
ment regulations, provisions, and operating procedures are fulfilled by all

personnel concerned.

The control group is headed by Mr. R. L. Lich, President and
General Manager of the Granite City Plant. Mr. Thomas Ditchfield is
the Vice Presideht-Manufacturing reporting to Mr. Lich. Mr. H. B. Norris,
Manager of Quality Control, is the radiation protection officer in direct
supervision of all radiographic procedure’and safety. He reports to

Mr, Ditchfield, who is responsible to Mr. Lich.

Mr. Paul Wertley, Plant Accountant, is responsible to the Vice
President-Manufacturing. His department operates independently of the
nondestructive testing group. Mr. Wertley supervises the actions of
Mr. Howard Wigger who conducts quarterly inventories, maintains records,
and operates a pull-out file to insure compliance with Title 10, Part 31,
concerning calibration of survey instruments and leak tests. He maintains

the following records:

Sections 6 (g) and (h) Page 1
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1. Radiation survey instrument calibration records 3

1104

2. Leak tests certificate 31.105

3. Quarterly inventory records 31.106

.4. Utilization log 31.107
5. Film badge reports 31.203

6. Pocket dosimeter reports 31.203

7. Radiation survey records 31.303

8. Blood count records

In addition, the Plant Safety Director, Mr. P. Lewis Frazar, whé
is responsible to Mr. Russéll Crecelius, Plant Personnel Director, works
in close association with Mr. Norris. Through Mr. Crecelius, the Illinois
State Board of Health is advised of radiation safety and operating procedures.
Correspondence is maintained with State Board of Health in matters relating

to A.E.C. license applications, and radiation instrumentation, as well as

their own requirements.

In the routine of a day's operation, Mr. Norris has direct contact
with the radiographers on duty. Mr. Norris is a nondestructive testing
engineer, having graduated from the University of Wisconsin at Madison,
Wisconsin, His background included consulti.ng work for the A.E.C. He
has spent over twenty years in nondestructive testing including time in charge
of all nondestructive testing at Allis-Chalmers Manufacturing Company and

also time at the Los Alamos Scientific Laboratories in the nondestructive

Sections 6 (g) and (h) Page 2



testing group. He has also been active in the National Society for Non-
destructive Testing. He is at present directly responsible for all phases
of radiography at the Granite City Plant. This includes two 24-mev betatron

installations, three Co 60 isotopes and two low voltage x-ray machines.

The pocket dosimeters are read and recorded atleast once each day,
and the radiation survey record is maintained in compliance with Part
31.303a, band ¢c. Film badge reports are studied, recorded and filed each
week. Operating and Emergency procedures are known by each radiographer.
Copies of these procedures are maintained in the gamma ray enclosure

office and in the radiographer's office.

Mr. P. | Lewis Frazar, Plant Safety Director, arranges individual
blood counts. These tests are performed by the Clinical Laboratories,
St. Louis, Mo., and their report is received and evaluated by Dr. J. F. Brennan,
Granite City Plant Physician, at the plant dispensary. Those reports are also

recorded and a file maintained.

In summary, three separate departments report on different, but well
defined, aspects of radiation safety to the Vice -President-Manufacturing,
thus, acting as checks on each other.

Mr. H. B. Norris - Operating procedure and radiation protection.

Mr. Russell Crecelius - Medical and liaison with the State Borad of
Health of Illinois

Mr, Paul Wertley - Facility inventory and records

Sections 6 (g) and (h) Page 3



6.

(i) LEAK TESTING PROCEDURES



Leak tests are performed in accordance with Part 34, Section
34.25 by St. Louis Testing Laboratories, Inc., 2810 Clark, St. Louis,
Missouri 63103, St. Louis Testing Laboratories conduct these tests

under license #24-00188-03,

Section 6 (i) Page 1



[o——

)
%
L

]

Cnethod we now use to ploture

{
"
N
i

& ua."Jv‘J...-A.‘u 2 O

EARA T VENISETVE o S A ?E‘;. e

P 1
L B ey

7

reguisite. to awy study of suelear radiaticn,

v

wa all wacter s oo aend 0F cioons woick, Joocern

As
consliot of nuclel sursvunded by ocue or mowve elackyvoms. Thoep uibc"rns 8.
5

often called planet cary electrons becouse they ere assgumed o TovVolve Srounc

the nuclel in somevhat the seme maumer 83 Chu planets in ouvr solur system

sun. Whether or wot they do actually vevolve in Chis -

FEA VR imgoxt ast, but by sssuming rhey do we cun euslaln m&ny'“hinrao

The concept that matier 1s diacuntinuous, that it is made uwp of
picticles, caa be traced back as far gs 1000 B.C. Some of the ancient Grecl
pbileaophﬁrﬁ fﬁvoﬁed this view and one of them Democritus 1s usually g;ﬁen
credit for the fixst &ecmié theory. It is suopeolsing thet many of ‘his 1ée&s

Lo be feiviy ercdicable today L they wore wul

wedeleny as there are

B

semsd chat choere sre on many kinds of ateows, {uivla

vericties of mecter, hoe wmade wo distinetlion botwoen atowms i &Z‘LvﬂuJ and ““LGA“W

o

of coupounds. Ouler Cwseks, notubly Avistotle, did not find the ctoule councapt

¢ the watural world end because of his great

&, o, WY e

tho Rewnalssance, Hobext Boyle cad Issee Newton vevived the atomic theory aad

Wiels bohy the wen Wao gave the stom aud criglnated thé

few woaths S7o.
So we way forva a wencal iwsge of a cort of minlature woLor systen,
tho cvomic wmuclous representinn tho oum, the revolving electwyons, thoe pleucts.

& £¢v \oammru,; o Slpuwes way holp “v*@wlﬁuh s dmsge more flwnio Y cho adlad.

'

Uur colar syscen 4o some 4,000,000,000 wilo. s ddemeter whlle o loastas
-l - e

_ é}voib;a£ﬂm9/Jj§;f

3
o

o0



cleciron
v ' .

g

1\..\‘&~
Douiler

[N 7EN

e

S3iy o
o

\ \\;Q/’/H/ /
o “, . /
\“ .

/ .

:
|
}
L,
o
N ..ﬂ'
;

[wen  Floam

Lroic
vy e rs e g
JFCL L >d T

R AT O
clocdron

Tritium Atom

one . proton

two pcdiroms

- ome clectron .

_'/“/G /_/fu'm A tom :1
two '

two

Two

protons

electrons

“o Alphs
weulrons ) Particle

TS

Lithium Atom

‘hree

1v;£hrcc

three

Protons
newt rons
c/‘(gqtr‘ons

L_‘l’(‘. Fium
threce.
thrae

, 't_wo

’L.['_ﬁpn
Protons
peutrons

eléct rons

! ’\ ”~ 7

~

o
L)

it

- !
i

i

1



R 3 . "’»'-w. B LY o ooty . .Q" -‘:p
Ao che golar cyoiean, the sup le far

crounded by electroas @ ﬁ TﬁlﬂtiVLlj great diut&ncea fiam i

of dwspinabion, snd dlscover that 1t w¢15ha z&ﬁ 000 000 tons.

n

bur

"ﬂm iu ebout 160 DGO,uGOtn of a centiwutcr (which ia &bout .4 of an

&3
ih
£
ot

How the uuclous 1 80 swsll th € it wouwd e %a 1 ‘,30 auclei,”

- by side, ta-@gan thio atom,u dimse ger. Agaﬂn cow pa-e& vith cuy zolar gvatem)

-

thy 7300 surs piloced side y azdu would apuﬂ ﬁ% ola “-awatam dlsuzeer. As

heavier thmq all of ‘the glt“vbw Long

go im ¢he atculc system thu aucltua ia hciv1cr by Lar than axi the azbinaé

clectrons coguthor, Im aii the mtumﬁ, axcggh hydroben, t“& ausloes outw&igh

s &il Lﬁﬂ Urmiﬁal LlﬂCuIGﬁﬂ tcgbthur.

by wove thaa 3700 tinm lhu uhom, tnhx@

“fore, cau@iaﬁs’mu iy of ﬁp ca, a tiny 1ncumwrahendib1y duhde nucluun aur-

worty ::

b ubu,&m/ Ok hu uuax HF] na Lnother fiau“ﬂ thuﬂ e S uompruhmﬁﬁ

we ran u.g/r E5)

0

.us as. followa- -2, 4 % LGIQ grams pe ax C€3; Thls hma

with & wore &wwiliar ﬂUjLCL %athﬁmatically_ﬁ

la u&ﬂ*“‘mu*uuu-uuxuus we picture a eiﬂﬁlt cubiu centimct»., {x/EG cubic
materiel of this de nsity, plmcu'la on a mC&l@,_th”@Ubh our powbra

Thia will’f&tigue

svisen of an aton snd solar

system;, we will next

P P o iy G g ey 98 g W oo d U o i (s
Caltie wp che foros thon bolds thaen Log@thc5, in the soloy ayauuﬁm che planets
P T S - . R e -
Lhdé Lol ok it o V’J« Sy, WALTENRS Lo us.- GUUH o QOYTee
A e ep o 5 [ P N iva- S £ l] Gy 03 2y o e e em o fof e By w
RQY T b wml WalQUTOHI BALA DOOECSH LOININLVE COlYECY.

Yiw uucleus of tho ctow lo always positively charged, Simcw opﬁoai:e'elactrical

chewgss attvact, bho sloeetrony awe tht la amuﬁr orbiua n] thu mt&r&ctive elecs
Cricul force boetucon the aucleuws amd ¢}

¥ §) \..-u..v...u..udu .

e moy ol b iﬂguvam*“ 1w sayiay chat ateale ener sy 1o o mlsncser.

> T e o P et e 1, o -

Lbowic emevpy Lo choniledd ensigyy tha ﬁ:w 2 &

D o Fi- e bn v ey e ks T 3w “. IR N e o

which fom ali our Wl LU Lo Euo uanpy vakanaosd AN CORRABLLGN LR ineturcu.
. = ;

-

i i e



7 - ave often copedble of great wraoth and fury, The devastovien of Wizoesh )

i . o -y N - . .
;".'»'\ . ,“" . . ' . ’
: - o 3 o, oy P o » 2 Seven . . e v Se G e e e e o . T et T R g ew U S

R Baguesaid bear ample witness 2o whal happous when the muclous Ls Jdicterbed,
1 1z chould, therefovae, follow thol what has been cnllod
. P bl

- is sctually muclesy energy. The ters atewmic ensrgy bes cpoe fodo smooh svmtal
L, | tT- hawaver, ﬁhatAit'han gained wido acceptance even in peleatiiic civeles,
[ -and g0 wa hava iha Wﬁited Sea s Ccmmiﬁmiom, which is *ea"‘j con~ -
t ’ . :
| .

P g d] Y , " bN P U TN U STV SV SRUR )
‘Yatls rac@ntly tiae cobtail wauaber of koowd tlements wis bbourit Lo bo

92, with kydrogen (“b-th@ 1ighﬁﬂaﬁ9 and wraium {U) uﬁm icayicut. Liow, over

R 100 elem@nta have bean identified,
'f;: All @tcmﬁ excopt or inury h/duazeq cautain primaruly tbfmc alcmon &fy
-

} 1 ;f”'f"_revo1ving in orbit mroumd tha nucl@uﬁ. Ordimdry hydroL doeam”@ caﬁtﬂim a
- E 'neutrong Sea Table I for chaxactnristica of theae particl@w.

Durinw ﬁh@ p@at twv d@cadau ﬁhe idha of an mtom cowmimting ot thre

v

“t&v“ and pomitive charga. Howav&r, f@r nuk @urpas@ wa will comtimuw to uaa

TABLE I

};mama.‘ }fff~325561 | Electrical ch&rg@ A Hasa

- Blectrom .- éh‘:-' _ ‘Ncgmtiva' -1 -.'_f 0.000548 mu.@
“Protom P Positive - #1 ,,1,,“1 007575 wu-
:Reutrom f w QLﬂI ¥;v’}: Nqnew-w.' PR 1 00893 mu

% An atomic mass. unlt (mu). is 1.6 x 10“2&‘gtmms ox f”fl?
.000,000 000 000,000 000,000'001 5 grama t-«' ‘

g s p

*particles.'*he n@atroa and pranwn WhiCh are in the mucieaﬂy ﬂnd t&m electroa‘l

%aprxmary particlea ezplod@d &1ong witu the &mam itaalf, dozena of new p&;&iclﬂa
o h&ve been discovered and partiﬂlms such ma th@ neutron are now thaught to ba I

.;much mnza com@licmt@d and compl@u &han thm @Rd {20 yearm mgo) theexy aﬁ a n@ga—né7'

T Rt




Qh&miﬂﬁll’ﬂC“’V &

- _
c O, i DiET

|

b . .

G B - | B - o -,

) N . the mue.ody i LT I AN

o : : : |

L reaz 50“81“3 thomselves quite eusily,  Thoese electesns il o di RN G
] o - 3 _
N ausut the nucleus, there moy be wore ordn o

i i " .

- aclar sya“cm in wa»<u thore is only i

C 1 03. bitﬂ 0‘: Woners 1974 ?LC'."V elsh KRR e ] Sery e
B (o4 . S8 DL [ Ty |

i R - - ' ; v o :

level it becumga “ull aud obher Lovelds wro CLEGLd oo

[

‘sud- this srocecs continued untll wo ks

”he outernost nioLw O
. HL
o =
. distance from bhe s 1eu Tho wucleus doos mob sbivocd the owber wlechyoens
e ‘38 otrongly ns,thoue:thm& 11& R oLEoups nesr thoe center. (ho electrons fu the
2 . ‘ :
R v'autﬁrmust encypy 1&VL1 poaam 5B tha hl”h@ﬂh ane xa», thoge In Che excrpy ievel
i | | |
. ncarest the nuclaua the loweau.
A S
N The chemicml «eactionﬂ of ‘elements are & recult of the ¢lud Lron con-j
S . . - . .
A . | . : o
N ’ figuratian. ‘For.all exccpt the 1ight_alementa, hydroge 0 and . hmlxum, tha ouuaa-
B most group of alectrona require @ight electrong.’ If ¢his g:oup coaL&ina oul;
ot

l.5unb, two or h*au electrena, the atom is Gore likely &o wan thtﬂ e Gcm“f:

"ﬂ oth@%"atbm'tna&‘ agt racta them more at&owgly. If the cuteraa ¢ group contaiﬂaif"
fri¢i -“s'f aix or aevé1 eauctnana the tundancy is to ucquﬁre on@ or two ulﬁctsoa§. -ifﬂ
Q%i- -  A1iLe mraon thy'outermoat luvel contaima 8 axectroas it is cmwmicmlly 1ner£._f;ifi'
{k;?-?iff”g "his 18 the basis for the forma inn of “innic compouuda, comsi table aalt
-.:' S buimg a good cxample. | | '
_jf Rath@r than Eivé up or attracc elcctzona Bome. ulumauts w;th éne o“;ﬁ“”

':two electzaua will combine with an 1ement with @l or geven de Lnbj will mha"

. ona,ot'twb élacttonu,"thihfib;a’covmlcnt campmund; Vater {3 en mxample.e,so 

n?ffﬂf*-'f ag we can sea orbital electrona "g@t aroumd“
N “Tae nuclei, by coﬂparisona are. d“il aﬂd “1“5313h° bue ““‘“ “r°"“°d
AR S R T S ‘ '
-' 3; 1‘,'\“"“” * ’ '~>_A3.
5. O LR 3- '
B




.ii. NO. 10_

Ny
¢

LWt

uamm cc_Jiamﬁﬁama un& mumb@r of almct"@mm vary wi th the eluw,“c,

aach @Rawmm& oo it owa combimu @m."Im ordar to %m*@lac&racally nautr&l,

'*ﬂi'dm atom wust camﬁaim &ha sa=o mumber of p@mitivaly chmrgmd par ticlaa (ptot6hu)‘

in Lha muclmum 28 ROZ a&iva paw*iclaa dal@ﬁtﬁammy in ﬂ&a orbits Ehe rewuval

’ af an al@ce rou froa the @Ebit pt@dmcmm cm i@n puﬂr. Thm f”“a eiectron ia the

-

f  me@ativm i@m and tha remmﬂnimm portiow of th@ atmn, th@ poaitivu ion.. araying1f;'

-k . :,

Wt

fmydrag@ﬂ is wbt:omly theili@ht@ﬂt elem@nt,ﬂbu&.ita.atom ie,hlao~the~

-uimplemt. ﬂa ohowa - ﬂn Drmwin“ N@. 1, 1& conmi@tm of & nuclmua with a uingle

| al@ctroﬁ ravalvﬁn@ arcund it. The’ nuclaud of the hydra@wm atom 18 onm o£ the

'fundamamtml pdkﬁﬂu-@ﬂ @f the atom, it-is the yr@tom e hava already m@ntioned.

& stedy of Drawina Wo. 1. ravmalm thmt wa have o wove hydrogeu atoma

T_'»allad dauturin& end tricium, whom@ nuclai &o com&aﬂu meutrona. The nucleus of

5  dmuteriwnw callﬁﬂ heavy hj&r@g@n (d@ut@ti@m mmd tritium iu highar than nntural

uomcenta&tiaua ﬁm wa%er (ﬂzo) impmr&a tha mmmﬂ haavy wat@w, prim&rily becnuae :

it mmkma th@ vater hadviav ﬁhan nmtural watur) hmm tha sema chmrge aa tha nucleum
. of &hm hjdxugmu mtum. hwﬁ &wicm its mmma, ihis ﬂm~ﬁxplmined on tha aaaumption -

‘ “_thmt thave @g#gﬁa oo tho ﬂaumwwﬁmm nuclauu mmo&a@w pﬁfﬁkclﬂ haviug the wWI36 of

the prot@mﬂ,hm@ oty eh&wﬁm. his particke is cmliwd Eﬂ@ neutron. The-deutarium

atea 1 chomfeally . Lu BRG o9 tha hy&r@ od ateR aﬂumu ammhk&@ ch@ ‘same ne

- nositive charge on the muclous u%d uL@ S GUEICT of orbital mlectrOus (in

whle Ceso ona). Tho fue atvums diifer la L&u*L waighm, m&uk@ um-bﬁi.% xwﬁcc

Cthe wase of hydregen ond ara m“mmuéwr@ ism' yem. Dotk are hyd;aqbn imotapam'

wa do mot say cna ﬂa a mgrmml ﬂydwoW@m aton aund mhm a&h@ i@ m hydrOg@m';amtmpu.V

“Too abeos wﬁﬂcﬂ h&v& th@ @amm >“w;iu nunber (@ uxbar oﬁ @tbital @lectrou  but

dlidor da ateule s ,iwhe ﬂrJ em¢1¢ﬁ im@u@qu.

I

a RN

A thdwd otom eniote lo naturo ¢u i mwuuedlmuay ol 11 quﬂntﬁty, wisd eh

e WP R :
| 5 TP S U L S ITONE. B
R SR Ty La-i@uuwﬁd_@g ﬂVﬂE

deo E»",ﬁmﬂm mm@m contalag two muutruwd :



. &
| E——

I

S ¥ thum th "G tl“am £h a& oﬁ tha uy&rowem NmoJ, alamuuah th@ tu ars chagi;z

o of nuclel with yawyiug_mu‘

"_a1d omvlﬁroteﬂ iu &ha uylmum wﬁth @mm @rbi&ai @luctxcm.a pigeas B3 ‘of tu¢u SRLT

. ‘_/'... .

{indiat nuuishabla. Laaac aza natwrally uccurximg‘ﬂmat@»uo, tal& ia't:d104;~

'7]&ctiva, e@ittirw & “Lum gartacim, &u@ oLhar tua ey uﬁ&bie.

&mu £o W L@uﬁihﬂ@ @nu at@mic uC”Lﬁﬁ%?ﬂ'@ﬂcﬂ@ﬂﬁ:Wﬂﬂﬁ'Ctﬁplﬁx;' SludTeely,

Elthc urmniua ata : iuts ox a cc’plcx mu cwa ecutwimﬁmg 9 pnotcnsa lmé neus.

rana. amd wit ele traﬁa in mcvcm di Jt.orbitm EéVO&VlMJ Aroun& $

'1B¢ﬁW@Gm thesa thre:&a, axl th@ other aﬁcwwu zxang aﬂaVur' &wi@; ctC;ﬁccusictf“i

?wxu &g ouuctru;a ‘uvonvi"* azaum& tu-“-   o

ndor oi ouz diuuhaﬂicu wE &t@mié

f&s_fciﬂ'

© fled by am ewple 'niuu ox tha ayauold t“mn u¢a coazaﬂ¢y us Gﬁb

‘& - Ateude mumspws Yme munbe~ a& aza&@mm lm tha muciuuc 05 am a-umufy

Thiﬁzmumb@r~ﬂd@mmiii@a ﬁﬁ-ﬁﬁ@mamh;- An =3 a;udplap all a&c 23 of sodlta havc

7_£_mguhar.of i, Ho ouhew elc;mmt haﬂ 11 pnot@m& im itm mucleum.~
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lbf.ﬁﬁe.gicosg; - 270059 | 27C§60v 'wé'néwjk§v¢‘am_imbtapu of Coﬁélt
'thaﬁﬁia enotable apd thua'r@dioaéti?e. ‘whenf@h é;&m 6f'276560 éé;ayé’iﬁ b~
conds gaﬂiéokin'tbe’iélldﬁidg Emahiom.--?ﬁé.270o60 ia'ﬁbw in 8 highly 6tre$mad
'énd'mgitatcd stace, in its cffoﬁt td becGﬁ@'ktable it emitsya Béta pmrticlé

{clectron ft @ the aucl@us) ulactrona cniut im thm nucleus au vmrt of the

'neutranag thuch@va wuen ona i@ mxpalled thm n@utron then becca&a a- / one

cha rged pmrticxu or proton.' Thia'&tom now has’oné_nerproton plus itm noraal

2,;27, a tothl of 26.' Yhe only element with 28 protona “in 1t3 nuuleua ia nickel

.th@ atcm is mov a nicmel Loa, it soon picks up an elactron ia its outer ahell

&0 &'stable iaotOPevof Ni. - Gammm rnya are nlmo emitted during

mn& beccmaa gkl

 'th£a transt'“utiwn, but they hnve no nnaa or ntomic number. They are a re-

.sult of the reorganivation of the ﬁewly formed Ni nucleus._ Thua it may not be

'incorrect to 8a y that the cobalt decaya to. nickel through the me&ium of beta
"amimmiow and the rawmltmnc nickel atom @mita the 5amma radﬂmtion during tta'

‘firﬁt fow seconds of Rif@. ﬂrmwingvmo.’z.

“his apmm;emt mobility of the alectronu may ueem difficult to undcr-v 

-ata%up so lat’c wes 1f we cam't e: piain it by &a mnmlogj.

Blacirous conm ba menuvmé Lrowm &&C“d by &cverua [FELEER aach asg h@&tiﬂn

b}

o filomens dmown s-vay cochine op aimp;y by rﬁhbimg a atick-af S¢wling-wnx'wita

Cflesmel.  Seme of Cho electrons dvca the quMJ in taa flanuel ave rubbed o“x,
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eeithed im gwnmma with all particles aaviaf Che Bana inkmldl

v_dtoma-in’thia fachion éoes-not fuﬁd&maﬁtmliy alter the ﬁﬁtufawof the atowJ.'
"Of the total nu:hac of atoma in any wubatanca, the nnmbar that caa be. remavcd

'.'Tiin this way or in any other w&y, is @xtramaly small.

1f a Vgry 1argc number of electrons wera so rcmoved, the electron

‘ potentiml batuecn the tuo subutancea uould ba 50 3reat Lhat an ulectricml
::dimcbarga (mpmru) wauld tnke pl&ce to b"inw mbout neutralization. This in-whac'

: tahca place in a thuwderstorm. It im tnuw an electrical force of nttraction ' 

hat movau the electrona. fIhﬂu i gu of a miniatura aolar nystem composed

"ff.maetly of empty npﬁce, with el@ctrona and other pmrticlaa ahooting hither and

:fijon like comﬂtu thxough the sky will be very helpful 1o understandiﬂg radiation:: 
 and its inter&ctiﬁn with'matter. And uow b@xora our naw potential is aparﬁed

_7 ;wu shall procecd to the t&ree forms of rz diataon cmitted trcmaadioactive iao-"
'r:"topas. Eh uhall emplore Alphn and E@ta briufly and becausa wa will uae gamma

‘-radiation ve will cover it moxe axtemsiv&lj.

| Radiatiom edinating from aither uuturmlly occurring or artifically

rproduced radicuctive isotop@s fall in&o twm cmtegoriea, paxticle nnd electro-"

;mmgnetic. Alpla and B@ta are pmrticulata, g&mmn is elactromagnetic.

Alpnm pmrticlea are pomitivaly chmrg@d and consimt of two protona‘v

B and'twb-neutxonu. ic i th@ holium nucluuag relatively hoavy, &bouc 7000
_'tbuwa the uaas of a buta pmrticlc, and tr avels with an average mpeed l/lo tbat
Tof 14 pht. ey owe slightly daﬁle gl ~cy a mmgmebic ﬁi@l& aad im a dixectien o

: e s g €] G n iy ey pw 87 o A oo D )
ponwalia o betn pavticles,

.....

wnd atomde num;&w'iw xaducedby two units zad tho mess by four units. Alpha

Es

Cparticls ezisciva in conmection with radicactive transforwstiua io limited

aluost excluslvely to clemonts of high &t@mic arUNGlTat o &1@ha particles are

I

]

By Therefara,

gho dlstomco thad the yautlciuw ia @ garhieu&ar grnup tYqul buAura loaing

nﬂu




‘ sufficien: kinetic energy thnt they no- longer producu ionizm*ien ig. app;oxi-l

macely the same. They are monoenergetic.: As they mova through a medium che’

'loss of energy due to ibniZation occnra'in-amall nt@ns,;aach step repreaencing'

,f the result of interuction with atoms of- the madium.

If tha ulﬂha partiele 3hou1d hapan to m»ke & diruch nit witﬂ ﬁhe’”

fnucleua of one of the atoma,. the nucleua way bu diarupted producing artif¢cin1
'diuintegration; Gnly a very few’ of uuch colliaiona nctumlly occu;.'
Thw ulpha particla may- aluo be . thought of as a doubla poaitive charged

~don. When their vclocitiem hBVm bcen reduced greacly, thej rucawture thair two_>

~orbital electrons and:are converted to_hmlium atoms.

The term “specific fonization" is'appliéd tO‘th@ ﬁumber of ion pairs

per-cemtimater produced by én alpha pmtticle. Meaaureﬁehtu reveal that-ﬁhis

'3;vnlua vmrie@ with the velocity of tha alpha particle and is in general higher

for the lowar v»iacitias.
“St@pping powez" is dexined as the reducc;on in the emergent range
‘praduced when a besw of alpha particlem travarscs a iayer of mauerial A
sheet of wics Luxckn@sm 1 mg./cmz will reduce the emergaut ranga of alphu -
‘ articles inci Ldent on’ it by ayproxlmataly 1 cw in air and therefore, has a
siopplng power for alpna'pmrticlaa of 1 cm. Thia'powat variea somewhat with

che veloelty of Che glpha particlé, the actual variation being of a greater

mognitude foy cubotances of high atomic w»gunt.

The eose with which alvha Qﬁfiﬁuiﬂﬁ wmEY be stopped can actually de
taermed 4 drawback, If an alpha amitt@r iz uninowingly spilled an.a_table top,

$;d a coat of palnt is epplied, the paﬂmt will mot allow the radiatiom to be

detccted.  Later as the yaawt {Amu¢5 aund ;ailu oft, it may have the: alpha &mit-

ter fmdeded da the undﬁrﬁldﬁ.. It could thus be dang@tous and exist for an

. 4
eudensive pericd of Tima before detection.
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The most ourious hazard in connection w1th substznces bmitting a;;na

=radiation arimcn whcn theae aubatances are tnken into the body. 'dhen these
T suostanccs are ingested or are otherwise asaimilnted into the Dooy and are thcm‘
ﬂilocalized by biologicnl accions into particular tissuea, thesc tisaues are ex-
..poaed at close rmngc -to the powerful bombardmunt of this dc18ulj ionizing
”t:rudintion. 1f txe alpha emitter doeu not alﬁo emit gnmma *adiauion, ;hare is
;no nathod of dutccting ita presence until ics too laCe, unlesa itd a mﬂterinl

7“'that is tapidly eliminated from the body by natural action.

Beta particles are nevative charged electrona emitted by tne nucleua

.fvoﬁ an atom and ruaulting in a nucleus with an increaae of 01e uﬂLt of charge,
' :the atomic nuzber 1is- increased oné unit mnd tha mass number of thu aCOm tumaina*

_’unchanged. In a mavnetic field chey ara deflected to a greater degree than

‘dlphs<partic1es._ Beta radiation ia not as eaaily stopped as . alpha, are not

';monoenergctic, and at high energy lcvels travel with che speed of light. At

lowaexr enecgy lavels the velocity is only about 20% that of light. ‘At the same,f

s

‘cn&rgy level LhL/ will do 1asa dﬂmuge than mlpha.‘ fheae beta pdrticles form a
- continuous spactea o& energy levala, -and tkeir quoted enexgy in ﬂEV s is usuallyv

',thu maximum of thals spectrum,.the average is uaually about 1/3 of the maximum.

»An'elwctron'and a bctm particle are'identical'except by dgfinit;on.‘
The term “beta vay" or "beta particle™ refers only to the electrons ejected

from the nucleus of an atowm. Although these electrons are not consldered at

pregeat to be coastituents of the nucleus as separate entities, they are formed

when the nucleus undergoes vadioactive disintegration. Therefore, they are to

ve distinguicuced fvom “comvaraion wlectrons® which are also emitted by various

rudio active substances but mﬁ;ch sre orbital slectrons of the outer atomic’
‘stuiucture that hmva beon ﬂjﬂcted by nuclmar gdmma rmym.v Tha prwpertied'of these
two forma of lduuutLOH ara idunt cal for the sdme V@locitzba of the particles.

”Hawav&r, glace guuma Tays are tha raault of uuc1a4r truaaitloas’ {xom one x-vui
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'ta -another, they are mmitted with Sharply defined enargiea; and thia‘accauuts

for the converaioa cxuctronu emitted in- snm“ply de fxne w«uup¢ Te Jultlng fu e

G-

1 beta‘ray 1ine apectra'rather than a continuous'epectrar

Gamma :adi“tion is of the type callcd eiecbromagmutic 'udiafidn and'

" covers a range ut oabmumena frcm radio waves turough lighe rays to = mnd BF:)

ray3¢ This rudlmt¢on is not associated with matter but reprua te tne prOpa~

o gatxoa of cne;"v thouwn Syuce at tha. rate of 186 000 milas er sucowd In
: contrnst to LﬁChuﬂLbul waves. au»h aa aound waves wblch txavel tn*ough a materias

’-:xmedium such as alr ox water, aluctromagnutic waves traval through cmpty apacc

 _Siﬁhm ic ia diLff Lcult to visualize a wave as traveling witﬁout a mﬁdium, ég
. hypotuetical wedium called the ether has becn aaaumed Ragar less of the":
7*,validity of thia aaaumption, the "Wavc" exolanationof electromagngtic rndiation‘v

f' is uacful in explaining known phcnomena and iu predicting others.

In COWLOoTN with a11 wnve propagacion there is 2 "wave lcngch" which

'  is the distance froa cxest to crest ox trough to trough or to be more exacc,

thu distance between two pointa in the mcdium which are under similar distor-"

' tion by the wave. “Here is alao a “velOgity" of propagacion through the medium
':-and a "frequeqcy“ wi»h which the waves. pa,n any point in t\c a»dium.  The§ev

*~quuntlt1es are relnted thua' vwlocity . ;rcqucncy x wave lunath.

Electromagnetic radiatlon may aiao-bm @xplalnﬂd as the transmi oia

[4231

of bundles of energy called photonas. This wazd is not e bg con*uscd w* ch ghe

. word protom, they are not the some creaturm; ﬂe;t&in phuno wena connected wxhh
'wlwctromagnetic radlation cun be. ehplained ®ROY G raadily on - the basis of bundles

cof energy or pnoﬁona._ fhe two vimwpoint@ lisve been wall Lon"alutad and ach

ada to sexve ita speci‘ic purpoue.

M,Tha electromagnetic nyectrum vefera to & lioting of the various wave
Yeug

-

ths of ﬁltutioah’””LuC vadlation. Drawing No. 3.
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L length. They diffe: in the manner in which tHeY are ‘produced

o of the atom, or its number..

g ‘o:ganizacion of
' of that elemunt and doesn t changa.-

'-”cObulz 60

morter, -”%ey &r

‘Athia radiation passes through matter?"

. steps, losas_apecd

-b; ““vbmastrmhthna“ uf£e°5~

_It'caﬁ beléepgtd§é§ inCOfgéégfg; divia1oﬁs-Aééegdinﬁ‘on the w#Qé-:'”
.*iéngth aﬁd on'the wéy~tha»fhaiati§n ihﬁérabta-with-méctéf; These divisionu
.varlap CO a cert&in exteﬁt and the boundariea of the azviniona are not ah- D
Thg wave lengtns on the chart mra expressed in angst.om Unatﬁ, each anuaLxcm

' uuit is equul to 10-8 centimctara or .000 600, 01 centimeucra (cm)

Gamma raya are. identical in natura with x-rﬁja of Lhe same wave

originatea in the nucleus of an atom, it dousn't significantly cnange the mass.

"

the nuwly formed nucleus, or at the instant of'fiasion of a

nécléﬁa...Tha

In 0060 for instnnca there -are’ two gamma
rays ‘1. 17 and 1.33 M E. V. Thia isvalwaya_thevenergy_of gamma radiatiqn from
n-xaya are produced whenever fast moving electrons are’ stopped by

@ produced by “bremsstrahlun"" effect on the trunaition of

-veluctrona from ona o;bitnl cnerhy state to one of a IOer en»rg; st&te.-:'

By now we should know ubout the origin or the three forms of radia- 

‘tion and some of theilr pzoperties.- Tha queation arines, "What happens when S

We know that a heavy sheet of paper

epa alpha articles completely,.a.couple hu‘ red sheetﬂ will stop beta, but.'

Samn radia;ionvia nevar comglac ‘y absorbed.
Vcry bl ef13 'alpha radiation 1oaizea mattex givin0 up nnergy in amall

’ xinally picks up two elgctrons, mnd is thqﬂ convetted,into

' thQ element hellum.

© Lota ra&intidn also interacts by ionizationm but at & lower rate, and -

Absorptlon 1w ahmoat'@xponautigl; but at very slow

Pt
[ 0]
3

EGamma.radiatioﬁ.,
It is uaually thought of as thu :e&ulc of thc re= -

ergy of the gammn radiatxon from an iao»opa is charucceriscicj.'
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speeds the abaorption curve drops to zcro. Interactionis much moro comolicated.. -

than alpha due 1n pnrt to the grenter range of energy levels.‘ In any evunt,_..

| both alpha and betn radimtion are thus completoly absorbed and fully stopped
3 by matter. | |
Gamma radi&tion behavos in’ a differcat manne:. A aingle photon p&5368 

unaltered by numerous atoms until by chance it interacta with an ‘atom and trans-:d"

fers part or all. of its enorgy to a part of it, usually an electron.: The ."“

Vt'primary beam or rny of radiation is, therefore, not gradually &bsorbed as
o charged particles are, but rather it ia gradually attenuated or decreasad in ’

intensity as photons diaappeur from it. Complota attenuation ia never attained :

- :for gammn radiution.

Beoauso gumma radiution is tha typa ve are moat concerned with, we

. -shall 1nvestigate it a little moxe extansively.

When low frequency gammn rays pass through Lha henvier elementa the

":predominatu procoas is the ejection of photo electrons (similar to alpha and

: beta ionizntion) For tha highet frequencies and lightar elements the Compton

affact occurs.

. Fox the exceedingly high frequencics (Véry ohort wave 1ohgthj electron

 pair production results.

in the- pﬂOLO eltctron or ioniaation effect, 2 photon of gamma radia-

‘tion ejects &n Ll&CtTOﬁ from an atom. lht nhoton ia absorbed, and ceases to

exist, part of &L& cntrvy is conoumed in the ojectiow proceaa, tue remaindcr

iuparts kinotic energy to the photo eléctron (negative ion); -The.remainder

ok the ntom (micus ont elettron) is no longtr electrically neutral it carrion

o a poaitive charge and is thus a ponitivo ioﬁ.‘ The two, poaitiva aud negac-va L

ivud, nay bo cdlltd an lon pair, but do not confuae thtm wich puir productiou

/7

: hjLLh is another quite difforont reﬂult of guxaa radiation intntaction with

ELOEOT,

- 13 -
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thia interaction namma or % :adiation approaches a free el ctron (one;thétfi*

Lchwrged alectron {yﬁﬂitron)»iﬁ Cowaed.  Thi

The Ccmutun Effecc waa aiacovcred by Arthur H. Comptan of Wask (i oa:

{‘J

Univecsity in Su; Louis., It ia thu principle means, by which a—r@y (that id

L hxgh frequenc; light wuvcs on tne order of I M.E V.) lose »helr Lﬁe y,yﬂIn

B not bound to an atum) or an elcctrow thnt is loosely he;d Ly ics atoﬁ;-xﬁg'hﬁat
xi pnoton abproachts the electron it imnarts uoma o‘ ita encr j to thu elect:on
'{.and deflects it. ‘ia eleutron is called # “recoil electron" the photon of
'é gamma or x radiation then proceeds in a changed direction with "educed ener°;, 

and incremsed wave lengtha It may suffer several collia*ona of tHis kind be« -

fote it finally &uCLH@B from tha matter it 1g pasaing through or au;fer

 4»011ision ot the photo elactric type and diaappear.

Becausu tha photon changea direction with aach Compton type colLi-

. ‘sion, it may eventuallj reach ‘the surface of the matter and be traveling in-
”_;’che opposite dir ection to that whenin entered aqd thus be acattered backwards;.
| The recoil elecﬁrow way collide wich atama ejc;ting other electrons. 
7If the electrons happen to bé Ahmav«d froQ che iﬂncr orbiua of LLP mtomé,-.‘

 upon returning Lo nm:m&l5 the energy is 2adiated an‘tharacteristic x-rayas

The third type of in;araction becweenueleqttomagnetic radiation‘a&’
tt X iﬂ Cuﬁiyd saly roéuatioma .Pair ﬂlUﬂdCuiﬁn and ita agubmyk¢ance aa~
N ‘

nihilatdion rediution ls Lhe muu& ILCLMtif discover@d und_ma&t‘ccmplex of ail,

i connot occur in ewmpty space, bul reﬁuireé‘matﬁer; it uwsually occcurs im

 the deighborhood of = nuclauma' Tae highesa CHETEY 4hot0na forﬁed'in'cosmié
-:éja lose thelr ener 1mouu cumpl&mely uy thia proceas. As thie high ene:gy_:
1phat@n'&pptoach¢$ the nucl us 1t iupafta'enough »nurgy (it CLQBEE to exiﬂt

 ‘in ¢h¢ procgéa) éo a Ynegative bn»rvy utagg" electron ﬂnd co raise 1t to a

pocitlve energy state {but &Lilm a umgutiv& »uarwc) in Lh@ process a poait&a»

ic iz celled pai- U»Qub@t&ﬂﬂ, pOSLuLGW
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“.."and electrom. The position canmot exist for more than a millionth or 8o of

a second, it mcets on electron almcat_instantly’and the two are annihilﬁtéé;.

‘In annihilacion an amount equal to two electron massezs dizappeavs

o gumma vadiacion.

“ 15 =

W
o
; &

0.

H
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 and’when mass disappears some form of ‘emexgy must appedr. Thib energy appears
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'“‘bf.metal which’can”be suCcésafully radio ;aphbd As‘the cnex

< can penetrate muck greater ateel 1ickneds than the lowe '4ﬁer"ytof I3
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Wow chat we know scmethiag about the baaic'nature'o“ gowma radla-
tion, we will cee Low they ave u;iil"”d in ifwdustrial radiograpuy.

The cnergy of g ”ma quJ Gﬂlttbu by an iUOtOVL is an indlcatioun of

'its nuneLrutir “power. and ia measured in B, E V Penetrating powes ia.importantf

tb the radiographer because Lt eﬁtablisncm 1imitations «ovc;nlub che thiuknnsa

T8y ot ﬂ.L V.»level

of radiation inc;;auca 80 does the pgnetratin power. Cu Y with e nigh energy

::192 foz -

iaatahce; Th&_CobO with the hibhnr cnergy w;ll alao glve a 8hOLLnr exposurc'

19z .. .

time than 1r on the same tniCKGLSS of dteel.

i

The gaxmu' ray energ y also eff ec;s Lne quality of ;adio"rapha 11 thut

'  it lnfluGW* 8 :hq_ovcrall contraat. An inc1caae in the e;er y ‘of ladiat&on
f1¢mugesfan assoclate dgcrease in radiographic contrast. If two expoaures are
mhde=of ﬁhevaame-objmct one with 1ow energy (Irlgz) and nigh energy (0060),

: theru would be an appa ~nnL nmd relative lack of cantrast in the film expoaed

60

Since the ganna vy energies of radiolsctopes differ from one another .
and -since energy diractly Influences both exposure timé'and_évéfall éontrabt;éf'

‘mwo one isotope cua be used universally to cope with.all,radiobrawu&u situatimns.’

it should be well understood Lhat this variation of chtr&st is a watter wf the

intexaction berween the radiation and the'material being "&dio"fNJ; d. The
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. ness &if;erenc 25 . gradually decréaacﬁ for ail wmal ials as thc RLIXEY - of rauiaé

clon increases. Contréﬁt';a al o a 4r0pu ty of a film Gmuldmuﬂ. It'doeén‘ﬁ.,

“7 fram one Lilm to aa utuu -but fivom one mype‘to another. Unually'ab the
- opesd of a 111m creases the conty anﬁ'will increase. Thus HH wkich is slower
. 7 - . N

Cthea VX will also have move contyast knhcrcuu in the emulwboﬂ for any glven

he abllicy co diatinnulbn dLﬁOLL/ o thick=

e,
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\eneLgy level COﬁt*aﬂt ia-defihéd'as thé di‘ference'in density produced on a

_radiogtaphic film by a given charge in specimcn chickness. It wili be‘oﬁvioua -
B that the greater the difference 1n density oetween the image of the flaw and
-Tthe sound matefial in a radiogruph the easier it will be to dﬂLect the flaw.
' u;In other words overall contrast is thc product of film contrast which. remaina
fi-easentially the J&mh LOI a.given emulsion nt all radiation enerOiéa, #nd sub-v‘ﬁ:'
jject contraat which decreases aa radiatiﬁﬁ energie# inc:eaae.  |
As. welhave aetn, radiation is measured in R. H.M.; ROLntgens pér hoﬁ~fis
f,at dné Qeter; it is 'a measure of the amoun; of radiation emitted and not’of |
:7’the kind of rndiation. For example, at the time 8. new one cutie source of.
| v60 is first put into use it emits approximately 1 3 roentgens per hour at :-‘}'HI?
:;Qionu meter._ Thia rudiation haa an energy of 1 2 M E v.} At the end of one half ;'}_'
n ii1ife period (5 3 year) the energy will remain at 1 2 H E. V. but the R H M..
. ?'va1ua would have decreaaed to .675 ox one half of the 1nicial intenaicy. Ac
' ?ithe end of anothtr half life thc energy would still be 1. 2 but the R H M. S
'ﬁ1valu» would have decr»uaed to .3475 which 18 approximately the same 88 - the
 R H.M. value for 1 cuxie of uesium 13/. Conuequently, it is possible to have f ':”.
”-;two iaotopea yielding che snmu amount of rauiation but not of the same energy,i  
‘The energy. ot ceﬂium ie .66 H E V. To draw an analogy, if. thc radiatiou fxom .

"an inotope is-1likened to sound the M. E Ve vuluc cortespo1ds to pi;ch or tone

wniie_the R.H.i4. value corxespondn to 1oudnesa. Intensitiﬂa can be chmnwed

li@hile énergiés réméin the'aame._ To the radxub;aphcr thia means that even though
_,‘aﬁ iaotopc has ltdchad thL endlof its half lito, it can be expectcd CO producc ,  ".
' uatiafactory radLoghunha if exposure tima ia 1ncreaaed to com@tnaate for the ..
f'louf in iﬂtuﬂﬂit]. This is true until expouu*a time becoweu 80 lown g that defi-'u

'piLiun and contrast is lowered through back scatier.

& compar&ﬁcn of CWO.radiographa, wnc,expoaad-by gauna rodiatlon frcm
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“Cobalt 60 and the othew by X radiation in the fenge f:qm 100 to 400 K.V, would
“reveal the_most ohviQes.differenee to be in overall contrTust for AYONB Prie
v-oeuly eapluined. Tais effeci.eaﬁ'be tetme&-e'lackTof'overall.ccntrast &ad
‘can be COﬂJlduLed highly det*imental by tne xaoiogranher intcr preting £ilus ex-

peaed-through castings of uniform,thicknesa curoughout. ,Gn the othe: hand,.

: this some effect'can be'termed-e'gaiﬁtin latitude and:cohﬂequently an‘advantage

to’ bc exploitcu by the radiographer when figuring exposures of multi- thicmness

:.-.caatings. Lutxtude is aimilar to contrast in that itis alao a characte¢1aeic .
'f'ef eifilm;emuision.e The- latitude of a film ig closely allied witn contraat.'

1t is thebdensity renﬂe of a particular ilm‘ hat.ia-useful in makxng-a raa;o-ilv
.greph. It ia not iwportnnc when rndiographing specimens of uni form thickneas,

~ but 1t is a very ‘mporﬁant.conside:ation.in mulcié:hicknesa specimens.

Common definition.of.varieus wo:de_are no:'accepted by the A;HE; C..

They are modified or elaborated upon to conform tofthe moreeapecific requiremeﬁta
”ethe‘A; E N Therexore, they were not included in the . glossary of termﬂ, uﬁd'

"-require more coqoide‘ation than a mere deflnition.

A "Radxoﬁrapher" is any individual who performa or who, in attendaﬂce

&t the aite Wh»ru the aealed souxrce or sources nre being used, personally 3upcr-
fvxoea rediograph ¢ operations‘and who is’respons‘ble-to the 1icensee for aa-

saerinv COmPlLMﬂLL with the requbrenenﬁa of the regulations of. Lhia part (TiLLm

10 Part qO)-amu the conditions of tﬂe licene e,

A "Radiographera Assiatant" is any individual who; under the personal

:Tsuperviaion of a “&diographer uses radiogieguic exposure deviees, sealed sources'5

ox rclated hundling tools, or aurvey instruments in radiogxaphy.' B

'"Occupat101al dose" ine;udes exposure of an individuul Lo radiuclon

ia a res£ricted area or in the course of emp oyment in wnich the individuala

dutica involve exéoéura-tb’radiﬁtiona; proﬁided, that "OCCupational dose" shall.

.-'->18 ".'.'
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ROTECTION AGAINST RADIATION
omic Energy Commission has established standards for your protection
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" material st such levels that a major porﬁio of f

have access o A. E. C.rB-Which is pOatedtin he betntroq building ¢nd Co

which are in the lovoratory qffice,'or Lo the betstyoa building and Co%0 ru

?iLnot be deemed to include any exposure of an. individual to radia;;cn for th
_ﬁjpurpose of medical dingnoaia or me dical therapy of auch indivicual "hergaocei‘f
f.remove your film badge for any medical x-"ays you may ‘have during the courau

.r.‘:,f your work day. - Lo . v\}.-

"Radia»ion" itaelf mcans mny or ml‘ of t%c following:'alpha, bété,.”’v.

gamma, x, neutroma, high speed electrons,_hLWh apeed pxotona ‘and Ouhtr atom&c
o particles;'but mot sound,‘ar :adio;wavea-or,visible, 1nfrared or uztraviolct

“lighe..

"Reut:lct;d area" ia un arem within which 1f an imdividual were con=

 ':tinuoua1y preaLnt in the area, he could receive a dose in exceas of two millincmsf.'
'in any one hour ox. an area within which if continuously present the individual

f{'could receive & dose in excesa of 100 milliana in nny seven, consecutive days..,f‘

A "Radimtion atea" means any area accesslble to peraounel in which

; 1there exiata radimtion originating in whole or in part within licenaed material

'at auch levela that a major portion of the body could receive in auy one hou

a doaa in'e:cesu of 5 mlllinems or in any 5 consecutive dajs a dose in exccaa
of 100 millincmu. - .
A WHnl Radiétioﬂ Areca meaﬁs any azea acéeasible'to pergunﬁel'iu
whi5h5th@£e exdsts diauion originating in wuoie ox in part within:iiﬁenégd‘
. ; the body couid reheive'i5'ahy
one hogf'é doge im sxcesy of 100 uillinems.

Wiihin:the radiation and hiwh radicticn area, A. E. C. approved signg

mupt be posted. Anyone working in uhesb aiuuﬂ and or in & yestricted area mus

€0

- radiography eaclosure, and laborato:/ officp.. Thﬁy mﬁat ﬂlao have uccesaftu_

a copy of the A, B. <. L$an30, rcwulati@uu_ aind Gpcr&ting procedurcs, all of

prephy encivesura. ALl of thcue axcas” are wader tha conbwel oi ¢he licemnce fox

u..d"i.(.u.,.hmv & QU"“’N}&‘&G.
- 19 ..
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} BIOLOGICAL RESPONSE TO RADIATiOV‘
N _ : _ ' :
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) _i T Rate Sl Arca . P - Reswonss
s i ; i : : —
i 7 . k . U S - ! ) :
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X B 5007 :Single. Dose; A Loé¢al Erythema (200 KV) e
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Befofc ﬁg discuss thé:hazérda to‘health from 1opizing radiation it
‘must bé noted-that fof'ali»our aciéntifig advénceu théfg-is some diverééﬂcé of
6p4nions regatding tolerance‘ievela and_biblogical éffécta; ‘pua io the.&iffi-
égltiaa qf_ektrapdlﬁtingfrmdidtibh effecﬁ data from:flies and small'anim&ls'tb
.y'effécé on mun:and to:m&n's 1§ﬁgevity some oﬁ tha»infé;mation'we hdvciia'béaed
 om theory and opinions.  The:efore; éherd’Will bé bome’bﬁéia for afgument; Whea
ﬁetter biélogicai data are available it is tobhe anticipatéd'that the‘qﬁestibﬁ
of tolerances will be answered moxe mutho itmtively. in ﬁhe geantimgiaii of |

vuu should exercloe all reaabnable care to‘mﬂint&in expoaure as far below the

-

bff.cufrentiy acceptable lavéls'ﬂa pdaaible;v

| It is Qell known tﬁat-whole-bodj fadiation'gbﬁoibed'in ﬁhe'bédy yro;

.»ducéa QndeSir&bi@ effects whém@ver‘thé»ahédrbed anérgy'éﬁceeda céftain.hﬁbﬁﬁtgv'

" to which the body has become accustomed in its natural environment due o
backgrouud radiation. Inveatigation has ghiown that injurieﬂ to living cella

B are in genaral ptgportional to the ionization.produced in;cheir ﬂtruc;ure,.
viﬂqwever, injuriea vary for éifferént,typea of,ioniza£i§ﬁ, the 1n£ehse'106$l

' 'ionizatién produced by aiphg_particles and proféné being moxe démhging thaﬁ

' the less demsely localized ipﬁa produced by‘gammé rgyé. | |

| 1t is tﬁc 1ethm1 effect of-ioﬁiza;ionxbn.in&iﬁidual:celialchat ﬁl&yé‘

the domimant role in the vrrdlation injuries in the body. If oaec plots & dose

;uq

_vaﬁiept graph for various tiﬁsua; suauectwu o "mdiatipn, there are, in gengz&
two forme which the graph way take.

Curve A illustfates the.néﬁthréahald case where,‘aa*the doae is in;

Cregaeﬂ there 1z a 11n ar incrtaﬁa in th@ affect, The¢e is wo initi&l thrcuhold

~. of dosa which wmest be excceded before an cffﬁct is obualned. To refpgnize n.
: - ,

nonthy aauoxﬂ fiwct, it must be remdily ObuﬁfV&blﬁ or ‘weasurable after euxposure
to winimal auouats of -adiation. Anm exauple would be whola sody exposure sud

e

KT P P
des effect oca lov JA.zy.
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are cxamplcﬂ.

-exaﬁple of the threshold effectg

Curva B'illuatrdteava threshold effect. Hexe the effect i3 not weage

. urable, at 1é¢ot by prescat methods, until a certain thf@ahald of dose ig

exéeeded;-vThfe ol& effects are not lineas with doue but assume scme form of

S curve. The effect of radiation upon t?e akin and the blood Iormihg organs

Until the dose ruachee or aurpansea thm tuhuﬂhol&, the firat

::axvn of skin exfecL, (erychemn or abnormal rudncsa of the skin due to capillary

"cangestion) aro not seem. The effect upon, Lhe blood forming organs is nlao an

S

- EFYECT

M “aa N
sl .

The veversibllity of radiation effects i3 also an impoxtant aspect
in cc¢c;atienal exposure. By reveréibility is wesnt the veturn of a tissue to

ite previouulj normal state after expoau ce L8 discontinued. The reversibility.

of any specific effect 1ag dependent upon the reparative or rezeherative propezf

.ties of the tissue. Some-tisaues such Aa skin, the boane marrow (which contuins‘

the blood forming elemenua), membxanous linimg of tha body caviCies or glunds

and pur phercl nerves are endowad with a upLCial type of 1epair mechanium.rb

uther ticsues such as the brain and lena of t%e ajos h&ve no mapait mcchun;am.

el o - 21 - »
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In them, repair iz by the formacion of a scar, which does noc t”ke over the

function of th» original tiaaue which 1: replacea. The effects i{a suqh cases

 &r¢.aaid to be irreveraible._ In order'for an effect to be»revernible it muét
- "ﬁét,'of course, produce injury beybnd‘the'limita of.the“nurmal cap&city for
'-.;ré_ageneratj:ion~ if 1t doea the effect is permanunt and may lead to. compla;e

" destruction of the tisaue.

'Both the total éao'ae-,' and thé"total ume'o've'r whichfit- 1s given, way .

'; ‘effect the ability of the regenerative procesaea to function. If thé total -
'*_ doae is eALeBGiVu, irreapective of the time over which ic ia adminiatercu, xe-
' generation and repair mayjbe-impoasible. On the other hand, a total gose which

'will produce veversible effects if given at a rate slow enough to permfé régen-'

éiétioh ﬁdy1inute&d result in irréverdiblé‘damage'to_theﬁtiﬁaue 1f given over

a ahorter period.

The effects of uadiation on tha human nkin gmve the firsc indicacion  ff
_:_of any - biologic effect 'of xerayﬁband gnmmg raya. Becquexal who carried a tube"
f of radium in his vest pocke% fox demonstratibn ﬁurpoaau devexopedna'teactiog
| of the un&trljing gkin., X-ray derﬁaticia'was'in evidence wiihin a fewymontﬁa
after the discovery of x-rays. | |

The greatest npuzber of :adiationvinjuries hmve°heen thooe to the_akin .

both in x-ray and radium workers. Follow&uu the e&rlj wava of daaa ge to the

-~

skin JHAch came iu m“@ iiret‘lﬁlyears of g-rmy &nd radivm @xperiemteg the:ev, '
'.wpr@ wore prbcautioua Lakea fo prevent akin aamage., Thevdharacteriétic effedﬁ 3
5; of large doacn or Famna radiatiaa upon - the akin is the production of a skin
.:erythema. In this vespect they are compa:able to ultrmviolat radiation except“:

-_that the latent pﬁrhﬂh betwecn exposure and arythema is dclayed for oevexal

wva dapuwuina uvow the dosa, Thcre.ia a variation ow the dose effect ratio

tc pr@duca erythbuu with rmyu of varyin0 guailty, in thm direction of a Aurger

o 22 : .., )
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t dose for shorter wave 1ength. As the length of time over which the radiatlon -
B ¥ adminiatered is increased, the dose required to produce erythema becomes

tﬂlarger. The erythema ia the. tesult of a dilation of the fine capillaries and

arteriales supplying the skin. The mechanism is thought to be identical with,

. tha erythema produced by the ultraviolet ray, such as found in sunahine (suntan e

and sunburn)

The skin is composed of essentiallj CWO layera of tiaaue, hﬁ epi- .

' dermis which conaistu of the epithelial cells forming the protective covering4
}'of the body. and the dermis 1ying benpath which consists of the supporting
:jconnective tissue ior the epidermia, and carriea the nutrient veasela,_accea-
“:sory'organa and nerve Bupply.?.rha thicknesa:af the;epidermis“variea over thef'
ffbody but, in geq«“al, ;anges from .07 to .2 ma, On the palman aurface of then
; .hands and finveza it averagea .8 mm and nn the aoles of the feet 1 4 mm; th;t

'? the remainder of the body it is considerably thinner, but even a thickneas of_

Aoma would give protection ngainat alpha and very 1ow energj beta radiation.'

‘?f’As cella are 1oat Erom this outer layexr by normal wear and tenr, the underlying :"
:g:owing layer'of the epidermis.continuea-to‘iurniah & new=supp1y., We must,re-'
'member the bodyviuvnot static; eve“y day celln ia the akin; Bldod bone.and‘etc,

- are aying and being vcplaced by ntwly manufuctured tella. Verj 1ow amounts o; g

x

'raéiation merely accs lcrate thia replcniahnent to a amﬂll degree, Some radiaf-r:
zhon 7 nyaicxnwm Bre even anvocatin% a theow y af incxeaa@d lomgtvity due to this _

- dacx edaed rate of ,tpltnishment. Howuver, this remaina to be proved..

_BF pczticlta of the average eneawy nasociated with out type of wnrk

S wili penetrate well below the skin, and.hemca there is-teal potnntiality for j
Sdmiury L£ duve caution is not exarciscd. The doaa reQuired to produceferyth@mu o

i :atatively hiun, An thae time over which the dosa is adminiatertd is lenvth— .

eacd to ome or Lio¥ o years a conaider&blu hiﬂhb& totml @Aponura can be toleratcd

Ce23 .

e e e

e e e e L e £ e e

Lo -



U e

More ﬁar.ﬁ,l ovarewposura signs ara a loaa oﬁ haix, cracxlng, brit-f
- tlnneaa, and a lous of normal aansitivity of the skin. This 13 £ollowed by

' 7fu1cer&ti0ns, alow nealing of minor cuts and abraaions, and canceroua grOWths.

" The ccaroductive organa may auacnin dsmage either to the gbrm olaam

:5f:jor.to the cellu thch carry the germ plaam, ova oz sperm.- The mosc uensitive:f'
VW'alvmanCB in the rcpfoductive organa ara tha parent calla which ev;ntually giva ?
f};rimain the matuxa ova or sperm, Other cellular elements in the reproductive |

' ;ﬂorg&na whiah are concerned with internal sacretion and control che desire for-?
fsmnd Ability &o conguwmate . the nexuul &ct ara relacively reaiatnnt to radiation._'

‘To cbtaln a pﬁrmlﬁﬁmh mterilimacion of the fmmale ovary requireu 500 - 600
i~.rounibmna dmiivoxgd within the ovary. SLeriliaation in the mmn ia producmd by
'_800'- lOOOr in the t@utﬂ@.' There 1s & thrtﬁhﬁld of dosa which muat be ehCdeed
' before any. affecte upan t@rtility becamea mmnifeat. Thia poaaibility of damage

..cn tha rup:oduntiv urnane ia tha moat diacus@md and probﬂbly the moat teared

"f;ihqnaxd in'the winda of most nonmodical peraonnul who wurk wiLh radiation.. Thef‘ .
:'actﬁml inciddﬁca of rwducﬁd f@ntility following occupational expoaure is not

| accuraLaly knoun, but it iu not great in comparison with damage cO the skin fox_"

':inatmn¢a,. If thae QbO v is acuepted for tha 50% Llethal doae £or man and 800 -

1000 » for stex i}LJ&tian, prooably aven &1 ud wouldn't wo*ry about it.

Raw*n fon lﬂhhuﬂﬁ mutations have %@un found to hav& characteriauics

waich buear on the praclic cal congldera {on of mdiouwnctxc changes possibly_

ssaeclated with ocoupational exposure. The wost importnut of chese is that

Cthera i ﬂ-linm@; ralationship between dose end increasé in wmutation rate.

Thove 1s wo theeshold effect, the cumulation of exposure is additive. Furthere

move, the magnituda of the effect Yo independont of the wave leagth and dosage
'Ie.e L\LA of [a)87 0‘]!“.\5. _ ' ‘ - B

Euﬁaciona,-uhwﬁhar spoataneous ov produced by radiacion,'aro about




90% lethal or éublethal. rhisvmeano'ﬁhatﬁcho'offapring does not'aurvive the

gcscacion period or diea ahorcly thereafter. “The lethal mutations are either
: dominant or recesaive. (This has become of paramount concern to the A.L c.

because the increnned number of people-both'male and female working with radia-‘ 

on inc‘eabos tnis probability ) By dominant ia mennt thac, for the exposed

paront org«n}um, the lechal effect nppeara in some - of the direct offspring.

'o:By ;&cesaive io meaat that the effect might appear only in gome aucceeding
",‘bancxation of the rndinted subject, In man it would appear in the near de-:io?
“? >acendants oni/ should cousins or near relatives intarmarry.. It has been cal-
 cu1nted from the law of nencticu tnnt eome 5000 years would be required for a '
':vmutated gene to nmnt onoﬁner mutated gone dcacendcd from che original mutation..
'Zvrhe denger today lies in_tho gxeacly increnoeq numbet-of_peop;evworking WiChv
“radlatlon. The mrobmbiiitynof mutntedigcnéa‘néetiné‘ih:tnua somewhno.incréaaeoQt
Iii;succeedin, ge ations mny bring some abnormalitiea Co lighc. As yet there is ”
”:'_no convinf'inD ovidunce to indicnta that the preaent generationa of radiation~'
‘1"workarm havae pxoducnd offspring which differ from those of the general.popu;
‘*iation; This faat. becomes. morm importnnt if we remember thnt the Manhnttan

. Project staried 21‘years ago ‘and every year increaaes our knowledge..

Euough radiation will kill anj ornnnism. An overwhelming dose killo

instantly, & sualler, but still»lothal, dose causes death within hours, days

"~

seeks,  Crpaniems vary widely in thoirléonsitiviﬁy to radiation, much wore

H
«3

o

iidaely than their xe poctive indivldual colla, Invgeneral'the wore complex

R

_o.ho orgunism, the more vulnorable it ia. it takes.about'Z0,000,rem to ktll a

iannil, & fow 'MGUJJnd to kill a lizard and a few hundred to kill wost mammals."

Furtuormar@, individunls ‘of the seae species rencc differentlyf

ae

Decsuge of Ll vn11ntion we ixequcncly use 48 a mcaaure :he doge thnc 15

lethal to 50% of the indiViduals exposed, gbbroviating it as L.D.-SO (chart).
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L. D.-JO figules refer to a single exposure of radiacion dclivered

'f:\;o'ché ﬁhole body. Much higher doses are tolerated when only a part of the

| Bodv ls.exposeo Here the effect will depend on the amount and kind of tiaaue

| Vf Lhat is subjcctcd to the radiation, its vulnerability to radiation and ita

_function in the ucdy. A wan- cculd absorb a 1arge doae 1n his hands with
'H:victuallj no effcct on his body aa a whole, however, an equal dose to tne
'f‘abdoden could havo aorious conauquonces. Mornover, the rate at which radia-
tl:tiUu is rccelvcd hia s a greou deal to do with its effect. A muoh larger o
‘;:qnontity can e tol erated if it is divided into small frautiona ﬂnd delivered
“lgot iﬁterﬁala.' By dlvid ng and spreading thn dose, radio-therapiats can treat

"cmnn LOUS tiaauc wzth thouaands of rode wlthout excesaive damagc Lo the patienc.,_

Whmt happ@n“ to the body of an animml when it receivea a doae of

lra i tlon in or near che lethal. range? The wost critically aenaitive tiaaues'
"Tf arae Lhe linimg of th@ intostlne and the bone marrow and lymphoid tlssuea that
vfmanuiucture blocd cells. If the dose 13 big enough the injury is lrreversibla .

and death £ollows in a few daya. At amaller but still lethal doaes che aitua?

\

-

. ticu correcta iuuwll momewhat and the moataerious problem becomes the lons of

 blood wanufactuving tissue. Death is now,delayed for,several weeka.'“lt may

£
o)
[
S
o
£
£,

givectly to au@ﬁia, or to infection following ;hé destruction of white

Acanpsnyling these apecific “effe &g wnutaer o% not they are. seve;a
mnmugh'to be fatal, is a generalized rcuctloac&lled the Ladxation syndrome.

itﬁ flrst muﬂakhhiﬁhioﬂ is radia*ion sicknesa, characterlued by nausea nnd

‘Vdm~blﬂg ‘usually tO“cheL with a profound 1asaitudc. Suhsequontly, the
~patient way biesd from the guma OF - noae, mnd after lO daya or 60 way lose

seme hair, The initfal sickness does not ne asarily dmpund on damage to

specific vigzens. it follows whenever too wmuch tissue receives too big a doua.

- 26 -
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o &ace pringipled that

 be rcviacd again as they havo’in ‘the paat,

The whole clinxcai ple ure suggests a general inCOxication.

Is there any trcatment,for these ncute teactions to expcsure? So
far as the raaiuuxon syndrome is concerned we cannothope CO find a apeciiic
1_treacment until we have a clearer picture'ot'its cause. At the p;esenc cime,'

"wé have ﬁany loose eads. Most of the knowlcdgﬂ'we do hqve*is'basgd’on stqdiea

. of lower aﬁimalu such as ﬁiqeﬁand'frﬁitjfiiea, together with fragmenta:y re~

gults of the~eavly'rndiat10n'ﬁOrkéra-an&-thé'aurvivors of Hiroahiﬁa aﬂd
Buc man 18 not & mouse ox- & f:uit fly multiplicd in size,‘life

‘gpan and other biolo ical charautetistica. hxperimenta with then can- eluci-

may apply ta man, but thty cannot by chematlves supply
f'ﬂumberé td put into a humnn equation. The limits of riak are not comple:ely'

ouhlined and reac¢rch coucinues on biological effecta of ionizing radiation.

Bucause Limc 13 a factor for which tnere is no nubscitute many of our questions‘

are likelj to remain open for generations. Bnch advance in man 8 power ovcr

- tHe uluments hae brouﬂht with it an element of danger and r&diation 13 no

' .f‘,xception. .

In th» meantime we concinuemo explora and increaae our knowledge.

 We should. proceed cautiously, within the limita deemed advisable by thia con-.

staa*ly expandiv" kﬂowlgdge. '

~ If one microcurie of radium causes oaly minor effects ia the body

.'aﬁd'a third causcs none that we can obderve ox detect is it nct reagonable

to set one thLh micxocurie as a 1imit forx oc;upational cxpoaure. if external

o radiation 1000 timbs background ptoduces no apparenc damage, is not 50 timea

bhtu&fOUﬂd an acccptable riak for radiographers., Perhapa thase figures vill

-

but they secn adequate gvidepoata

for the presgent. - » S : '
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“To maintain gauma ray exposures below_the tolerance level prescribed

by the A. E. C. three methods are available: (1) Maintain a meximum diotance

“.between the source and the radiogtapher;.(Zj Maintain any solid orvliquid mate

ter. beCVeen the source and the radiographcr. The lead safe itself, to a certain

extent projecta a cone of lower radiacion behind ic, (3) Per;ozm the operation

- of positioning thu source .as rnpidly as posaible.. Under some‘circumstances
‘fany one of thaao measures may be ndequnte, or a nituation may develop where
: 5only one is poanibic, however, at all timea,_if praccical nll three ehould beo

' ucilized tor maximua protection.

Ic may seca superfluous to state that the leas time an individunl

"7frenains in a radiayion area the betcer but thia is ao 1mportanc, ic! s the
:easieot ‘Yule ¢o forgec, that 1c cannot be overemphasized. To what extent can :
: we use cime as a means of reducing exposure? We might immediately auggeat co

 o‘o9¥P95¢ the source‘as fast as possible;and-reci:e to a gafe n;ea. but forcher
“'gonéideration will produoe anoéhér mechod:qf-ooiltzing:cimé-no a nenna of re-

"'ducing exposure.'

Tho A. E. c. approved tolerance dose 1s 1250 mxem per quarter. this'

'ifigures out to appxonimately 19 mrcms pex working day, and 2. 6 mrems per hour.
| if we know the radiation level in an area, as determined in mr per hour by our'
'.faurvLy meter, we may calculate the maximum period of time peLmitted to remain

~n_ﬁhe area,

Hourly tolerance dose in mrem =  Maximua time permitted

Gamma radiation level im mr per hour i axea im hours
: Exongle:

If the radiation level as measured by the'ou:véy-meter is
12 wy/hour and our'hourlj tolerance doao is 2.4 mrems, then
2.4 z .2 hes .2 he e 12 minutes. | ’
12 - S

- 23 -" .
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RADTATION BUHAVIOR
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If intensity pye»r square at D is 1
intensity at 2 D-is 1/4 and at
: 4 D is 1/16.° L e
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Therefore, a radiographer could remain in this rndiation area 1’or

12 minutes of each hour of an 8- hour work day. If it is necess&ry to enter a

.f radiation area, the time spent within that nrea muat be reduced accordingly as -

i

he radiation level increaaea.' The eurvey meter only indieatea the radiation

-:A, level, the individuai muet record the time at a radintion level to determine '

';rhis-exposure. The pocket dosimeter intergradea time and radiation level to

P give exposure dose.

It is ditficult for the individual beginning his career in radio--‘

:ifgraphy to comprehend the dangera existing from a source that cannot be detected
: by any of the senses, and the harmful effects of which are only detected houra
“or“dayo efter an overexposurc._ Radiation doeages from industrial rndiographic  "_
~_1iaotopes can be controlled because the radiation behavior can be caleulated

df~and predicted. In induatrial radiography at Granite city the source. element,
;,size, energy, and - chnracteristica are well known and theae rules, tables end

- formule may not.apply to the unknown complex redintion field.reaultingfiromfan -

atomic bomb, or Teactor cataatrophe.

Radiation 1ntensity, aslight, ia inveraely proportioned to. the square

'sof the distance rrom the source. This relationship can be stated algebraically

L 2
ag ii & SZ; o
iy TR

1

The rudiographer mist be intimately familiar wich the foramala repre-

senting the iunverse square lav. With this formula and a known output for any
;given quantity of isotope, the xadiation inteneity at any dietance may be cal-

culeted. On the chart "Rddiography_Isotope-bata" the output of Cof;'0 ia‘given'"

a8 14,400 wr/hxe/curie at oneifoot.u;Whet is the-radietion intensity of 2 curies

. s , : 2 :
of co® ac 20 feet from the source Il = dp ’
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" or protective barricy may comsilst of dirt, lead, cencrete, o

Il a 2 % 14, 400 - 28, 800

12 & x (unknown) ‘ .
'.-§l s one £ooc, d;z-Q l’fqo§':
a2 . 2o‘gée£; d22'; 4oo‘fqe¢“

53,800 = 400
x S

400 x y123,300.
= u.23;8§o 4f4oo”'
xa 72 iax per hour ag 20 fcet,;’ |
il is tﬂﬁanLLnﬂitj at dlatancu dl 12 is the inteﬂsit/ at diaCance'

gd2'.these values s ve correctly matched. e the: chaxt valucs ;or Il and

’ dl and computc Cha Ouﬂbf, make certain all figurea ara expressed in their cor-
a :ecc units, By tule of Lhumb double che diatance aud get one fourth the ex-
t»posnfé, half the diaﬁance mnd get.four times'the dose rate.- The importancei§f 

distance @s a means of o 011113 expoaure Ls thus readily recognized.  The

‘chart "Distance V3

- radlation levels fox ditfexent.amounts of 0060.

" The third method_of reducing radiatidn ia.éalléd shielding.'vé shield

: o e Y -'s B L 2
tiveness dependa oo the type of vodiation and Lta energy. Co o @w 32
x.; Fy : 9 . : [~ 4

e of s po ool T g [N To % e LD e km
emie momes radiceion ond from the chart “Radiogra

of Iw*d* i less  Chos thab of CoV Q chexcfore, less shieldlng

belng evusi,

iy cfdect of these wi

vials 16 indicsted by che carm

“

i, L indlcates the chichusse of the shicldias waterial ro-
cuized to roduce the wadiarion level by 4 fuctoy of 2, The chuwr “Comerelte

S e e e A gty e P8
PR L A o001

flges tnc fc»,cuion factey fou the dlsoropss E&“O,'CSBJy

&v ofmawsdio of 1ts use followa:_

H

[ 2]

Curlop® *lluutxatea the diatnnce required to -produce various -

. -5 .
w-»u—&- 1ts effec~-




& BEY comnwete wﬂll will givu a reductlon fuctor oL I lur b@ﬁq.ﬂ“”

T

"dlmoét 260 fox ir*". *heretore. if a radiation level on th inolde of

)

e

Y
=

N

[

SE——

o comeretewall is 15 000 mr/.«.h, on the outaidc e \«ould 1-5',@00 & 32 oz 470

p‘
&
e
0
ey
o=

- mr fhr for radia f:om-CoﬁO, and, about 15 uOO 240 o 85 wr/hous fox Iy

How &auu eaA“ SO W th the halx value iujcr “thod? From thoe table we

:find'zhat;3“ of concrete is the amount ch irud to. ruduc sthe radlation by

. ome half. A 15% wall coﬂtaiﬁa-lS +3a«5 HMV.L.}conaequ@ntly hahrkhxk

[
&
Y

e
‘e
pl
Le
«

52w Y0 wefaour. It wust be puintEd‘amt thas varlous chares

gnd £ not always coincide so &Raétly;‘ Coac cete 1o wmade up of

various cowpoaini paris ond iU doesn't always have thé &

concrete with &Vdenuity of I&V'Ib/ft’ the H.Vel. i about

Ea;tcra auch as’ thu dchuul radiatﬁca ievcl its encruy,

abield, and the Cyne of 1n~etaction all combiﬂe to givc
variation to the chas mhﬂ g;apna. Consaquen;ly, do not eapect to always ’ind
exgct duplicacicu of chavi and formula daLm theygahould‘be anpy ima:ely tha

cpaue and the fopure for concrets of 3 daches fov H.V.L. is & safe one..

the exact radaction factor for a gilvem a’ield, a speclfic

. : , : 4 Ii o e
igotope, and ¥ formui& %: appldles. Il £¢ Ciag r@diation
. o .

intensity on i ha wall und Is is‘the.intcnaity on the othex

o

sidm, The choce of veductlon factors are the most ac;u &tc b :gause it com=
2

£

-
sohas Lo

sowd che ;IQVnGuJaj meneioned var*ab“@a., ch ficld work 1t is

Besl Lo hmdw whoul both _m%mah-uh gactoru mdd HeV.L., 4F xhdu'w'on factovs for

-

.-;

vReYete ave Gt avallable ghe 3 anh H.V.L. figuré is reecumended,

- e

ow 2ll three methods way be used Lo roduce exposurc

y

ac source oide of a 2%“’

[ %]
P
r&

teleb comorste w.ii. o What is the radistdon latensizy cae oiher side ol
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the wall?  How boans oy on individual remalsn oa the other side of the wall

and recelve less thon 2 ome /h0u1£

1. fue leverse nqua ¢ low XL @ from “Radiog-“phj Igacope

2208

0 91
Suga Chaxd®™ 1 curice-of Co6.' =

14,400 mt/hr at oae foa;._
il w 10 x 14;400-a 144,ooo,mr/hr
P (unkvown intcnaity)

@2 £ 120 (10 £ 2) 422 = 12 % 12 « 146 IR

. B
{10 fcet to wall & 2 fect of wall) S
. - - - 2 =
41 - i' (From Dera Chart) d1” T 1'x 131
a2 . 14,400 _ 144
EI? ® -1

  144 x = 144,000
k‘z IOOb wr for &t‘a diztance Gf
12'“ et with no ahiuldinu
2. 2&?2@% coucrete shielding with J" a6 the appio: imgte half
2 4 5 « 8 HoV.L.
Ywmokouwkx % x k xkhkukules Z;Ov

100G

[STeTA NN i1

v 7 256 « 3,9 m /h‘ at 12 i&tﬁ witn 24" ox
sui Adinv

Tha bovel of va diuLion in an uﬁx”ltrictad,sr@& is 2 wefhr. LE
the vadiction iz 3.9 o aay &4 wy :/br behind the wall, then no-

Ey

fnuividesl would be allowed to ram&in there lomger than that

i b

ped from the time foiwmw

3y to}ﬂranaa dose in wy

n . woeximuw time permitted
. : L P ) -~ o v .
gopma - vadiation in wv/av in hours

TR WS of aa hoonr C WS w €0 e 30 minubes

s, o« wan could wemola 12 ot from LO cur LLJ of Co%Y with &

e

2]

q_clﬁ of 2% dumuhon of concrete fqr'1[2 hour aud reealve ioss thosn Chie Tequired

. 3.
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arfhr meximun for sn unreatricted area.

‘These chroo Loxmulaa mvat bc rcmembuccd:

'31.. Hourly toleraph« dose 1in myem - mascimum bl
oS0 pmmaa r N‘atiun in mr/hr . in hours

2 .

A 2

L

=
[
™~

o e -

£

2OTY

vhenvetical level of radiation wishoud shield
“uu”hutiaﬂ £1““0r fox ahie ding medium

o

s puvaitted

iation lcvcl

on auta*de aupe

free of wall

.udu"tion facto By hm ohtaimud from G'“wn or'¢alcu1atﬁd from ouzber of

H V L.

e
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,_bﬁc&u e of itu nlpgh iunled

Jenposure blmer.  Tas intensity o*‘zadimt on may be re calculated cvery thres

) fit eI NR s S

ip zafer to use, vidoa & decay product of vadiuvm, is in

chae y&rd stick by which & good badio raph Lo cessuced.  The ¥ovy Duveaw of

The wedlisitioa of the ummun tays Of»;mu-bu a the uoa-deutructliva

inspection of cantiugo und w“‘ds ia wall esteblished., Its valucito foundrics

and weld shops in ralsing quality standax db aad improvinﬁ wethods is an estabe-

1ishad fact. I

[+
< .

d nnd wichdrowal of govexrmhnu contracta, the; were forced to cease

Cusing it for rediegraphy. A gemna 7ay source less coatly thaa :"”ium and

Cawsilable dn unive of greatcr izic activi j wou‘d fili 8 real Lecd.

EAST R 9

With whe dovelopuent of

isetopee could Lo pooducad @concmically._ licwever, the number that can be uscd

i iopdusiylal rodicogruphy is sevcruly limi;;d by the criteria w¢icﬁ muat be

mat. Theoe aged

+ Energy of the gamma vays
2. Half ife of the isotupe
4. Specliic activity ’
4y Base of production
$. Quantity that can be produced

An fastope of Cobalt Co“o &nd'one of Itidium, Irlgz, willlmeét the -

T c@“ia; o will‘ta'a cértmin'&xtunt_@xceed the capabilities of

ic is less eupenslve in imitial cost, snd its specific activity ils-
1.55 times that of vadiua. Ita Ralf idfe is much aho?ﬁgr chan chat of radium,
but 2t 5.3 years the decay process Lo slow_unaugh"ao as not to Lnteriere with

"
!

is_au)eﬁin»usaﬁ oa the cupooure gruphs,) co %0
geacous form sad is
tal when inn 2. % will also give becoor sensitivity., Seasitiviey is

, P Y T ' e s
I.Jm‘l e Aguo%h{‘,.\. LiNE euaar L}I!Hn‘u\.'ﬂ L.u.,tk.uﬂf* G 70,

of . all defecis of a

sash wf the cuviia, wueolt appesy on the radiopraph,. Yo a tww i

firas would have continucd tovuae radium after the wayr, bul.

l coau, loang e@DOuULQ3 rgqui““d whth concequeat high

the nuclesr e actog lavge awocunts of variocus
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specd and grain ave lnhore

":_dll,timaa.

:thichnaaa of

-'“Iargerbaize ia

s vather elus

‘defect as small az

; nena"gxaduatian.
~;~o thu source ﬁh“ on

'{trametcr and wach &
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. object thickacss fou
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They are taped direccly'onto-the-céscings'on the side adjacent

(,: .

™~
K
3
Gl

;,)

-

=

paraltiod.

.040 of an inch will be détected; Senéitiyity i measured

- by a yéﬁetrametex. (Fig. 1) Penetrnmetetn‘:are’mﬂdé'for each 1/2 inch’thick-

eaach reapectivé3th£¢knéas. A-clgar outline of the éénafﬁ
-*éprésenta-the':equircd ZZ'béhaitivity. for a casting'

i2% o leaa the small penets rameter ia used “over 2-1/2% the

The thickneas of‘the penetraﬁetef is 27 of'thé

which it is intended. . (7ig. 1) A scnsitivztj of 21 io

sieanderd, and car$*ul atuention to det&il mua: be given at

Tae ware importanc factors effecting qenaitivity are:

Contrast

i.

2, Film latitude

3. Density

4. Geometyy

5. lntunﬁity of rmdiation

Cﬂntmuam ie the citfercnce in denaity produced ona rndiographic film

‘a éivcn-chmng@ in apecimemt thickness. ;he.grea:er'the contrasc between a

ct and . ﬂhe surrounding area, ‘the Lﬂﬂitr it wiil be to detect the flaw. “In

iog

the

castin

" ‘ome film.

P S T
§oend

rapho produced by x-rays the contraat'is much greatgr than that produced
by Cmbo; in fact, it is so great that it overcomes the latitude of the film and

gradient is wuch-over ome inch @ separate exposure

csch gradient. This means that in x-rvayiag wulti-thickaness

anase gxp@sure and scparate Iilm wust be uoed for each thickness,

vne Luuiﬂgrﬂph will give a uﬂmpldte picture oi che caating on

Clogoly wllied to contrast is latitude. Latitude is defined as the

an omuled

. & particular filw.,~ Latitude aend contrast along with emulsion
nt guaiitices of film and varies with the seVeral’

~chicknass sections the cmergent gomme ray intensities

B T o T ab e I
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i A Hu B=lilusirating the gonerol guomolric principles of shadow formatien. In Figures BA. 8, ¢, ‘ond D, onlargumcm alone hkn placo ln
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‘the incident lipi:

‘focal distesce on aun

smeller the raaul;vxi;g;»wqptral Te cion. 1f the.péﬁumbral'region is too large

'will range from a mexlmum fa the region of thinnest section, to a winium &t

.the thickeét section5. 1f the entire,éubject is to be includcd on oune redig-
: graph and this is- oeuirablc, th; diftcrence between the mah‘mum and mlﬂimua

'thickneas sectiona wust not xceed the lauitude of the film.

Denslty depoends on Lhe 1engu\ of anoaure uﬂd the intensiuy of th

¢ emergent rays. A dmmsity of 2.1s uaually obt&intd this will a110w 17100 of

o po ué 'hrougﬁ thc film and is ‘the. oensiuy commonly seen

on medlcal x-ray fila.  Host Filwm types hnve'&n increase in-aenuitivity up to

',a»denaity of five, Whih this increase in denaity and,k a setup that is good
 360metrica1ly, sy dl'ifﬂ,j of b@ttu than 2% in the 2-1/2".t6 6" thickness.

' rangé‘ia obtainud. Helow lml/&"; aensitivitj falls off to about 3%. vBelow 2“;

:rlgz will give 2% or b@tter gensitivity.

A radiog ~,0L ig to a chtain extent a shadow picture, following the

 c§mmon lawa of ‘lipgnt and ahadow formation. -This analogj is 80mCWhat untrue

- due to the fact tha inttna*ty of the ew ent rays are.affected‘by,chef

thickness gradienis of the custingg' 1he gecmetry of the setup is of para-

.‘aun importance. ‘he ldeal source size is of course a pin point, tihis is
vunobtminabl&. Figure 2 Allustrates the effect of source size an sensitivity.

" The focal d Au¢u“ souree to fila distance, ﬁhoald be as great as time 3110“'

for emposurc will porcit and Fipure 3 iLllustrates the effcct a 1engthening oi

e
The

i focal distance and Cue umaxlcc the source gslze, the

X-2ak}

to blend fiato the noraal film denaity and will be éasily

,GJJIUIEth m;anifibd when 1€ i rualized thaw

e but vather {s irvagulmr in outlinu.

p-;

tine cixe

H
[
g

1

wansugie should be placed as close ss posseibliye o the casting



| S

‘gsensitlzed aveass thot will show up om the'fiﬁal radlograph., During procéssino

_on the opposite side ;rum which the wmource will be plaCLd. It ghould be per-

‘ vendicular to the plane of.the-central gamma ray and parallel to the plane of

/

'the cauting. ‘The source &hould be all gned with the ceater of the casting,’ botn

'righﬁ'aﬁd.left, uni up Gx d dewn, 80 ‘a3 to,hold distorticn tq a uaiform minimum;
Jrhéf:;tidfdf'tha gamﬁ;evsa défégt;diutaac; and the’ acfecb LO fllm Jictancé
 _shouid be iO to 1 with 3 tb i'aa ani &bsolu;e mini@umf. Figuxe 4 will illuatrate
 thé &dvantage 0f the large d-t rétio; “The limiting factor is the time alloved

tq!cqmplete the rodiograph. The gammavrdy intensity foilowe theiinverae'square

law; thevefore, 1f the focal dibtance is doubled expoaure time is quadrupled

-Theéexvariablea, focal distance, time and intensity of radiation are compli-

‘cated further by {ilm type. The choice of the,type ofiilm to~uae'depend3'upon

;hé'relative i@portaic placed upun deLDiCiOﬂ contrast and - timc. Sastman
tyéé'?A" film‘ia & high contrast kine grainud but slowlfilm. a 1ulutive spéed
df:§né.' lype "K" ls a verj idsL film, relativc apeud of six, but is low on
doﬁt;dét and has a'courﬂe grain. "No screen” is’ a medium speud i;lm, relative-

spe d of three, has high contrast and only Siightly‘la:ger grain than ;ype*"A".

These thre@ types are vepresentative of other commercial films, Ansco, Dupont,

-

ete. . ' _ /

The film must be ﬂuﬂdLLd w;tﬁ extreme  care both beforu and dur110

proceasing. A.heavy Ilnger yleg"wwe, a kinm, oy bending will all p;oduce de~

L F]

. eare wast be exercloed aso as Lo avold dust, uneven development, and drying

apotoe. It is vorhor Futile to ficure an optimum focal distance, a good gec-

" metrical get wp aul then through careless precessing have so many blemishes

>

on tha i}m that incerpretanion 1a difficult if not impoasible.

The f£ilw esmulsion will absorb only & winute percentage of the ewmer-

gent gomma rays, bur will almost completely sbsorb- the secondary radiation or

A Fake

a627
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elcctrons'ehittedrwhen gawns radiation strikes thin sheets of lead folil. .

Because of this'intenaifying action the lead foll is called intensiiying
screens and vary ia thicknesa from .005 to .015 of anfinch. A 010 ac:eén

v'in front of the film and (015 in back will give the highéét definition with

the least sacrifice of time, The lead screens will cut exposure time from

1/2 to 1/3 of the time required without them.. The' fromt screen is the tiue

intensifying screen. The secondary radiation produced in this screen has &
: Very short range; consequently, the film must be placed‘tightly against the

. screen. Where actusl contact 1is 1oat, that section of the finished radiograph

will be blurred. The rear screen filters out mcattered and bounc»d back ;adia-

' tion'giﬁing better definition to the radiogxaph. Tha GCruCﬂﬂ must be maintain d
free from scxatehes, dust, or lint because they will abéorb some of the radiaé‘ )

tion, resulting in wisleading aress on the vadiograph. The lead ccreens and

1

film are all enhiab u n'the £1ilm holder ox c&aéétte.'

‘fhm ﬂtrangth of wadium ﬁourcedﬁfor radiogréphy.iavatated in milli?

.grams of radium.@f mitlicuries; for cadiun the two units are intexchangeable.

60 these units are not inkéréhangeableu The milligrmms of Cobalt pres~

nt do not messurs the siyength of the source sinc& the activity per milligram

is not & matural coustant as 1t is for radium, but is dependent on the time and
intensity of ncuirwn irrvadistion, The radiation imtensity produced by ome

. .. ] . , ’ B
amiliicuriz of (o 18 Enprﬁrlm’ rely the same ss produced by 1,55 millicurie of
: 3 6 p : i

e miiileurie medasures the amount of radioactive isotopes present

in a Ladioactiva moterial and not the intensity.

As the ouly exposure charis &vailable at the tlame were calibrated in
milligrams af radium, it was a simple matter to convert one millicurie of 0060
into 1 JS mi;i;);“mu radlum equivmlent, thh‘che preceediag information as a

bockg x@u“d ve cin now poke up an :uuunl uhpuuu ‘e setups
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To coawlctz ¢ successful wvadloegruphic exposure, acvezal af the pre-
viously mentidn@d'variaulea must be brought into focus:

1. Thickness of steel
. ;0»&1 diztance

. Yype of film )
. ‘Strength of source
. Lxpoaure factor

. Time

. Density desired

i o WS L e

The first fociors to consider will be the castings and the thickuess

’

of the arsa to be radivgraphed and the time allotted to complete the exposure.

I1f time is of the easence and the casting is of heavy gection & mediumﬁ&at'film
such as no screen, & short focal uistance and a high intensity source would be

mandatory. If G Chh onher hand time isn' L a8 1mportant as che very best in

' aenaitivity, a fine graia film, . long focal diatance, ‘and small source size '

would tand to sccomplish the desired result.
 Wich the cesting thickness measured and the;correcﬁ type of filn

1oaued, an txpoauLa ‘chart for. the respective film used ia consultud. Thia .

‘chart 1s made up on namiiogarithmxc 2 cycle paper, The subject thlckneaa is

the abscigsa and exposure factor is the ordinate. Expoaure factor 18 defined

88 A X B o D

CWhen A MLlliprams vadlum egqulvalent
. B Exposure time in uinutes
¢ Focal distance. iu inches’
I ,..;APOBUA.\.. Luctﬂ\r .

+ On each. giapa & dine is plott@d 3how1ﬁg the relationship‘between

thicknena and exposurs factor, corresyonding Lo deuaitiea of 3. O 2.5 and 2 0. o

The subjeot thickneas is known, the dmnolty is known and by consulc-’ .

ing the graph tho exposuce factor is known.

One of two fovwulas are then utdlized to figure the remaining unknown:

e S———

1. b x ;4 , B 2. AxB Cg

'P
o
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- Whén A Milligrams radium equivaleat
: B Exposure time in minutes

C Focal distance in inches

D Exposure factor

Tﬁo techaniques may bé'employed with the above formulas. The firat

is. the internnl source thhnique, wherein ‘the isotope is placed inaiae the :

"casting and the film, in a flexible cassette is,wrapped_around the outside.‘
._This is especially useful in the radiography of éircumférential welding and

' ‘:Iis'illuétrated by photwgraﬁh #l. It is obvious that the focal distance is -

dictated by the 0.D. of the‘cdsting;_thercfore,Afofmula-one ia‘aolﬁei for

ekpbaure time. - Ca this type of exposure the d-t ratio wmust be remembered.

_ Two”per'cent aenéiaivity will not be Qéhieved vith é tubing 2" thick with an
- 0.D. 'of 8" ap the'giou ple d-t ratio would be only 4':0 13.
- | Thickur and wove solid ahape castlnga may be expoaed over night uci-‘

' 'lizing techniqu #2.' Goans 1adiation flows out from the source in a 360°
f;;apherical area and the castings are set up in a circle around theaourca. To

calcula:e the SAPOSULE, Use formula #2, cimc»is fixed by che 16‘hours between

quitting time and arrival the next morning. Focal distance is then calculated.

”fdircles_at one foot iutervals’painted‘on the floox will‘help expedita‘fhe sef-

ting up of che castiangs. It frequently hnppens that hL cautingﬂ may noc nll

be of the same thickness, one may be 5 or 6 anhes thick, another one inch and

aev&;nl ~n-between, eo iliustrated in photograph #3. -A sepnrate focal distance,

formula #2, must be fizuved for each casting and the exposures wade aimultanei

ously, The thichuvma grudicnt on a4 casting way be 80 great 8B €O overcome tha

1atitude of.any individual tilm type. Type "a" £or insunncc will cover a 2"

'zhicknesa differentcilal. tf'u cuscing tthkanu range 18 3" or as wuch ag 5"

one ekpoaure on typu "A“ f4im will noL be cnoubh, two aeparutg proaures will ,»'

: ﬁ~ru mwpoacd ﬂt.thﬂ mamu time.

bqth”in thu uam',cgaaegtay,

- 40 -

:;ime of. Huddliﬂg the caatluh.. 1f the thickncas &ifzereuce is. around e
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~should be carefully studied for defects. If a de

¢

i

" After exposure the dense area of the film cepresentiug che thilaaer secticas
- - are viewed geparately. The avca of lesser density, the thick cuscing aveas
are then viewed after the second film is superimposed over the fivat giving an.

] effect of doubling’thé indlvidual demsities., If the thickness zradient is as

much as 4" to 5" another technique Is employed, One type A" or slow filam,

-and one type no screen, or fast f£ilm, dre placed in the same cusscice and an

exposure time 1s worked out for each film., The respective exposure times wmay
differ by & few mlautes, but an average exposure may be used without noticeably
effecting the £ilm denaigy. ‘

After the exposure is over end the film is developed the radlograph

iy

iy ]

ect ils vevealed the casting

surface should ba i as not infrequently an. inconsequentisl surface

‘blemish will show up va the file and night be interpreted as an iunternal defect.

- If the surface lg cleon, the questionable avea can be chipped out, repalred,

and radlographed apuin. It tekes an experienced eye to detect the nature wnd

“sevisusness of Lhe various defectsz encounterved in steel castings snd the deci-

sglon to acray or vepaly s an luportant une, econcmically.
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- In the casse ¢f electrowogretic radistion, the tays are absorbed to only a

crystals vhich fiuwom

ke=pay mod, thers

- gmaller the differca

FILMS AND SCREENS

Radiographic film differs from ordinary photographic filw im

 several regpects, If a photographic £ilm has been given ou exposura with
“ordinary light, it will be found that those graims which have been developed
out of the latent Lmuge occur walaly near the surfacg of th¢ emulaion, showing

“thmt the light wae strongly absorbed by the emulsion.  This fact is eetﬂblishéd

by alicing through the fllm and examiming it “edge on" with a microscope.

“gmall extent by the exulsion and an exawinsation of the expoéed film shows the

enulsion. In owder to increase the amount of the radiation absorbed by the

emulaion, snd heuce che density of the image, the emulsion 1s coated onm both

sides of the f£ilm base. Those films intended for use with radiation aloncv.g“

(without imtensifying sereens) have a thicker emulsion then those to be

~used with screens. & calcium tungstate lotensifying scréen conalsts of

e with a blue light under the action of pamma ox

e, part of the lateul imapge is due to visible light and

part to the actien of mrays, whew such & serecn is used, Radiographic

Ffilms have two opposing shavacteristics, conkrast and latitude,

Contrase vefevs Lo the awmount of change in density of the image

due Lo amall mpe Ao exposure. The greater the contrast of the film, the

co dn exposure for a glven diffzrence in density, Gone
trast dncreases with density, gensrally & darker film bas greater contrast.

The preater the lagitude the greater will be the diffevence in

. exposure required to obtaln a given difference in dcnéicy of the inage,

. Latitude 18 not of great importance when vadiegraphing specimens of uniform

thickness. weld botion plates). It e an lwportant conslderation in

4%
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. L ﬁdltithickﬁeas eﬁecimens. In multithidkneus speéimenavthe cmergént gamua ray
j i intensities will range from a maximum in the region of the thinnest section
-  '“ '~ to a minimum at the thickeat section. If the whole aubjecc is to be included
on one radiograph the diffgrence in exposurs between the maximum and mimimum
| o, seétidna must nét éicaea‘&he ugefull expos#re'tgnge of the film,

L | ‘:‘3 iThe speed of films refers to the‘expoéuré reqnirad tb prdduce é

given density in the lmnge, and usually the grain size in the imagu will be'

ﬂ_ larger for the fdﬂte& £ilms., Grain size refars to the si~e of the individ-f

ugl grains‘of metmllic gllver in the imaga. To obcain.fine detaila, grain o

LF

:sigﬁ is kept at & minimum:bu:'atbtha.exp&naa of speed. Because we,udév
o Kodak filmé a caért of each film's chardctérisﬁics‘ia_inciuded-at the end
) ,.  ifof‘tﬁis chapter. » - | | |

". o L o Radiograpilc fiimé should Alwny&:be hdndléd'chrefgllj cb avoid 

poe phyaical Btraina guch ag presaurm, creasing, buckling, ffiction, etc. The

‘l'normal preusure uppliud in a caeuetta to provide good. contact is wot enough_

to damage the film, bug whanwver filma are loaded in aemi or fluxible holde*s

and external clamping ov haluing devices ara msed, care should be taken to

“sae that this pr@mwura is umiform. 1f the film holder bears againsc a few.

high spots, such as occur on & Wleed sean tha preaaure may be greit enoqgh

l. . - ‘.,‘

1 to produce des&nﬁitizgd'&rﬂas.

‘ R « 1f lavge £iluws are always zraaﬁad by the édges and al}owcd‘to hdﬁg 
..... ‘ : ‘frwﬁly mnrkq resulting from contact»wiﬁh fiagers which are.moihc gf co#témi-
.t .'h@tmd with proceﬂﬁing chemlicals asg wﬂLl as crimp markp ﬁilljbe &voided..

| An imporcant preéaﬁtiqn to :emémber'im to avoid drﬁG1ng fila

I wnyidly from cavtons, exposure hdldéra or caaswcteﬁ, orx hardling it in any

vwanner,that{WOu}d cmuam frictidn. Typical Lxlm indicatiunﬂ uauﬂud By improp@r :

hmrdlia ar@ﬁilluutratﬁd; Note thah iL is possible to tell ifftf”
nunu“wara Lauuud baxoum or afger mxvasure.

43




DB

JRSUE -

L S——

iluproves the contysst of the
radistion. We have slves

Cshwrter euposw e Lime,

Because of the deleterious effect of heat and wolsture, all fila

ghould be stored in & cool dry place and ordered in such quantities cthat tha

supply on band is rvenewed frequently. The film should always be rotated.

.The box beaxrs the expiration date of the £1lm, use the old film first. Do

S uot store Iin a voom wsear chemicals wheres there is a possibilicy of contact

‘with hydvogen sulfide, smmonia, or hydvogen pervoxide. Filre hazavds are
somewhat less then would be preseanted by an equal amcunt of newspaper.
Lesd scyveens coneist of lead foil placed in direct contact

with the surface of the film. To keep the iead foll flat, to prevent

' nd Lo assure go optact w: the film, the foll is cemented to
vwrinkles and ©o o good contect with the film, the foll is cemented to

a cardboard backing. The front scyeen is usually 010 to .02Z0 inches

thick, and the back screen the ssme as 005 thicker. The purpose of the

‘screens is o improve the imege snd intensify the action of the radiationm.

“The fyont sereen will sbsoxt part of the radistion coming

from the object. Both primery rvadistion {divect from source}'énd scattered

‘radlatlon resch this screen, Since the scatiered radiation 1s of less energy

and larger wave lengih then the primary beam, wore of it will be absorbed.

The reduction of the scatbered radiation by this differential action

s imags by f@ducimg the g@ne&allbackground fog
which is produced by the scattered radlagion. The lﬂadvfoil emits.photﬁa
elantxamﬁ'du@ to che wmode of lonteraction hmnwm@g the 1éad'8até@n ansd ganmd
i atudled how thﬁa LOMEs aboﬁ?. ‘Thaae photo
wl&ctmuna;mr& sbsorbed by the emulsion on Lhe phoiogrsphic fillm wore raédily
than the £ Buing godlanion dteelf. The front ecreen th@rafora results iﬁ'g

M

[

The back sereen 18 slightly chicker then, the fromt screen so
a3 to better abserb the bach scatter from objects behind the £ilm,

»

&6
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Radiation fyom yadloisotopes would be of liccls walue 1£ we baw no

means of aauzutin“ or measuriog it. PFortunately, a variety of devices are

k1

available for this purpose, vavying in c@mgl xxiiy from Bimplﬁ tonization

-

Lﬁambars to highly complex multi-channel anzlyzer systems. Such delection

systems weasure fhe swounit, type, and enargy of the radiétionn

ARI0E LRe more Ampﬁmiumﬁ radiation detectors ara those which react
to the {eonizatlor puwdumﬁd in chem by the imcide@t radi&tion”‘ This mlaas
inciudes Lonizatinn chambe ers, gelger counters, and clﬁud:mhamherap Iﬁ~these
detectors imalsation is produced bw direct intevaction of charged particles

wiith the detes *cr wr by a reaction ¢f & son-charged particle, such as a

neutzon or a gamas ray photon, with & constituent of the detector to produce

- a charged psrolcle which, i turn preduces the lonization.

& diffe

tiom 0% excitatiom produced by radiamian in certeln vmbatances@- This clasa

includes the scintillavlon counters, photographic emulsions, and various cheme

ical dosimeters. 4 Faw of Ile¢w will be described in more detaill,

Ionization chasbecrs measure the gquantity of ionizlog 'radiaéion;és‘a
viummtioa of the electirie charge produced by the fons in & defined ﬁolumeq
 Uau§l1y'mh@y conalet of two electrodes wmounted in a pert ially evacuahed ahambér
with ‘& constant potentlal acrosa ﬁhé Aﬁﬁ&bd 5, When such a ahamber‘is @xpaﬂ@d
T vadiation a current will be set~up sacross the eléctredas becausa the elec=

trons which ave knocked off the atoms of gas w¢11 be ater actvd to the paaitivb

elestyods., The aglm‘gm% gf this current is a wessure of the Lnt*nﬂity of
radiacion,

Proporbioenal counters are gas £illed chambeys ln which the pulss

produced Lo propovtional o the usaber of itows formed ia the gas by the prisary

Lona&iyg particle.

rant clans ut datectors W”h 15 wae of the molecular diasuciawf
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in the initi&i ionizing event.

Gelger counters are perhaps the most familiar and widely uszed radia~

“tion detectors. Th&y’mf& highly sensitive gas £1illed devices which opérate &

higher voltagea than ilonlzation chaabers to paoduce what is known as ava]angnﬁ

ionlzacicna The gas pressure, howmver, is lowar than that ia ffaportional

~ countexs. _They ave very sensitive and somewhat complicated and should only

be used b &n expevienced person. At certain ener levels aad in high radia-
. & 8 &

“tion intenmsity fields, a condicion known as "blocking® occurs and Ilncorrect.
% , _

readings way be wade. When the voitage between electrodes is bigh enough,
primary lome produced by the radiation travel to the electrode st & ﬂuffiw

ciently high welocity to produce other lous by collision, knuwu'anuucmmdufy

-ionizmtiﬂn, “his pwrocess vesults 1@ an avelaoche of lons such that the re-

' Bulting electyic curvent is lndependent of the number of primory ions producwd

Cloud chambers srve used largely ia niuclear research in counection

with accelexators to study che lateractiown of high enmergy particles. The cloud

a Y i

chamber developed by ©. T. R, Wilson Ls based on the fact that the passags of

‘an iom through a super-gaturated atwcsphere {s rendered visible by the conden-
‘sation of tiny droplets alomg the path of travel. The actual path of alpha,

betu” and gomme Tays hecome visible £o the eve. The chambex 18 easy to com-
struct and bas become a favordce of high scheol scilence falrs.

The ug¢maﬂJ1u dion counter belongs to the second ciass., Radiation

ccauses atoms in ceriasio chemdlcals or phosphors to emit yulses of light when

excited by radlation, ihen such chﬂtiﬁlﬁﬁ .on materials are combined with

photomultipliﬁf fubes uhm; Eorm a wery maluﬁbim and widely used class of

radiation detectoya.

Photograpble £lim badges ave also in the second ¢lasg. Since photo-

graphic fllm uwadergocs darkendng when exposed o rﬂdiatian, this effect 18 used

to dotermine the cunilstlve vadiation dosage by wmeasuring the degree of darkening

- & -
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Electrode - g

cother, The potential mcroas ¢

in a given time of swpooure, This type is wldely used for personai protection,

Our gurvey ifnstyutent s of the lfonlzaticu chawber type; and geaerzlly

“follows tha bmm;a sleeech helow.

o
&

v

Tonfzation Chambay

i

e e

AP A o, s

Ion ! : ‘ - _ . Mater

.Collecting i ‘ ‘ or

¢ . ' ' Eleﬁtr@nic Dial
Amplifier Galvanometer
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LTEATICH CHAMBER

The bezic ionizablon chisbey was wsnd by Medame Guris in the lats

’

1800%s end datzs back Lo the esrliest atudles of radioactivity.

it couvs: of o sylindvicsl chambew, the walls of which serve as

oné giectyode and a thin metal vod, mou ikw# centrally within che tuﬁ@ ﬂﬁ.thé
be eleocitwodes de swch that no curreant p@as@e
E@tw@ﬁm the @1&u£xﬁdﬁﬁm .

SuppossG mow that & uingl Zupﬂﬁ particio ox b¢rﬂ pu ‘tlcle, or im

ot any hoolmiog o Aﬂi@?ium enters the tube. This will cause the positiva

67 -




. fora tha imdicaging

"talned.

ions to travel towsrd the negative electrode, while the negative ions will be

attracted toward che positive electrode. As a result charges will collect om

‘the electrodes and an indicating lnstrument will reglster a pulse of curreat.

The amount of charge collecting on the electyrodes is, of course, ext emely

. . 4
small and the pulse must be amplifled by weans of sn electrounic awplifier be-
lostrument can be made £o respond.

A '3

If the magaltude of this pulse fox varicus values of the applied -

voltage, starting at zero and imcweasing to several thousand volis, is plotted

against the covresponding potential, a curve of the shape shown belew is ob-
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l_thia s ap follows:

It is not drawn to scale; its purpose is mersly to show the general

.quaiitativa nature of the variatiom of pulse size with ﬁhe'potentialvapplied

te the chamber.

It will ba u@tad that this curve is not smooth and that it can be

rou"hly divided into sizr zones ov Eegiuns, Ihree of these regions, 2, 3, and

"5 dre utdlized o various isstrumscts for the measurements of rédioactivity.

In regi@n 1 the niza of the pulse produced by the passage of a single alpha

particle inaraanm as & funtion of the nppli@d voltage, but reaches a constant

v&lue in region l when it becomes inn@pemd@nt of the voltage, The reason fQ:

When the applied voltage is small, the ioms produced in the tube
By tha'imyingingv@lyh& particle move slowly toward the respective electrodes,

cbnseqmentlyﬁ thers is swple time for many of the oppositely charged species

~to recombine that is to meat amd neutralize esch other, Tha strength'of the

"_pdlae r@giaﬁar&d'wiﬁa bums@queptly pe ‘less th&n if all the lon p&llﬂ originally

formed succesded in resching the slectrodes. As ﬁh@ potential across the uube

is incr&ab@d the doms tyavel faster, so the number of recombinationms is dimin-

"_ised;:and the pulse size is incressed. Ultimakbely, a point is reached, at the

begiﬂming of vregion 2, when the 1 s move towards the electrode so vapldly that
virtu&lly every lona produced reachss the electrvodes. Thus in veglon 2 the
pulse h@iﬂdt aemaiua steady even though the voltage is inc reased,  AlL of the

siapla innimatian chambers operate in this region with voltages that wvary

i

voughly between 100 sad 300 velts.

It will be noted, howewer, that in veglew 3, the pulse height again
incresses with voltage. Thiz is what ds konowe as the proportional veglon.

For its effective wtilization s cylindrical chamber s used which 1s made the

negative glectvode. Along the axdas of this cylinder is centeved a positive

wire alectrode. When the voitage is bigh encugh the potencisl gradient near

o 45 w T
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the central wire becomes zo lafge that the electrons produced in the primary

ionizacion of the-ghs by an alpha or beta particle, are accelerated to high

speeda, In region 3 thia speed becomes high enough for the electtions to ion- fv‘

ize other atoms or molecules im the gas and the electrons so produced may

cause fdtther lonization. This condition'buildé up to the point where'the

mulLiplicatiou effect results in an avalanche, thus greatly ‘increasing the

a; pulse height. The total number of iom pairs produced in this way by a single
“ prima:y ion péir ia called the‘gés amplification faptor, It may become as .
:‘high as 105 ip region 3. If the voltagé in maintained cdnaténc in Ehis regioh_»

.ﬁhe gas amplificmti@n factor remains constant énd-the'éize of the pulse is

proportional to the number of prrmary ion pairxs produced by the incidenc

iqnizing p&:tiCLm“ For thia reason ianiza;ion chambers which aperate in chia

Hregiqh aré called proportional councers;_ The voltages-uaed in operating in
"fthia range varies from 590 - 1000 volts and gab is usually a mixture of,argoﬁ
- and m@thane. The srgon increases the amplification fa&tar while the methane

contributas to more stable mperati@ne,

AL stilli highar pot@ntialm the character of operaticm agammchanges;
Regianlﬁ is very useful e is known as the Gelger - Muller regicn. Comditions

in this rveglon weke possible the well known Geiger counter. Because of the

design of the Gelger counter, in this vegién the number of pulses become essen=
tially constant xegardless of veriations in voltmgea An important.advamtage

of %hm Gelger counter s the fact Lh&& the gas &mplification factor may attain ‘

a value 80 high that the pulses z@quire livcle @Aternal amplification.

The gelger tub@,ig filled with an inert gas such as neon or argqn‘

"énd small ampunts ©f organic or halogen vapor. The avalanche effect 18 pt0f.

duced giving a pulse of current which activates an electric circult., - The

r

organic or halogen vapor acts to termimate the pulse and restore the thb@ Lo

. 50 =
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its sensitive conditiom. They do mot read true dose ratio unless specially

- galibrated. _ﬁhay read number of iouizing events without regard to their

enargy. They can oxilbit sn effect called “blocking" where a high radisticon

‘level may be read as & low one.

T




exposure while p

PERSONMEL, DOSIMETRY

Self wveading or indirect reading pncket lon chambers and charging

devices are used for iundividual preotection, They are Pﬂﬁantaﬁklj capacitors

constyucted to dischargas dv a predictable mamner when exposed to lonlzing

radiation. The charge, placed co the chesmber upon proper insertion in the

- dosemeter charger unii can Blso lssk off indicsting an erronecus exposure.

They may be sccidently dischargsd 1f the tilp of the cap, or the fingex should

rub mcross the terminal. PDust inside the cap may mlso result in leakage.

Bue to irvhovrent lisitations any off-scale reading wmust be veported
as "greater than full sesie’, uvadsr ne condiitious may che reading be interpo- -
lated, as the sctval euposure may be several times full scale xeading or oaly

Thils s covered In ouy emergency operating procedure.

pra eve reiatively ina@neiti?e.to beta &nd alpha par-

“ticles. Dosimeters sve worn only o give the wearer an estimate of his

plving the dose, dn ovder that he may limidt hiwmsgelf te the

- peralssible levels. “1%&3 pement, sften as large 28 tenfold, between Jdosimeber

and filn badge wmeasurmentd Lb Lo be expected, the dosimeter usually reading

low. -

Dffieial records of vadiscion expesure are the film badge measurments.

Badges are ﬂunakw woed with £ 0w I sepavate pleces of film with varlcus typ@a

of shielding material in ordexr tv ascertsin the various types of radiation.
Normal accurscy iz visimed to bs plus or wminus 0% for gamma radiation. The
badges ahould be worn c;waaly wigivlie on the iront of the body somewhere be

gween the weist and the neck. This tends to prevent unitentionsl shielding

;-

of parts of the film by pochet sarvied pencils, ete.



N ‘ “Experience haz shown that two points are not fully understood by

persons to whom f£ilm badges ave issuved., Oune is that film badges are not to

be abused. This includes delibrate exposure of the badge to radiation while

it is not bailng worn by the perscn o whom it was {ssued, the use of the film

badge as an expevinental detector, and the rearvanging of the film in the
’ v

badge, The other polnt Ls that & £ilw badge voutinely issued to a person at -

& particular aves shouvld be worn by that person in all aress, ao that he

‘maintalins & sivgle cumulative record for each peviod. Do not work in & radia-

clon ares withour vouy badge, alwavs wesr only your badge, and in this way

maintain your cowe fndividusl and perspnal vecord of your radiation exposurs.

U
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THTRODUCTION

) H

The Iastrusencs Divigion's Model 110A Unitrom is deaigned_tqvf

safely store or remotaly expose an eacapsulated source of gemma radiution

it
"

for Iodustrisl Radiography. A complate unit cpnaiata of: . N
| {1} 4 bodel 1104 Unitron Head Aaﬂemhﬁ@? | ;
{2) A Piexibls Source Tube Aﬂﬁembiy;
;{BQ & Flexzible Source Position Indicator &asémbly;

The Unltron Head Assenbly stores the encapsulsted source in a safely

locked position and after unlocking, permits fres paseage of the source into
the Source Tube. The Source Tube guldes the source to & vemote locatiom. The

‘Source Pesition indicator Assembly is the mechanical drive system that exposes

the sourcs from o vetrects 1t inte the head.
& complaete unif permliis remocte radiography of opecimens that are 50

Cfeet away from the aperstor, who may remsin behind a.shield during the expoaure.:

Bither pancranic shots of several specimens 'or an Loterazal shot of

& siugle speciment can be obtained by placing the end of the Source Tube Aasémé>"

~bly lo the propsr location beafore suposing the soudee,

5y
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- Atzachment of Soures Poslt

1. Rewpwe the plug thee

4, Stwaighten the dvive cable

ahiald.

OPERATION

CAttachment of Source Tube Asgembly

Reuove the alumiouvm plug fyoem tha [ittdag in the fromt of Lhe -
Unitron and thread the source tube soupllag inte place,

£

Cion Indicator Assesbiy

the lock box of the source desleoed,

adad Lun

"

oud the gource cable disconncect o that

t 15 exposed approximately 1/49 bevond the lock box.

Mo Bo Pulline the scurce coble out with the wmechine wnloeked may veswlt In

ha e 4

vhe aource cmmlne out of the hoad comnlersly and ‘exvoalns nerconoel

)

o 4 radiation hosswrd,

3, Connect the diseonneci om the deive cablie with the digconnect on the

sourse eable by bringlng them topgether at right asngles.

Wi thread the control cable sdapter iate the
L . t

fitting provided ou the lock buw.

The Usdt Lz owg

o - oo g o ol
% 5:‘321 b %z, S

To set up for sperstion, the end of the scuvce tube ip placed In

caived to bave the souves esppear. The end of the tube

mey be held n pesizlon by tape, fest bube olimp, wood blocks, or in any othex

1
o

=i
o

sultable wanner. surne fube should be sw straight as posalble for esse

oi eperatlion,
The Souree Poesltlon Indlcator Assewbly is then extended to its full-
est iength in order to heep & sinlova oumber of bends din the conkrol cable

and walntedin o oexlous distence batwesn She oprrater and ¢he sevrce., 1t is
: i

proferable to have the operator with the control hendle bahind e pevasonnel

E
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After unlocking the wnlt with the key provided, the source s

i1

%

e

Is
&

cxposed by turning gntrol handlie clockwise uwnril the socurce comes to

on the

£
L4

rest &t the ead of the source tube. Tha source position indicseto

handle shows the position of the source in the source fube at &1L times.

Yo forvcing of vhe handie 1z neczssary.

¥

After the exposure, the souvrce is rvetuxwned o the head by Curning
the handls counterclochkwise until the souwrce comes Lo vest Iin the safe
’ 1

-position and the pource positlon indicator reads zewvs feet., A Suvvey Meter.

.'@hduld alwava be used bte mokae cortain the soures is ﬁroverly ghiaided. The
wachine should be locked after each exposure to prevent inadverteat opgration
and pessible oversxposurs.

Whenever ¢he gourca fubs or source pousition lodicatoyr asscambly is

digconnected frem the head, the plugs provided with the unit should be

screwed into the cutlet sad inlet ends of the head., This will prevent tha

acousalation of dire Lm the hesd and will also prevent the gsource from falliag

out of the head in cose of misoperation of the loeck.

The pointer on the source position indicator has a ﬁen&anﬁy to
drife slightly sver B large auwaber of speyations, .Tﬁ@ paiﬁtéx la reset Lo
Cowero with the source ln the bead and che machine locked. The smsll screw
von.&hm pmiﬁt@ﬁ.mhaﬁt 13 loveened slightly snd Che pointer regel at 2er@.f@et;

The serew Li then wétighconad.
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.2.0 Opexation

Operation of the Cs-404 1o extremely siwple. The instrument hus beda call-
brated aand fully t@ﬁtéd before shipment and the eperator need only adjust
the meter ZIRG ABJUST om the cop of the inatﬁumeﬂt cage and select the
desiré& weter pange to obtalan accurate wadiation ﬁenauxcment, In sddition
tuvthe OFF and ZERO positions five rvaunges on which the wmeter reading 1s
mﬁltﬂpli@d by 10,000, 1,000, RDﬁy 10 #nd 1 are provided giviag the instiruzent
the ability to messure fields raunging from 1 wme/hr to 50 r/br.

To'aef the C§-40A funto operativn eimply curm the selector ewltch @nto‘the
'Zﬁﬁo posltion, Tﬁin applies filmmaﬁﬁ voltage to the electrometer tube aud
power to the time delay elrcult, Approximately 1.5 seconds after this vol-
tage has heen appliled the power oscillator Lls enexgized_amd all required

voltages are m?pliﬁd Lo the imetrument. In this position the ZEROIAPJUST

_coantrol should be adjusted for a zero meter veading. It is to be noted
that in this position the instrument may be zeroed in & radloactive field

. of any intensity withont effecting the ealibration of any of the five ranges.

When the meter zevelng has beew m@campliahﬁd turn the selector switch to the

Z 10,900 position. In teking weasurements, 1t is always desirable to have .

" the selector switch sei ou the positlon which gives a near midscale deflection.

This switch hme been designed so that the first position encountered provides

- the highest scaling factor.

Thiag prevents the possiblility of meter damage which could result Irvom an

excesaive amouwnt of vadistion sending the meter pointer rapidly oif scale,

-"'After it his been determined that the amount of radiosctivity is not sufficlent

to deflect the needle weny midacale, turn the selector switch to lower rangos
i %

until the defiection i such that the most accurats reading ls obtained. The

. vesding times the secalisg fectoy du the asount of radio-sctivity present in

witifvoentzens per bowr. A moeter sensitivity control Lo provided at the
! o h .
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“switeh 14 arve ﬁ&*%m and free of wmolsturs, the caiibraticn performed on any

bottom ¢f the iustvument for calibration of the C3-40A. However, this

control has been preset and normally will nov vregquire readjustment unless come
Pr

_ponents, other than &he battery ave rveplaced. Re-calibration should not be

attempted unless s known source I1s avalleble aad the proper wethod kuown.

f

The screw-deiver adjustment on the top of the meter s alse preset aad should

not be moved unless the weter needle indicstes somethiong othexr thasn zero
with the selector switeh in the OFF pa@ tion.

3.0 Galibration

Plece the €5-404 im an ana“*‘ﬁfﬁy known goams radiaticn field. Turn the

selector switeh o 8 yvonge which will provide the meter deflection nearest - - P

midacale. Showld the lnstrument reguive yecsildbration sdjust potentiometer
R1Z located ow the underside of the instrsment wntll the covrect veading is ’ ' ‘L

obtalned.  Provide thet all range vesistors, RL, R2, R3, R4 and R5 and

voange will be welld for the wvewm aﬁn%wg LA .

W
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o L FILY BADGE_PROCEDURE

P V ‘.1;‘-Tilm badges shall be worm by all Eadiographj personnel during wosking
o : hours.,

2. FEach film badge shall be plazed in the film uudg@ sturage area at th@;
end of each ehift,

- 3. Due to flectuation ¢f personnel incoming badges ave numbered oanly. &t
© " the beginnlng of the week take your new badge, use the same pumber LE
possible, write your name scross the face of the badge. Wever use a
bndge that anyone eloe has worn.

&, ¥Film badges sve to be charged waakiyb but 1f new badges are lote, they
- may be worn a second week also. In this event edch man will make a nota-
tion of the dates he wore the badg' viz June 3 to Jume 14, 1963, The
man mailing the badges to the processing romp&ny will wmake a notation nf
" this on the pocking silpy

5. Control badges remsin in the storape area end ere not to be worn.

6, All fila badges must be kept away from excess heat,

7. VWhen returning badges to the processing company, send all badges, even
- those unot weed. IHake sure # wans name ls om all uwsed badges and writs
his name, beside the film badge number on the pocking slip.

‘8. In the evealb anyohing goes wrong with the fllm badge, @ L{ anything
happens that these lnstructions d@ not eover, call Mr. Robert W. Ripley
or Wiililea ¥, ﬁﬁvia, lamediataly.

ot

w
\
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UNSATISFACTORY RADIGGRAPRICS

I High Density
Ao Owverexposure
"1, decreasse exposure time by one third
2. check calculations of exposure
3. check steel thickness
B, Ovepdevelopment
1. temperature of developer solutida may be

too high (over 70°F)
- 2. wrong time cycle on autowmatic dgvelaper

" II Low Densicy

Ao Underaxposure

" 1. imcxeaat exposure time hy one thlrd tao -
one half

2 check caleulations and sactian thﬁcknﬂss

&

B, Undﬁndmv@lo?mtnc

'

L. temperature of developer too low (below 65°F)
2. we&k and wornm out EOL“YLOW&

111 Low Contwast

. Wrong film

1. consult film chart wse film of highe: contrast

L. film slightly exposed to a light source
2. developer and or fixer, weak or depleted

-

J. Mght leaks in dark room
b4, prolonged exposure to daviroom “safe lighe®
5, too high wattage bulb in "“safe lighe®
6. back scatter fyrom radiation, check lead screemns,
put more empty space behind film while exposure
iz belag made
7. too iong developing, hot dQlecper solution
3, old {ilm, always rvotate f£ilm, the date is always
on the bilm box
o inspection of filwm beforxe couwpletely fixed
10. do wot look at film through a viewex until it
SRR X Lompletnly fixed

-0
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IV Streaks
A. Plim
1.

.
24
3

v RS

harpdiing and processing

feilure te agltate film during processing,
move films every few seconds in all solutions
ingpection of f£ilw during development

use photo flo dn final ringe

V- Poor Definition

Ao Bxcessive object o film dlatance

place £ilm firmly bul gentiy agalnst the
objiect belng vadiographed

increcse gource to film distance

use smalley source gize {phyaical) .

Seyoens

dirty and oxldised lead scyeens
papey between lead amd {iln

poot eontact between lead and £1lm
cavdboard £ilm holders sometime sag during
exposure thus 1t separates the lead and the
£ilm

C. Coarse Grain

Vi Has

B

G

o Ao

L. check £ilam chagt, use finey grain films
2, developer too ward

Cdhite Sown

L. Plxer et completely ringed oof £1lm

L. extyeans vempersture changes during processiig

Blisters

1, yeaction between alkaline daoveloper and acid
£ixing bath, wili form cerbon dioxide gas

o

O
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Absgorption =

Alpha Particle

Ao =

~Attenuation -

Bremasty
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calilong =
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GLOSEARY

OF TERME

UEter used when attenuvation is wmeant

processes by which radintion dicap;

- & heiiuow wucleus consitlng of 2 protons and 2 neulrons,

ore whith 2 double charge. The atomic numboy
of the oviginael ilsotope methim the slpha pavcicle i reduced

6 i
'

2 and its

by

mass nuwber by 4.

amaileat particle of an elesment which is capable of enter-

a chemical resction. . ‘ ’ : R

srocess by which

hopyimery guants ox photons ave veduced in

pwnbey on passisg through scwe medivm,

o radiation due to cosmic xadia&ctive'

rays,

LR YA in esvvh ss bulldl

materials, and the slight radic=

active contamination of the instrument meterials.

" By - w ¥ ye -
The production of elsot

ol a shayrped “w‘.::i:’m‘i, upually as electroa, while passing .
ia gontluuouy 3 ORI

spectrua Lrou

w

1y monechrodmatis vadlatlon emltied by an atom when
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Converslom «
alectrons

. Collimatiom ;,

.Colliaiou -

:'CUria -
-y:Decay -
'{(radioactiva)

Density -
- {photographic)

Density -
{phyvical)

. Digintegratiom~

Poaae =

i
D

lectron »
Fy Js..dré'ﬂl

pexr second is 3.7 x 10

emigaion of & particle or & photon.

L

Confining a beam of particles or rays to a defincd ¢yross section.

A close approach of particles or photons during which there is

an interchange of energy, momentum, or charge.

g

Are wrbﬂtal electrons ejmccud by photoelectric coaversion of

nuc lear gammé rays in the orbital levels of the swne atow.

. They do vot arise from the nucleus and therefore do not repult
in & transmutation. Thua, they aré distihguiahed.from nuclear

beta particles, although they have the same physical propertieé;

- Amount of radioactive material defined as the quantity of any

radioactive material im which the number of disintegratiohe
10

Disintegr&tiam of the nucleus of an atom by the spontaneous. fﬂﬁ

A wessure of the degree of darkening of photographic film; '

The weight of a substance per wolt volume such 88 pounds per

 cuble feet. ' - )

Procesgs of spontaneous breahdown of a nucleus of an atom -

resulting in the cmisslon of a particle or & photon.

& guantlty of radiation.

4 wode of radicactive decoy dn w%ich &0 0"biluL clectrom margas

with the nueleus, ?mmamﬂm is ifoliowed by cadssicn of an clice-

tron of Faoton.

o>

L e N s




v © Blectron =
- Volt

Bucrgy -

jzfxfythema.m

Exposure doss -

N )(/Fréquanay -

Gamsa Ray =

CGenetie -
Sifeat

}
|

Geamétry -

' 7( Half-1ife -

A unlt of energy. The charge in kinetic encrzy of 4a electron

when 1t ip sccelexated through a poteatial diiicrence of 4

volt,

The ability to do work. Potential energy is energy due Lo
relative position {elevated weight) orra configuration
{celled spring).  Kinetilc emergy is enérgy due to wotiom

{a speeding auto or electwon).

An sbrovmal reduess of the skin caused by & variety of agents

incliuding ionizing radistion.

A measure of the x ov gemma vadiation at a certain place based -

PO itﬂ‘ﬁbility to produce lonfzation. The unit is the

roenigen.

Humber of eyeles, vevoluticus, or vibrations completed per umit:

Cime .

Righ freguency, short wawve lengih, slectromagnetic radlation
emiteed by the wecleusof an atom, Identical in wolume with

wevays of the same wave length,

Inheritvable changes {(mutations) produced by the wbsorption of
ionizing radintions particularly by the gonads. Bffacts ave.
apparentiy additive with no vodovery.. )

welative avrangement of source, casting osad £1lam.

The time yrequirved for & vadiosstive gubstanps to lose one-
haif of 1t activity by decsy.

o ) _ : .
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.» Haif-value -
' Layer

Internal =
Couvoersion

Ion «

'Ioniiatian -

Iondzing =

" Radiatien

Isodose Gurva«

‘-.Imwﬁopa -
X

"R

s
+o

4

LCETOn =
CCapbwee - L

. Kilo =

Dq/ .'
.

Hlero -

2

f

i1

*
A

i e

duount of shieldlng waterial wnecessary to veducs cudiation

lavel by a factor of 2.

A mode of radicactive decay in which the gawass rsays from exe
cited nuclel cause the ejection of orbitai electyons from

the atom.

Atowmic #articla, atom or chemical radical bearing oue or wore

‘charges of elither oign.

.

The process wnereln lons are produced.

ry

Radlation capabie of producing ilons by direct ot secondary

processey; alpha, beta, gamma, neutrons.

A curve depleting points of identical radiation doaégalin an

Ares .

One of sewveral stoms having the same number of protoms in

thetr nucled and hence belouging to the same element but

dlffering in the number wf”nemﬁwaua and therefore in mass

wsabar .

»

The procoss whereln en electvon in the K or inney shell of an

atom 18 capteved by the nucleus during a8 nuclear veactloun.

in the process # chavacteristic stexay iuv culviad,
Prefix dudicating 1000 as in kilovolt.
& prefiv dndicaging one wiillonth,

& prafix indicating ons thovssndth.

-

b5

- ——




Houltoring - Periodic or continuous determination of the awoune i lon-
izing radliation or rvadivactive contamination preseni in an

area.

" Mowochromatic = Eleciromagnetic rediatiom of 2 single wavé lengeh in which

“} radiation v
A ’ photons are all of the same encrgy.
4 | , |
g Nucleus « . The heavy central part of an atom ia which wost oi he wiss
. and the total positive electric charge is comcentrated.
i . .
o , .
%Q Photon = . & discrete wniv of energy as waves,
b
.} S T
. Positron = Particle equal in wass, opposite in charge to the electron.
“l | |
Primary - Radiatlion arising directly from the target of am x-ray tube
E Radiation L . : : :
| or from a vadloactive sourca.
| .
I Xad - The upit of sbsorbed dogse. 1t is 100 ergs/g of any material. -

Ra&ibaaﬁivimysw Spanaameau@:diaint@gr&tidn 0f sn unstable nucieus with emiaaiun

L

of & particle or a photon to form a different nuclieus.

[

3

| }< Rem » . {Roentgen - equivalent ~ man) A unit of biolosicul dose, ii
'i ‘ ‘ B ia the amount of energy absovbed in tissue that prdduceé the
L . , :
same biologlcal efiect as 1 R of gamsa tndiatian oL E=TBYS.
Fow our purpose 1L R = 1 Rém, this relationship 1s wot true for

alpba or beta ravs.

\4. Roeutgen - The unit of radiation guantiny, which is based on the amcuni
N ) , ‘ : ,
_ o of donlzatlion in alx, about L blilion each of positive and nege-

vive lows per cuble centimoter at standard conditions O-degrecu

concigrado and 780 wmm gpevcury, It is the awouni that produces

Loy >
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Roontgen-
(cont'd.)

scattared -
Ruclacion

Specific =
Lotivity

, Wave Length =

1.61 = 1012 fon pairs im 1 cc or one geum of aly, uader

standard condition. This corresponds co 83.3 ergs of wucugy

.per gram of alx,

Radiation whose divection has been altered by an lnterscoioun

With matter. ) . v -

“The total radicsccivity of a given lsotope per gram, giviw

in curies/grnmn

The distance between any two siwilar polwts of two comsecu=

tive wavea. Expressed in angstrom unlts or cm.
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6. (e) OPERATING AND EMERGENCY PROCEDURES
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General Steel Industries, Inc.
Operatxon Procedure for Use of Cobalt 60 Radmgraphic Sources

All "Radxographers" (as defmed in Title 10, Part 31), 24-MEV Betatron,
shall: .

1. Read and understand Parts 20 and 31 of T1t1e 10 oi the
. Code of Federal Regulations.

2. Read and become well acquainted with the Instruction Manuai
' for the Budd roll-out camera devxce and. the Rachomc Panoramic
camera

3. Read and retain a copy of these Operating. Procedures and the -
" attached Fmergency Operating Procedures.

4. Recexve mstructxons in the operatlon of the exposure device
and receive actual egcperlence in its operation.

5. Receive insti‘uctions_ and procedures-fr'o.m’Mr. H. B. Nbr_ris..
6. Receive instructions in health physicé’,; monitoring and personnel

“monitoring and dosimetry from a physicist from Nuclear Con-
sultants Corporation, or other source including GSI personnel.

- Above instructions will i'ncludellect_urves, actual use of exposure devices and:

survey instruments, and practical problems, utilizing Appendix A, Part 31,
Title 10, CFR, as an outline. A copy of this training program is attached
as 6(f). - .

There will be no transportation of sources or exposure devices to any field
location, nor in fact, shall they be moved from the special radiographic’ .
room within the plant. All records will be maintained by Mr. H, B. Norris

or by the di vision accountant (inventory)in the division accountmg department
at the same adﬁress

Only "Radiographers’-'iicenséd by the AEC and aésigned to this department
shall have keys to the radiographic room and to the exposure device, Under -
NO conditions are you to loan or give your key to anyone, regardless of his
position within the company without the direct approval of Mr, Norris. If
your keys are lost or misplaced, ndtify Mr. Norris of this at once.

_All "Radiographers' must wear film badges whenever working around radiation
- whether it be x-ray, betatron or the Co 60 sources. ' '

Section 6 (e) Page 1
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'Op'eratirig ‘Procedure for Use of Cobalt-60 Radiographic Sources (Continued)

'They must also wear the pocket chambers provided when working with the
Co 60

A step-by step procedure whlch is to be followed by each shift and each man .
is tabulated below: :

L Unlock the door to the radiographic room from the outside,

‘ enter and immediately lock. the door from the inside, This
is.necessary due to the higher than normal noise level in the
plant. A loud siren is located over the door with a push button -
‘activator on the outside for use in the event another radiographer .
muat enter ‘the room while it is locked from the ingide.

2. Place film holder and any other eqmpment taken into the room
" in the small viewing room outside the radiation area (but within
- the radiographic room). Using ‘the NRD Model CS-40A survey
" meter, make an entrance survey of each exposure, device
(Budd Company's Model 110A Unitron Radiographic Camera).
) 'makmg certain no sources are exposed.

3 Make the necessary entries in the Uhhzatmn and Survey Log
(See attached sample of log.)

b S 4, Set up exposure film and fix pos1t10n of source tube. Alwaya
. place source as near center of room and as far from the walls
‘as is practical, Never place source closer than four feet from "
the wall unless it is inside the casting, Make certain source .
tube is firmly fixed in position required, and that any angle in
' tube is not too sharp to prevent easy operatmn of source w1th1n ‘
“the tube,

-5, Turn on red warning lights. These lights are strategically
- located on the top of the exposure room walls, and over the.,
e : ‘ outside entrance, so that they may easily be observed by any
P personnel passing by the area adjacent to the exposure room.,

-6, Unlock Budd Camera devices.

o 7. Have castings and camera located so that the control cable may
- S : be operated from behind one of the 4 inch thick armor plate steel
’ :‘ shields separating the radiographic area from the control area.

- The control cable shall be maintained behind this shielding at

----- ‘ all timés. The source may now be exposed utilizing the control

_ cable from behind the armor plate shields. Observe the source:
) , ‘ position indicator,

i o  Section 6 (e) Page 2
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Operating Procedure for Use of Cobalt 60 Radiographic Sources (Continued)

. Make neéessary entries in Utilization and Survey Log.

"Radiographer' retires to small room outside of radiation -
area to time and wait for exposure to be completed. At no

“time should he enter the exposure area (forward of the steel

sh1e1ds) when sources are exposed.

After exposure is completed, retract source into source holder
with control cable from behind armor plate shielding.

Make an operational survey of the entire area, taking special
note of source tube and camera device. :

Lock camera device. This should be done even though a second,
exposure is to be performed within the next few minutes.

Make necessary entries into Utilization and Survey Log. (See

attached)

T'ur.n off A"W.arni'r_'ig' iight.

.Steps No 3 to No. 14, 1nc1us1ve, may be repeated from two to

five times before going to lunch, or between trips to the darkroom .

‘and film storage area, or the end of the shift. Darkroom and
office are over 500 yards from exposure room,

Before leaving the room, whether to go to lunch or darkroom

" or at the end of the shift, a final survey of source holder and

source tube will be made and noted in the log. Be sure.to sign
the 1og ' ' '

Leave exposure room and lock door from the outside. Nev‘er"
leave room, even for a few minutes, without locking from the
outside. : s i ' e

A final dosimeter reading will be made and recorded at the end ,
of each shift. Film badges as noted above will be worn throughout

. the._ eight hour shift, regardless of work being pe'rformed.

See Ernergency Procedure for proper action in case of an emergency.

'In case of emergency follow those procedures and call Mr. Norris
-at once. His telephone number shall be known to-all radiographers

and is always on file in the company guard house which is open -
24 hourb a day, 7 dayvs a week.

Section 6 {e) Page 3
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: Opcrdtmg Prou durce for Use Of Cobalt 60 Radiographlc Source In The

Betatron Room

All radiog"i'a_.phex;s.muet wear film badges and i)&eketﬂcbambers pr'ovided'
wheénever working around penetrating radiation, whether it be from the
Betatrons or the Co 60 sources.

T ]

. Unlock the door to the Control Room from the outside, enter
and immediately lock the door. In the event another radiograpber

must enter the Control Room while it is locked he w111 have to-
knock on the door

. Using the NRD Model CS 40A or the‘Victo_reen Model 592B survey

meter, make an entrance survey of exposure device (Radionic
Panoramic Camera Model P60-100-A) rnakmg certain no source
is exposed '

. Make the'nece'ssary entries in the utilization and survey log.

._Always place the casting as far south as the handlmg crane will

permit, approximately 54' from the north wall. The rastmg will
be as close as is practicable to the east wall. Set up the exposur_e

film and fix the position of the source tube. Make certain the

source tube is firmly fixed in the position requxred .and that any
angle in the tube is not too sharp to prevent movement of the

‘source within the tube. The Co 60 camera will be set apprgxx'-:

mately 3' from the east wall and 32' from the north wall. The
control crank unit will be inside the control room.

. /furn on red warning lights.. These lights are strategically located
at the entrance door to work area and at the double leaf door. Lxgbts

may easily be observed by any personnel passing by the area adJacent
to the exposure room. :

Unlock the Radionic's camera device.

. Have casting .an_d" camera located so that control cable may be
operated from inside the control room. Observe the source position

indicator.

. Make the neceseé.ry entries in utilization and survey log.

. Radiographer returns to the Control Room outside the radiation
“area to time and wait for the exposure to be completed. At no time

should he enter the exposure area (forward of the 10'0" thick sand

filled wall) when the source is exposed.

Section 6 (e) Page 4
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o Operatmg Procedure for Use of Cobalt 60 Radiographic Source in
the Betatron Room (Continued)

10. After the exposure is completed, retract the source into the
camera by means of the control cable from inside the control
- room,

11. Make an operational survey of the entire area, taking special
note of source tube and camera device.

e i

. . 12. Lock camera device. This should be done even though a second
' exposure is fo be performed within the next few minutes. '

13. Make necessary entries in the utilization and survey log. (Sze
attached) '

N 14. Turn off warning lights.

15. Steps No. 3 to No. 14 inclusive may be repeated several times
before going to lunch or the end of the shift. Darkrcom and
offices are located in the processing area beh!nd the 10' oV
thick sand filled wall.

- - . 16. Before ]‘eaving the room, whether to go to lunch er darkroom or
at the end of the shift, a final survey of source holder and source
tube will be made and noted in the log. Be sure to sign the log.

17, Leave exposure room and lock door from the outside. Never
] : leave room, even for a few minutes, without locking from the
outside. ' :

18. A final dosimeter reading will be made and recorded at the end
~of each shift, Film badges as noted above will be worn throughout
the eight hour shift, regardless of work being performed.

4
s
~O
N

See Emergency Procedure for proper action in case of an
~emergency. In case of emnergency, follow those procedures
P and call Mr. H. B. Norris at once. His telephone number
‘shall be known to all radiographers, and is always on file in
the company guard house, whichk is open 24 hours a day, 7 days
j : a week,

Section 6 (e) Page 5



o EMERGENCY OPERATING PROCEDURES

P A telephone is located in the small room protected from the radiation
o area but within the locked exposure room. Any deviation from normal
SRR operating procedure may be reported tc the supervisor in charge of

i radiography without the necessity of the radlographer leaving the locked
- - exposure .room. All men handhng the source will be radiographers within
; Lhe definition of Part 31, Paragraph 31.3,

EMERGENCY MO, 1 DOURCF CANNOT BE RETRACTED INTO THE SOURCE
- HOLDER OR THE SURVEY INDICATES THAT IT IS NOT WITHIN THE HOLDER
WHF’\I IT SHOULD BE, THE RADIOGRAPHER ON DUTY SHALL:

1. The warning lights will he on in conformance with operdting
procedure, If the emergency happ(,ns at any otber time
turn on warmng lights.

o ' 2. Call H. B. Norris, by auto call or telephone.

w

' . Unlock door, leave radiation room, and lock door from the
. outside, '

"i - 4. Using NRD Model CS 40A survey meter, survey area immediately
. ’ surrounding rddlographic area, and post any area of greater than
5 mr/hr. '

i

. Maintain vigilance at doorway until Mr. Norris arrives.

THE RADIAT{QN SAFETY OFFICER SHALL:

1. Obtain full story, evaluate, rectify if possible.

] _ 2. If necessary, call Nuclear Consultants Corporation or the Budd
Company. Exposure room will remain locked and all warning
lights will remain on until area is safe. Radiographer will
o - - maintain persconnel vigilance at exposure room door if gravity

' ‘of situation warrants.

3. Record will be made of the incident.

. : 4. AEC will be notified, if riecessary, in compliance with Title 10,
o o Part 20, Paragraph 20.403.

i v

Section 6 (e) Page 6
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E‘MERGENCY OPERATING_ PROCEDURE (Continued')

EMERGENCY NO, 2 . POCKET DOSIMETER READS OFF SCALE

. Do not extrapolate.

. Recharge d(:)simete‘r", check it after 15 m_inﬁtes, repeat this
step. If it reads off scale both times, it is probably faulty.

. Deilelop casting e:ﬁposurﬂ'films, see if they‘hav_e‘the correct

dens1ty with no distortion. Any misalignment of source or

-source tube that could result in overexposure would not give

a satisfactory radiograph.

. Check survey instrument. If survey instrument and radiographs

prove to be all right and dosmnerer indicates a faulty d:scharge,

. assume dosimeter to be faulty, Use spare dos1mcter. _

. Call H B. Norris and nottfy' him of these results for his

evaluatlon belore making any other exposures.

. If above indicates that the apparent overexposure may have

actually occurred, send film badge in for processing with
request for an immediate reply by telephone.

L If f'i.lm' badge report substantiates dosimeter rea‘d'mg, the

radiographer will be sent to the corporation doctor with a
full report. '

. AEC will be notified in conformance with Title 10, Part 30,
+ Paragraph 20,403,

Scction 6 (e) Page 7
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