
xEN E R L S7EEL IN •LDST U SE

CASTING3S DIVISION.

1417 State Street

Granite City, Illinois 62040

August 2846 D

Mr. Nathan Bassin
Materials Branch
Division' of Materials Licensing
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Sir:

We have received our A.E.C. License for the period through
July, 1977.

Enclosed is a final copy of our license application complete,
with the amendments to the license of May 19, 1972 and July 17, 1972
inserted.

I am also sending a copy in this form to the A. E. C. District
Office and to the State of Illinois Department of Public Health.

Sincerely,

Robert :ipe
Manager of Quality Control

RWR:crr

Enclosure

cc: Mr. Boyce H. Grier, A.E. C. Regional Director
Mr. Franklin D. Yoder, State of Illinois Dept. of Public Health
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Gr~milu (Aiy, Illiniois 62040

618 - 45.1-2120

February 15, 1972

Mr. James N/felano
Senior Reviewer
Division of Licensing & Regulations
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. Melano:

Enclosed is totally revised application for renewal of the U.S. Atomic
Energy Commission By-product Material License #12-8271-1. It has been
rewritten in order to incorporate changes made at General Steel, the large
amount of paper work recently generated between GSI and the AEC, and the
elimination of out dated data.

Your review of this application will be appreciated.

Yours truly,

Manager of Quality Control

RWR:crr

E nclosure

-3-
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December 9, 1971

Memorandurn to Mr. R. F. Harris:

To conform with the 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, the Radiation Safety Officer, haust 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, the Radiation Safety Officer again must be notified
and his permission granted.

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 2.7,
1964, and the third revision addressed to Mr. Ditchfield, dated January 28, 1966.
At the present time, Robert W. Ripley is the Radiation Safety Officer.

R. W. Ripfey&/
Radiation Safety Officer

RWR:crr

cc: JP(6) PCW
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6 (a) Description of Radiographic Facilities
(Ref. Instruction 6 (a))

#6 Bldg., Radiographic Enclosure
Drawing of Facility
Description of Sources,
Operating Practices, and
Signal Devices
Report of Radiation Surveys
Dated June 24, 1962,
August 1, 1962, and
January 19, 1963

GSI Betatron Building
Drawing of Facility
Description of Sources,
Operating Practices, and
Signal Devices
Report of Radiation Surveys
Dated January 29, .1971

Government Betatron Building
Drawing of Facility
Description of Sources,
Operating Practices, and.
Signal Devices

Section 6 (a)
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6 (a) Description Of Sources, Operating Practices, & Signal Devices

General Steel Industries in its normal operation produces a wide

range of very large 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 rnore easily comply with state

regulations and to reduce our cost by purchasing rather than leasing material,

we have purchased two 300 mc Cobalt 60 sources from the Budd Company

which are mounted in two Unitron Model 110A roll-out cameras. These

sources and cameras will be used only in the specially constructed rooms

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 doorway. There is only one door

into the room which is located on the north wall. This door is posted and always

kept locked. Only the Radiation Safety Officer and the radiographers working

under his supervision have access to the keys. The building superintendent

never goes into the room without first contacting the Radiation Safety Officer.

He does not have keys for the source storage 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

+I- -,.A;-"m 1i; nI,, 2"ý , a2 2 A tI~rfltrnfll 2 0 -1. - -!%o1. 12a Icn nly-0 ^f n " %'"



plate steel as shields. These armor plates are 4 inches thick and measure

six by six feet square.

All areasnimmediately surrounding this room are either storage areas

or run ways for the movement of material and castings. Except for 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

vwork 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 fromn 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

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 \•valls. Most work is done with tlie

capsule inside the casting with the film p1laced on the out~sidde. I'mr this

reason very small source to film distances (3 to 6 inches) are used and hence



source inside the casting results in considerable absorption of the radiation

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

The large overhead crane is never operated over the areas where the

radiographers' room is located except to place the castings to be radiographed

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 radiographer is inside working.

There is a buzzer on the door to signal the operator from the outside.

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.

The #6 Building area is presently shut down and no work is

anticipated in this area in the foreseeable future. All radiography is performed

in the Betatron Building (see Sketch I and Z). However, we are submitting

Section 6 (a) Page ll



the procedure for 6 Building as outlined in our present approved license

application since we may wish to reactivate the facility at a future date.

Section 6 (a) Page 12



We do not plan on doing radiographic work in this area in the

foreseeable future.

On August 1, 1962, a radiation survey was performed of the 6 Building

radiographic Exposure Facility at the Granite City, Illinois Plant of

General Steel Industries by Nuclear Consultants. This survey was performed
durng xpoureof Co60

during exposure of 2 Go- sources frorn 2 Budd Company Unitron Model l10AB

units, which were arranged in several different typical operating positions. A

copy of the reported radiation fields present is attached.

The results of this survey show a high reading on the external walls

of 1.2 mr/hrat I meter above the floor at the wall nearest the exposure

location. The average reading, including background, was 0.15 mr/hr. Most

readings did not exceed the background level of 0. 05 mr/hr.

The survey of the "operations" room inside the radiographic exposure

facility was 1. 35 mr/hr at floor level directly at the door. The average reading,

including background, was 0.30 mr/hr. Background levels of 0.05 mr/hr were

found in this room. This room is entirely contained in the restricted area and

is used by monitored personnel only.

We have made no changes in building construction, radiographic

procedure, equipment, source type or size since this original survey was

made by Nuclear Consultants.

The #6 Building enclosure was surveyed with two original sources of

280 and 260 millicuries of Co 6 0 (a total of 540 millicuries). Therefore, it is

understood that no source or combination of sources greater than this total will

be used in #6 Building enclosure under this license.

6 (a) Report of Radiation Surveys

To comply with the State of Illinois and Federal regulations., an area

radiation survey was requested on the Radiographic Exposure Facility of



uenerai bteel Industries of Granite City, Illinois. On June 24 and

August 1, 1962, a. physicist from Nuclear Consultants Corporation performed

surveys, the results of which follow:

6 (a) Radiation Survey Nuclear Consultants Corporation. June 24, 1962

I. Instrumentation. A Precision Radiation Instruments. Inc.

Model 107c, Serial No. 607H geiger counter was used for the

radiation survey. The ranges for this instrument are 0. 04,

0.2, 2. 0 and 20 mr/hr. This. instrument has been calibrated

with Co- 6 0 . Also, a NUCOR CS-40A "Cutie-Pie": survey meter

was used to cross-check when possible, but no levels Were

found which exceeded the range of the geiger counter.

Ii. Facility and Source Description. This facility is located on

the ground level of the plant. It is composed of concrete block

walls 24 inches thick (minimum) and approximately 10 feet high

with 3 strands of barbed, wire at the top. These walls form an

enclosure which is posted and always kept locked. Only qualified

personnel, as named in the AEC license, are permitted access

to this area. Such personnel are routinely monitored for

exposure to external ionizing radiation. Additional shielding is

afforded individuals inside the exposure area in the form of

4' x 4' x 6 " steel armor plates, located strategically inside the

facility. A sketch of this facility is attached.

The radiographic sources used in this area are 2 Budd Co.

Unitron M'-del IlOAB rollout cameras. These cameras, though

portable, are used only inside the exposure facility described

above. Each camera contains a nominal 300 millicuries of Co-60

Section 6 (a) Page 14



They are designed and approved by the A. F. C. to handle up to

10 curies of Co-60. We will be using a maximum of 300-1000 mc

Co-60. Each camera has approved locking devices.

III. Operation. The Unitron Il0AB rollout cameras are operated

remotely by means of a 25 foot extension control from behind

the armor plate shielding. The source positioning tubes are

located in proper exposure position prior to unlocking the Unitron

cameras. Such cameras are then unlocked, after which the

radiographer retires to a location behind the armor plate shielding

from which location the sources are "run-out" into exposure

position. He then retires to the operations room where he waits

until. the exposure is completed. At this time, still behind the

.armor plate, he proceeds to retract the sources into the cameras.

The cameras are then locked until the next use.

Prior to any entry into the exposure area., the individual

entering must monitor the area, and the cameras, with a survey

nieter to assure that all sources are contained within their shields.

Additionally, no exposure is made without turning on the red warning

lights located on each corner of the facility. For use in emergency.

a phone is located inside the operations room. Since the outer door

is locked from the inside during exposures, no inadvertent entry

to the area is possible.

VI. Radiation Survey. Following are the results of the radiation

survey perfornmed on this facility:

A. Exterior Surfaces, Unrestricted Area.

1. Exterior readings in storage areas and passageway.

Section 6 (a) Page 15



1. 1 On the surface of the floor at the outside walls of the

average level was 0. 8 mr/hr. A maximum level of

0. 12 mr/hr was found immediately outside the entrance

do0or.

1. 2 At 1 meter from the floor at the outside walls the

average level was 0. 15 mr/hr. The maximum level

of 1.2 mr/hr was found immediately adjacent to the

source location inside the facility.

1. 3 At 2 meters from the floor at the outside wall the

average level was 0. 23 mr/hr. The maximum level

of 1. 2 mr/hr was again immediately adjacent to the

source location inside the facility.

1.4 Background in this area was an average of 0. 05 mr/hr.

The above reported levels could be reduced to 1/4 if the Partial

Occupancy factor were applied to this unrestricted area.

B. Operations Room, Restricted Area.

2.. Readings inside enclosure in Operations Room.

2. 1 At the surface of the floor the average level was 0. 31

mr/hr. A maximum level of 1. 35 mr/hr was found

at the door leading into the exposure area.

2.2 At I meter from the floor the. average level was 0. 26

mr/hr. The maximum level of 1. 15 mr/hr was found

at the door leading into the exposure. area.

2. 3 At 2 meters from the floor, the average level was 0. 33

mr/hr. The maximum level of 0.85 mr/hr was found

at the door leading into the exposure area.

Section 6 (a) Page 16



2. 4 13ackground level in this room was found to be

0. 05 mrr/hr.

The above reported levels are found inside the restricted area

which is accessible only to monitored personnel, An occupation

factor of 1/2 has been found to apply for this area due to

operations scheduling.

Section 6 (a) Page 17



CONCLUSIONS

From the above survey the following conclusions may be drawn:

I. The existinrg acility is suitable for use for the radiographic

procedures outlined in the AEC licensing request of March 7, 1962

(AEC 313) and subsequently approved on AEC license #12-3271-1.

Such use will not result in exposure to non-occupational personnel

in excess of the limits specified in Title 10, Code of Federal

Regulations, Part 20.

II. Normal usage ,of the Operations Room located in restricted area

should not result in exposure to radiographers in excess of the

permissible limits specified in Title 10, Code of Federal

Regulations, Part 20 for occupationally exposed personnel. Indeed,

if present occupancy factors continue, these individuals should

not receive whole body exposures in excess of approximately

1/16 of the permissible limits during a normal. 40 hour work week.

This report is respectfully submitted.

Section 6 (a) Page 18



t (a) adiation Survey, Nuclear Consultants, W. R. Konneker, Ph. D. Certified

Health Physicist , January 25, 1963

Mr. William F. Davis
Pl ant Metallurgist

General Steel Industries

1.417 State Street

Granite City, Illinois

Dear Mr. Davis:

Enclosed you will find a cross sectional drawing of your foundry building

#6 in the area of your radiographic room.

As you will recall, last Saturday (January 19, 1963) during my visit to
your plant, I made a complete radiation survey of the area immediately

above the radiographic room to determg8 e, by measurement, the actual

radiation fields present when your Co- radiographic sources are in use.

I had previously made calculations of these fields for you; however, during

your last A. E. C. inspection, the question was raised as to the actual

measurements of these fields. Since it was a bad, snowy day, I declined

the invitation to crawl around on top of the roof to make actual measurements.

I did, however, personally climb into the crane cab and on top of this cab

where there is a catwalk which spans the complete building immediately above

the radiographic room.

These measurements were made with an NRD Model CS-40 ionization type

survey meter. This meter had beeg 0calibrated in our laboratories using a

Bureau of Standards calibrated Co- standard.

Two measurements were made - one with both sources placed inside of large

casting as you would normally use them and the second set of readings were

made with both sources laying unshielded on the floor of the radiographic
room.

Table one shows the measurements actually taken.. From this it can be seen

that the crane operator is quite safe even when both sources are completely

exposed. The field immediately above the sources on the catwalk reaches a

maximum of 7 mr. /hr. when both sources are completely exposed. This does

not present a problem since you already have a company 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 inspector was the possible radiation fields

on the roof. As I stated earlier, I did not physically go to the roof for

measurements; however, I'm sure we have ample data to calculate the fields

in the positions indicated on the roof. I have selected all points where it

would be possible for maintenance men to be required to worlk. Table II gives

the calculated values for these various positions.

Section 6 (a) Page 19



Mr. William E. Davis
Gene ral Steel Industries

As can be seen from this table, thehighest field is that*in the ridge area
iminedialely above the exposed sources at position I. This represents a
field of 0. 85 mr. /hr - well below the 2 mr. /hr for unrestricted areas and
would mean a person would have to remain at this position about 120 hours

.per week in order to exceed the 100 mr. per week limit. A most unlikely
situation.

I would, however, recommend you extend your company policy of requiring
all maintenance men to clear through your office before going onto the catwalk
of the crane to include going onto the roof also. In this manner you can be
certain no workmen will be in these areas when the sources are exposed.

I further recommend you make this report a part of your permanent records
and submit a copy to both the state and federal A. E. C. inspection agencies in
answer to any -questions they may have concerning the radiation fields and
c.ontrol of areas above your radiographic facilities.

Should you have any further questions, please call on me at your convenience.

Sincerely,

NUCLEAR CONSULTANTS CORPORATION

W. R. Konneker, Ph.D.
Certified Health Physicist WRK:im

cc:WRK

enclosures
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TA, [ T F I

A. Seat of the crane operator

B. Catwalk on top of crane

C. Catwalk immediately above wall

D. Catwalk immediately above sources

E. Catwalk about half-way between
sources and operator's position

F. Catwalk immediately above
operator's position

G. Catwalk immediately above
end wall of room

Sources in
casting

0. 5 mr. /hr.

1Imr. /hr.

1 mr. /hr.

3 1/2 mr. /hr.

1 1/2 mr. /hr.

1 mr. /hr.

0. 5 mr. /hr.

Sources on
floor

l Mr. /hr.

1 1/2 mr. /hr.

3 mr. /hr.

7 mr. /hr.

2 1/2 mr. /hr.

1 1/2 mr. /hr.

1 mr. /hr.
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TA B 1. F II

All based on both sources completely exposed using closest measured
point and the inverse square law. No additional shielding assumed.

L. Area between.two buildings 63' from
sources (use measured field at C for calculation).

H. Platform inside building used to work on window
controls 60' from sources (used measured field
at C for calculation).

I. Ridge area on top of roof 52' from sources (used
measured field at D for calculation).

J. A second platform inside building used to work on
window controls 56' from sources (used measured
field at E for calculation).

K. Edge of building 62 feet from sources (used measured
field at F for calculation).

0. 4 mr. /hr.

0. 52 mr. /hr.

0.85 mr. /hr.

0. 45

0.4 mr. /hr.
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6 (a) GSI Betatron Building

Description of Sources, Operating Practices and Signal Devices

A second radiation area at the Granite City Plant of General Steel

Industries is the GSI Betatron Building. This area has been approved by the

State Board of Health of Illinois for operation of a 25 M. F. V. Allis Chalmers

Betatron. It is an ideal area for the 80 curie source of cobalt 60 which is

mounted in radiographic camera model P60-100-2 manufactured by Gamma

Industries of Baton Rouge, !ouisiana.

The two Budd Co. cameras C-374 and C-375 are also operated in this

area. Co60 sources of 280 and 260 millicuries were purchased with these

cameras. These isotopes have decayed to below 100 ni.illicuries at this time.

Present thinking calls for the eventual replacement of one of these with a 800 -

999 millicuries of. Co60. The other will be exchanged for a 250 - 300 millicuries

of Co60.

The two Budd cameras with sources of less than I curie will be used in

the Betatron Building according to Drawings #2 attached, without drilling additional

holes in the control room wall. The 10' thick concrete and sand filled walls supply

ample protection for less than I curie sources. The 80 curie source has been

approved under the present license #12-8271-1 written in 1.969 for operation as

pictured in Drawing #1 attached. It will continue to be used in this manner. Any

replacement for this source will be 80 curies or less. If greater, a re-survey

will be made and submitted to the AEC in accordance with requirements.

The Betatron Building is constructed of double walls of 8" concrete "lap

joint" slabs. The walls are 9 to 10 feet apart. The space between is filled with

silica sand. The walls and sand are 25 feet high. Drawings #3 and #4 with

Drawing #3A overleaf, gives dimensions and an outline of adjacent buildings. A 0'
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wire mesh fence -urrounds the exposure area 10 t-rom the concrete walls. The

entire building, including the fenced-in area, but excluding the processing area

and control room, is considered as a restricted area (see Drawing 3A overleaf).

No. 10.C & F Building is the closest 100% occupancy building. It is

attached to the. Betatron Building by a 39' long corridor, which is used only to

move castings and supplies in and out of the Betatron Building and 10 Building.

A castings transfer car which is powered by an electric motor and

controlled by an attached hand control is used to. transfer material into the

exposure roomrby qualified personnel.

It is separated from the Betatron, Building by la.rge double leaf doors (C)

in Drawings W3 and #4. The bottom door is lead lined. The doors. are so heavy

they require large electTic motors to lift them. Controls for the doors are

located and operated from the inside of the Betatron Building only. The other end

of the corridor is separated from C & F No. 10 Building b.y large double gates of

wire mesh, each side of which is posted with "Radiation Keep Out" signs.

There are no below ground level rooms in this area. Drawing #4 shows

elevations of the area along the line A-A of Drawing #3. This building contains one

room on a second elevation which is entered from the locked Betatron control room

and houses the electrical apparatus necessary for the -functioning of the 25 M V

Betatron. Maintenance checks are made in this room once each week for a total

of one to four hours. The electrician is permitted to enter only when radiati(in

sources are secured and he is required to wear a film badge when working in the

-area.
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6 (a) Signal Devices

Entrance to the radiation area is mad.e through door B and C, Drawing.

#3. Door C is the large double leaf door. It can only be opened from the interior

of the building with the aid of an electric rnotor. Red warning lights are mounted

on the corridor side of the door and a 'Caution ladiographic Area" sign is on the

door.

Door (B) is posted with a "Caution Radiation Area" sign and kept shut.

Gate D is posted with a "Keep Out" sign. The wire mesh fence is pbsted •

with "Caution Radiation Area" signs on all sides. The corridor area between gate 7.

D and door C is not considered as a restricted area as defined by AEC. It is

restricted in the sense that access to it is limited to transfer of castings and.

supplies. It has an occupancy of less than 5%o.

In the exposure room midway along the 10' sand filled wall separating

the exposure room from the processing area, at a 5' to 6' height is an area

.monitoring device. At pre-set levels of radiation, this device sounds an alarm

inside the exposure room and energizes a "Flashing Red Light" within the building.

It also energizes "Flashing Red lights" over a warning sign inside the control

room at door B and on the outside of door C.

The audible alarm is plainly heard at door B inside the control room if

the door is opened by mistake. Near the monitoring device is a large button labeled:

"panic button.'! When this is pushed, an alarm goes off in the control room to

notify the radiographers that, in spite of all precautions. someone is in the

exposure room.

Door B may be opened at all times from the exposure room side. One

wall of the control room has large windows all inhabitanh.s of this room are

visible to people in the processing area. Door A is kept locked al. all times when

60.either the Co, or Betatron is in uise,



6 (a) Radiation Survey Report - R. W. Ripley, January 29, 1971

A radiation survey was made of tfle entire area by Robert Ripley,

Radiation Safety Officer, and] Walter Richter, an NDT supervisor. The procedure

followed and results obtained were as follows:

The 80 curie source was placed at a 5 foot height at the two locations

marked X on Drawing ]ll. A chart was made and is attached as Table 1. Radiation

levels listed are the highest found for either location. During each survey, the

source was not shielded in any manner (such as being inside a casting or shielded

by another casting) as it would be in actual operation.

The survey was mnade with the source at location #1, Drawing #1, outside

the casting radiographic center as one of the worse possible locations for

radiation leakage. The source will not be used at this point in normal operating

practice. Radiation levels at the righ•t side-of the double leaf door (C) were 4. 4

mr/hr (see Table 1 and Drawings #3 and 4) at a height of 12 feet, which is just

above the horizontal junction of the double leaf door. The doorway (E) is used

once or twice a year in order to check the transformers located at (T) on

Drawing #3.

The angle of radiation from location T11, Drawing #1, was such as to just

cut the corner of the end of the 10' thick wall, miss the corner of the 4' concrete

block wall at the double leaf door and not be blocked by the castings car, thus

giving maximum radiation level at the double leaf door (C).

As a result of the survey, the Betatron Building is considered safe for

radiography while following GSI operating procedures. The 2 mr/hr restricted

area is confined to the exposure room area as surrounded by the 9' and 10' sand

filled concrete walls including the passage area up to the exterior surface of the

double leaf door (C). As an extra precaution, the fenced-in area is inc1uded aS

a restricted area and so posted. See D:rauinp. 3A rest:rich.ed area ,overleaf, for the

restricted area boundary.



RADIATION SURVEY CHART - BETATRON BUILDING.

I-,

Z1~

~~1

~1

7

Radiation
Location Level Remarks

Control Room 3. 0 mr/hr meter held against door joint () sketch # 4
.6 mr/hr 2' from door
.1 mr/hr at control desk

Processing Room .05 mr/hr highest reading in the area against wall

Concrete Exterior Wall .05 mr/hr highest level, survey meter against wall at 5' height,
entire exterior wall surveyed

Transformer Room 1.5 mr/hr at meter door ( ) in sketch 4 4)

2.0 mr/hr at open area in ceiling - wall junction near door

Q( sketch #4)

Outside Surface of .3 mr/hr left side 5' high
Double Leaf Door 1. 8 mr/hr left side at horizontal door joint 10' high
((.) sketch # 4) 2. 5 mr/hr left side 2' above horizontal joint at 12' height

.2 mr/hr left side 10' from door 12' high
.4 mr/hr right side 5' high

3.4. mr/hr right side at horizontal door joint 10' high
4.4 mr/hr right side 2' above horizontal door joint 12' high
1.8 mr/hr right side 10' from door 12' high

Corner at Door E .4 mr/hr ( taken against exterior surface of wall
Corner at Door F .2 mr/hr

Table I
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Description of Sources, Operating Practices and Signal Devices

In addition to the GSI Betatron, our facilities include a second

Betatron Building which is owned by the U. S. Government. The Government

Betatron Building houses a 23 MEV Betatron manufactured by Allis-Chalmers

Manufacturing Company.

This facility has been out of service since December 31, 1970. We

expect, based on production forecasts, to reactivate this facility in the near

future and request approval for use of sealed sources in this building accordincly.

The facilities description, description of sources, operating practices and safety

devices which will be employed when reactivated are as follows:

The construction of this building is the same as the GSI Betatron from

the standpoint of radiographic room size, wall and roof construction, wall

thicknesses, and other characteristics which must be considered in measuring

radiographic field containment. The control room and processing area is

arranged differently-as may be determined by a comparison of the two Facilities

Drawings; however,, this difference does not have effect on the Radiation Safety

of operating personnel.

We will use the following sealed sources in this facility:

Source: 80 curie, Co 6 0

Radiographic Camera: Gamma Industries, Baton Rouge. I a.
Model P60-100-2

Source: 280 millicuries Co 6 0

Radiographic Camera: Budd Manufacturing Company
Ser. C-374

Source: 260 millicuries. Co 6 0

Radiographic Camera: Budd Manufacturing Company

Ser. C-375
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As stated previously, the two later sources have decayed to less than

100 nmilliurins and, wil event l li replac xih - O••. a , i.li rie

C0 sour 60 2f)(: A, ,3" i urie sour:e C0

Thile wail] of t -he Gotv. uqit Betatron Build:;,n. is drilled as shown on

the Facility Drawing at approximately the sane location as described for the

GSI Betatron Building so the sa••e operating practices will apply for the Co 6 0

sources as outlined in section 6 (e) Operatin!g Procedure for Use of Cok0.

Radiographic Sources in the Betatron iaoom of 80 Curies Maximum.

In order to use the listed sources in all pernanent facilities it is

necessary to trans port then from one location to anot-er . The so ove-eot of

sources froni one location to another will be handled, as outi-.ned in Sec-tion 6 (e)

Procedure for M,•ovin. Sealed Sources Between Rad.]'iograh.i-, aplc -. Enclosures.
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This building is equipped with audible and visiblewarning lights wired

into the betatron circuitry. When sealed sources are used in this facility, a

calibrated area monitor. incorporating signal lights visible in the control room

and at the entry door to the radiation area will be employed.

This building is entered through two doors. The entry into the Radiation

Area from outdoors is a double leaf door of a size to permit entry of a rail car.

This door is electrically operated from inside the Radiation. Area only. The

second entry into the Radiation Area is from a pedestrian size door from the

Control Room Area. Entry to the Control Room Area from outdoors is through

a pedestrian size doorway which is locked at all times with keys controlled

as noted previously.

This doorway also has a buzzer with the control button located outdoors

so people can contact the operator and gain entry with his approval.

Each of the three doors, described have posted on them at eye level

height a sign which contains the 'Radiation Symbol and reads, "Caution, Radiation

Area".

The Government Betatron Control Room is equipped with a direct

telephone line to the GSi Betatron Control Room which will be manned at all

times when sealed sources are used in the first location.

6 (a) Government Betatron Radiation Survey

We anticipate that since building construction is the same as the

GSI Betatron Facility, that radiation field levels would be approximately the

same outside the building and in the control room.

As a verification measure, we plan to conduct a survey when the sealed

sources are moved and supply the Survey Report as addendum to this application

for information purposes only.
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6. (b) DESCRIPTION OF RADIATION DETECTION
INSTRUMENTS TO BE USED
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6 (b) Survey Meters
We have 3 Victoreen Model 592B survey meters, serial numbers 3432, 4032,

and 4048. The Victoreen Model 592B Survey Meter is a battery operated ion

chamber instrument for the measurement of Xand gamma radiation over the

range of 1 to 1000 mr/hr. Three linear ranges with full scale sensitivities

of 1000, 100 and 10 mr/hr are provided. A rugged fiberglass reinforced case

house the component and ion chamber assembly. The case has a top and

bottom section held together by two dýus fasteners, The meter, two controls

and a carrying handle are on the top surface of the instrument.

The meter 'is graduated from 0 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 handle at finger tip reach. Three range positions,

X100 , Xl0 and X1, are marked on the case top. A guard ring protects the

zeroing knob against accidental displacernent.

Reference data:

a. Range 0-10, 0-100, 0-1000 mr/hr.

b. Energy range is 50 key to 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 Stops of the Model 59213

a. Turn the range to zero pos ifion.

b. Adjust the zero contflr 1. so thiat ilh e meter reads exactly zero. In the

zero position, the input has been switched to a reference potential



an(.] the instrurnent: has been switched to maximum sensitivity

X1, which allows accurate zeroing in a radiation field.

C. 'l'urn the range switch to the ClOO, XIO or Xl range as required

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

E ach time the instrument is turned off it is advisable to zero the switches

again when a new measurement is made using the X100, XlO ranges. This

applies to situations when frequent measurements are made as in surveys.

6 (b) Area Monitor

An area monitor manufactured by Beta Industries of Baton Rouge, La.

is located in the exposure room of the betatron building.

The meter is graduated from 0 to 5 mr/hr with three range positions

of 1X, 1OX, and 10OX at a given preset level of radiation it actuates an audible

alarm and a flashing red light in the exposure room. It also controls the

red warning lights in the control room and on the outside of the large double

Le af door!

We maintain two of these instruments, Serial numbers 0012 and AMlOL0

They are calibrated at least once each 6 months by Gamma Industries, Inc.

a division of Nuclear Systems, P. 0. Box 2543, Baton Rouge, La. 70821.

Calibration records are maintained in the Beta-tron building. After any

• repairs are performed, the instrument is recalibrated.
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6. (c) INSTRUMENT CALIBRATION PROCEDURES
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'v thkree VictLoreen survey meters are calibrated by the St. Louis

~esing L-ab rat~rie,. "2810 (Clark Street, St. Louis, Missouri 63103. The

President of the corporation is Mr. C. D. Trowbridge.

The calibration is performed under AEC License- #24-00188-02,.

expiration date September 30, 1973. A statement of calibration is:affixed to

the meter at the time of check, plus the due date of the next calibration.

e we hI'ave t~hree meters, one is sent out for calibration each mo.z. We

¢.aw.• ¢ve '•,0 or more caib~ated survey nneters aV a aor ase. -A.

'ormnai certification 0f ca1ibration is submitted to GS' for file. if teha. instrumenz
be l.,ated after repair,

i oWu of calibration or if repair is indicated, it is recalibra

regardless oi next due date for calibration.

The area monitors as described under 6 (b) are calibrated every six

months by Gamma Industries, P.O. Box 2543, 2255 Ted DunhamnAvwenue,

Baton Rouge, Louisiana 70821.

The calibration is performed under their AEC License,-#17-00363-03'.

A statement of calibration is affixed to the meter at the time of calibration

plus the due date of the next calibration.

if the instrument requires repair, it is always recalibrated after repair.

Gaiioration'Certificates are received by the Radiation Safety Officer

who reviews, initials, and forwards them to the Plant Accountant for permanent

file.
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6 (d) PERSONNEL MONITORING EQUIPMENT
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The N. D. T. DepartmL.ent at GSI maintains three"Victoreen4\f.i meters,

Serial No. 387-21410, 187-439 and a nmodel 6876, Serial No. 901. They are used

with Victoreen poc7ket chanifbe rs.

In addition, we use, on various occasions, Bendix dosimeter charger

906, Serial No. 0101Z and 00533 with pocket chamber W638 and Eberline radiation

monitors tT-I.

Film badges are supplied by P.S. I.andauer. Jr. 8, Co., 3920 216th St..

Matteson, Ill., area code 312. Each individual radiographer wears his personal

film badge and the film badge report becomes the permanent record of the

individual exposure dose, Forms AEC 4 & 5 are maintained for each individual.

At least 4 extra film badges are received each week in the event they are needed.

Blood counts under the supervision of GSI physician, Dr.. Brennan, are

taken at time of employment and separation.

The wearing of personal monitoring equipment and procedures to follow

in the event, of discharged dosimeters are covered in de.tail. in the section 6 (e)

Operating and Emergency Operating Procedures.
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6. (e) OPERATING, EMERGENCY,
& MAINTENANCE - INSPECTION

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

AXli "Uacli1o)rap1ers" (as defined in T'itle 110, Part 34), shall:

1. Read and understand Parts 20 and 34 of Title 10 of the

Code of Federal Regulations.

2. Read and become well acquainted witb the Instruction Manual
..'for the Budd roll-out camera device and the Radionic Panoramic

camera.

3, Read and retain a copy of these Operating Procedure-sand 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 the Radiation Safety
Officer.

6, Receive instructions in health physics, monitoring and personnel
monitoring and dosimetry from GSI personnel or other sources
as deemed necessary. (See initial training program)

Above instructions will include lectures, actual use of exposure devices and
survey instruments, and practical problems, utilizing Appendix A, Part 34,
Title 10, 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; however, they may be moved to any of the special radiographic
rooms within the plant. All records will be maintained by the Radiation

Safety Officer or by the Division Accountant in the Division Accounting
Department at the same address.

Keys to Radiographlic Facilities will be in the possession of the Radiation
Safety Officer, the Nondestructive Testing shift supervisors, and the Qualified
Radiographer on the shift. It will be the Radiographer's responsibility to
turn in the assigned key:tothe Shift Supervisor at the end of the shift who in
turn will assign it to the Qualified Radiographer on the following shift. Keys
to Radiographic Facilities shall remain in the possession of the assigned people
and shall not be transferred to another person. regardless of position or title
without the approval of the Radiation Safety Officer. I. ost keys must be immediately
reported to the Radiation Safety Officer. All Radiographers must wear film
badges and pocket chambers or dosimeters when working in a radiation field
environment, whether the source of radiation be Co60 sources, x-ray, or
betatron.
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Operating Procedure for Usc of Cobalt-60 Rladiographic Sources of I ess
Than 300 nmillicturies in No. 6 lmuilding - Radiograpl-tic Fnclosure.

A step-by-step procedure wlich is to be followed by eac!h 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. 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 area). Using the survey meter, make an
entrance survey of each exposure device (Budd Company's
Model ll0A 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. Follow maintenance and inspection procedures and make daily
and quarterly checks and be present when the 6 month check is
made.

5. Setup 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.

6. 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.

7. Unlock Budd Camera devices.

8. 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 shield, Observe the
source position indicator.
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Than 300 milnicuries in No. 6 i3uitding - Radiographic Enclosure. (Continued)

9. Make necessary entries in Utilization and Survey I. og.

10. "Radiographer" retires to small room outside of radia.tion
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.

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

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

1.3. Lock camera device. Tihis should be done even though a ,sec' on n:r-
exposure is to be performed within the next few rninutes.

14. Make necessary entries into Utilization and Survey i og. (See
attached.

15. Turn off warning li t.

16. Steps No. 3 to No. 14 inclusive may be repeated a number of

times within a shift or between trips to the darkroom and film
storage area. Darkroom and office are over 500 yards from
exposure room.

17. 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.

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

19. A final dosimeter reading wi.ll be made and recorded at the end
of each shift. Film badges and pocket chambers or dosimeters
as noted above will be worn throughout the eight hour shift,
regardless of work being performed.

20. See Emergency Procedure for proper action in case of an
emergency. In :ase of emergency, follow those procedures
and call Radiation Safety Officer at once.

Telephone Numbers
(Call in order listed)

1. Robert W. Ripley 910 Echo Drive, Collirnville, Ill. 344-0049
Ext. 214, A. C. 252

2. William II. Rapp 13 Wocdside Dr. , Belleville, Ill. 1-397-6231
Ext. 244, A.C. 242
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Than 300 millicuries in No. 6 Building - Radiograpbic Enclosure. (Continued)

3. John Abbott

4. FPhil W ells

2795.Sorrell. Dr., Fiorissaat, Mo. 831-0126
Ext. 282 or 286

315 Kingdom St. , BetIto, Ill. 377-6113
Ext. 342, A.C. 445
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Operating Procedure for Use Of Cobalt 60 'Radiographic Sources In The
Fletatron Rcoorwolf 80 Curies Maxirnun

All radiog•.raphers must wear film badges and pocket chambers or dosimeters
whenewver 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. In the event another radiographe r
must enter the Control Room while, it is locked, he will have to
.knock on the door.

2. Using the 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 lg.

4. Follow inspection and maintenance procedure and make daily
and/or quarterly checks and be present when the 6 month check
is made.

5. 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 sharg0 to prevent movement of the
source within the tube. The Co camera will be set approximately
3' from the east wall and 32' from the north wall. The control
crank unit will be inside the control room.

6. 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.

7. Check the area monitor and make certain it is turned on and is
set at 5 mr/hr or less.

8. Unlock the Radionic's camera device.

9. Have casting and camnera located so that control cable may be
operated from inside the control room..

10. The Budd Camera with a source of less than I curie is operated
outside the control room as per sketch #2. The operator sha',1
retract the source from at least 12 feet back from the exposure
side of the 10' thick sand filled wall and no more than 3 feet from
the control room wall.
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uperating i-rocecture for Use Ut (;obalt bO Radiographic Sources In The
Betatron Room of 80 Curies Maximum (Continued)

II. Radiographer returns to the Control Room outside the radiation
area to time and wait for the exposure to be completed. At no
tim.e should he enter the exposure. area (Cforward of the 10'0 " thick
sand filled wall) when the source is exposed.

12. Mlake the necessary entries in utilization and survey log.

13.. After the exposure is completed, retract the source into the
camera by means of the control cable from inside the control
room if the 80 curie source is used. If the less than 1 curie is'
used, it is operated from the outside of the control room as per
Sketch #Z.

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

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

16. Make necessary entries in the utilization and survey log . (See
attached)

17. Turn off warning lights.

18. Steps. No. 3 to No. 14 inclusive m•lay 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 I0'0"
thick sand filled wall.

19. 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.

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

21. 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, regardle~ss of work being performed.

ZZ. See Emergency Procedure for proper action in case of an enmergency.
In case of emergency, follow those procedures and call the
Radiation Safety Officer at once.
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Operatin~g P•rocedure for Use of Cobalt 60 Radiographic Sources In The
B3etatron Room of 80 Curies Maximum (Continued)

Telephone Numbers
(Call in order listed)

I. Robert W. Ripley 910 Echo Drive, Colliisviile, Ill. 344-0049
Ext. 214, A.C. 252

2. G. N. Little 1612 Garfield, Griat City, Ill. 877-2723
Ext. 244, A.C. 342

3. John Abbott 2795 Somrrll Dr., Florissnt, Mo. 831-0126
Ext. 282 or 286

4. Phil Wells 315 Kingdom St. , Bedal1h, Ill. 377-6113
Ext. 342, A.C. 445
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6 (e) Procedure for Moving Sealed Sources Between Radiographic Enclosures

The sources contained in rubber tire equipped cameras and covered

under this license may be moved from one Radiographic Enclosure Area to

another in accordance with the following procedure:

1. The Qualified Radiographer will enter the Radiographic
Enclosure containing the source and make an Entry Survey
and record readings on Move Check Form.

,-e. wrill remove the operating cables from the wal and secure
chern to tne top oi tlne camera unit.

3. The camera may then be moved by a Qualified Radiographer
and a second workman as- follows, the time for starting, the
move shall be entered on the Move Check Form:

(A) The Qualified Radiographer will direct all movements of
and be responsible for the safe movement of the source.

(B) He will direct the actions of second man when moving the
source.

(C) During the movement of the source, the Qualified
Radiographer will monitor the radiation field level and
record the highest reading taken on the Move Check Form.

(D) On arrival at destination, the Qualified Radiographer
will install the operating cables in the drilled access holes
in the Radiographic Enclosure; he will check to see that the
camera unit is locked and will make a final survey. The!
time when the source is secured at the new location and
the final survey reading will be entered on the Move Check
Form.

(E) The second man will have the responsibility to handle
the unit and move it under the direction of the Qualified
Radiographer.

4. In the event of accident or other occurrence that causes
the radiation field to exceed the safe limit of 2. 0 mrs.,
during the move, the Qualified Radiographer and the
second man will proceed as follows:

(A) The Qualified Radiographer, the second man, will
withdraw to a safe point where survey readings do not. .
exceed 2. 0 mrs.
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4. (13) '1"he Qualified V\adiographer will rerriain within
(Cont'd.) sight of the souirce and warn all persons approaching

of the potential danger and instruct to move from the

area.

(C) The Second Man will be instructed to go to the
nearest Supervisor and secure his and his peoples
assistance for the Qualified Radiographer who will
post people at a safe distance as d-etermined by the
survey meter. These people will be instructed to

w•warn all persons to stay away from the area, and to
remain, on station until relieved.

(D) The Second Man will then proceed to advise the
nearest Quality Control Supervisor who will then
advise R. W. Ripley or one of his alternates listed

on the following page immediately of the condition
existing.

(E) There shall be no attempt made to correct any
high radiation condition until R. W. Pipley or one of
his alternates is on the scene to direct the operations.

(F) Applicable sections of the Emergency Operating
Procedure shall be followed to verify that an over
exposure of the individuals moving the source has
not occurred.
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Alternates for R. W. Ripley and Telephone Numbers:

(Call in order listed):

_j i

2.

4-

Robert W, Ripley

G. N. Little

John Abbott

Phil Wells

910 Echo Drive, Collinsallle, 111. 344-0049
Ext. 214, A.C. 252

1612 Garfield, Grai-e City, Il .877-2723
Ext. 244, A. C. 34Z

Z795 Sorreill Dr., Fbris~at, Moi 831-0 126

E Ext. 282 or 286

315 Kingdom St., Bethalto, Ill. 377-6113
Ext. 342, A. C. 445

-J

-I
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Transporting Sealed Source s - Check-Off Form 6,-)U (

Movin•g Sealed Sources - IBewceen Radiographic Enclosures

1. Source being moved

2. From
(Radiographic Enclosure)

3. To
(Radiographic Enclosure)

4. 1 have read and understand the Procedure for Moving Sealed

Sources between Radiographic Enclosures

(Qualified Radiographer)

5. Entry Survey Results

6. Time and date move started

7. Time and date move completed

8. Highest Survey Reading during move

9. Final Survey Results

10. Source Secured

Radiation Safety Officer
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EMERGENCY OPERATING PROCEDURES

EMERGENCY NO. I FOR 6 BUIlDING ENCI OSURE

SOURCE CANNOT BE RETRACTED INTO THE SOURCE HOI DER OR THE
SURVEY INDICATES THAT IT IS NOT WITHIN THE HOT0. DER WHEN IT
SHOULD BE. THE RADIOGRAPI-IER SI-TAI L:

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

Z. Call R. W. Ripley by auto call or telephone. If not available,
use list of names and numbers below - in order listed.

3. Unlock door, leave radiation room, and lock door from the
outside. Retain key in your possession.

4. Using survey meter, survey area immediately surrounding
radiographic area, and post any area of greater than 5 mr/hr
radiation level.

5. Maintain vigilance at doorway until R. W. Ripley or alternate
arrives.

6. Under no circumstances should the radiographer even attempt
to recover a source that has become detached or stuck in the

source cable. He may assist the Radiation Safety Officer or
other qualified person after they have arrived on the scene.

THE RADIATION SAFETY OFFICER SHALIL

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

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

3. Extra vigilance and restrictions will be maintained until area
is declared safe.

4. Record will be made of the incident.

5. A. F. C. will be notified, if nec cessary, in conpl]ian ce with Title 10,
Part 20, Paragraph 20. 403.

6. State Board of Health and GS1 Safety IDepartnient will be notified

if necessary.



EMERC'RG.,T'.NCY O.-EPALING PROCEDURES (Continued)

Telephone Numbers

(Call in order listed)
1. Robert W. Ripley 910 Echo Drive, Collfrisville, ll. 344-0049

Ext. 214, A.C. 252
2. G. N. Little 1612 arfield, Gm-ite City, Ill. 877-2723

Ext. 244, A.C. 342
3. John Abbott 2795 &mrell Dr., Florissrit, Mo. 831-0126

Ext. 282 or 286
4. Phil Wells 315 Kirgdom St., Betfalto, Ill. 377-6113

Ext. 342, A.C. 445
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FiMFR CENC Y POCEDYURE 
-- BETATRON 

BUI1 DING SVM1: MRGFNCY 
1A.The source cannot b r•ctracted 

into the source holder, 
or a survey

indicates 
it is not within the holder when it should be.THE RADIOGRAPHFR 

SHAI. I:1. The warning 
lights wiHl1 be on in accordance 

with operating

procedure 
and by the area monitor. 

If they are not on, turn

them on.

2. NMake certain the large double leaf door i's shut. Pull electric;

master switch if it is safe to do so.3. Retain possession 
of survey meter at all times and observe 

the

read out constantly,

4. Leave exposure 
room and lock control room door. Retain key

in your possession.

5. Call Mr. R. W. Ripley by auto call or t4lephone., 
If he. is not.

available, 
use names and numbers 

listed below in order listed,

6. Use survey meter to discover 
any area of radiation 

outside of

exposure 
room if necessary.

7, Maintain 
vigilance 

in control room doorway 
(if the area is safe)

until the Radiation 
Safety Officer or his alternate 

(as listed below)

arrives.

8. Under no circun-45tatces 
should the xadlographer 

avgfl attempt 
to

recover 
a source'', 

s be 
detached 

or stuck in the source

.cable, He may asl'st the ,Radiatfio 
Safety Officer or the 

.other
qualified 

person after they have, 
i the ýscene

.'le.phojn 
Numbers.

in, l inord~er.:- 
listed), 

-

Roberf W. f i pley 90Eho 
rive, G~~~,Il 

4 .OQ
Ex•t. 214, A.-C _z.,

SeinLitle 

1612 Garfi e ld, 
• 

t e 
..

, Ill. 
871.7723

.

Fxt. 244, C.. . 34.

.3 ohn Abl-Ott 
2 795, S r-x-e I Dr. F 1 Aiss<mt 

-31 0126
.. 

-Ext 

.
,~xZ82 

or..286,
315 K no' m 5t.-61134.~ ~~~ 

xhlWts 

1.igomS.~~ 

342, A. C. 445,1
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TYHIF R ADIATION SAFETY OFFICER SHALL:

1. Obtain Ct.ll :-.tI or1y fro- the radiog rapher, evaluate and rectify

if il.] 0* 0(1 so in a safe.jmanner.

Z. If necessary, obtain professional advice or assistance from

equipment manufacturer. Exposure room will remain locked
and all warning lights will remain on. A radiographer or person

of responsibility as designated by the Radiation Safety Officer

will maintain vigilance over the area until it is declared safe

by the Radiation Safety Officer.

3. Incident will be recorded in maintenance and inspection daily

report form or as dictated by seriousness of emergency and

Title 10 requirements.

4. A. E. C. will be notified in compliance with Title 10, Part 20,
Paragraph 20. 403.

5. State Board oat Health and GSI Safety Department will be notified.
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,. :.... '~ ~ U....... . C. •<Ez DU IN-ES (Conti~nued)

>..IEC- ENC- 0.C- 2 POCKET DOSIMETE.R READS OFF SCALE

T.'EE *AIC)RAPT ERST-TALL:1

A. D , ".-- .-apn a t
B. Send fil ba.ge for immediate pcsg, it erp retationAand

reply by telephone to the Radiation Safety- Officer..

C. Recharge dosimeter Check it after 15 minuters. Repeat thisstep. If I rdI sa, it is probably faulty.

~~e~o ' readt.u 2offsure fith tm e C Imvn~ h

S.; I .ýN .. have. . .B. Send rr oII- h 3 ,rC

s badgi fc -l o r ti-onm Ahy ipoi8 n2r, t if s Culr a. or1,
source ply oe ep•one oLt result in Sverosure ()'ur! n. ,t -gve
a s a t"s fa ct0r y r adi og r aph.

E. Check survy. surve.y instrument- and I. .
prove tobe all right and dosimetter indicates a Riaulty •dicthisae,

.sesume dosimreter to be faulty.

P. Call R. W. Ripley or. alternate listed below adnotify h im ot
these rkesults for his evaluation. before. making any other

.exposures.

G. Record results and re uovec chamerepos from o active filed for..
repairs or discard.

I. TI-E RADIATION SAFETY OFFICER SHALL:,

A. Contact Landauer or the film processing. agency. immediately.

B. If film badge report substantiates dosimeter reading,.. the
radiographer will be sent to the corporation doc•torwith a
full report.

A'. Ea . C. will be notified in conformance with Title 10i Part 30,
Paragraph 20. 403 by the Radiation Safety Officner.

D. State Board of Health and GSI Safety Departmaent shallbenotified..

Telephone. Numbers
(Call in order listed)

Robert W. Ripley 910 Echo Dr.S CAl:ileIll. 344-0049
Ext. 214, A. C. 232

2. John Abbott 2795repor s t tate .,Fkr ,Mo. 83d1-012i
Ext. 2l or 286

3. Phl will b 315 ntiino rancem-with 1il1. 377-0,
Ext. 342, A. . 445

4. G. IN. Little 1612 GarfieldrG. C. ,-ill. 877-2723A 
- ¶t.1 282 r -86



PERIODIC INSPECTION AND MAINTENANCE PROCEDURE

Additions to G. S. I. operating procedure to conform to A. E. C.
December 13, 1970 Amendment to Title 10., Part 34:

The purpose of this procedure is to provide for periodic inspection
and maintenance of the radiographic exposure device, and area safeguards.
applicable to this amnendnment. " The procedure is divided into 3 parts to
conform to the daily, tri-monthly, and semi-yearly requirements applicable
to the G. S. I. Inc. radiographic installation.

I. The following operations will be performed by the radiographers once
each. day that the exposure device is used:

A. The initial radiation survey will be made as required by G. S. I.
Standard operating procedure and so noted in the utilization logy.

B. The exposure device will be visually inspected for any damage
that may impair its use or shielding integrity and so noted under
Item I of Daily Check Form.

C. The device will be checked to determine if the source is properly
placed inside the shield. This will be determined by a level of
50 mr/hr. An increase above this level at a distance of one meter
from the exposure device will be evidence of an improperly
retracted source. Note and follow per item 2 of the daily check
form.

D. The locking mechanism will be checked by unlocking and locking of
the exposure device. The operating condition will be noted in
Item 3 of the Daily Check Form.

E. The first production exposure will then be made following G. S. I.
standard operating procedure. The following will be noted: Changes
in operating characteristics of the exposure device, operation of
source position indication, and the operation of the crank mechanism.
These items will. be checked off as their condition under Items 4, 5,
and 6 respectively of the Daily Check Form.

F.. In the event of a malfunction, noted on the Daily Check Form in
conformance with I, A. through E, the following steps will be taken:

1. The supervisor or safety officer will. be notified immediately.

2. The supervisor or safety officer will, evaluate and correct the
problem.

3. Any action taken will be recorded on the Daily Check Form.
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4. Tf the. above malfunctions are minor and do not involve a
radiaLion hazard as defined under Title 10, Part 34,
Paragraph 34. 21 or Table 10, Part 20, Paragraph 20. 403,
use Cf the exposure device will continue if-possible-while
correctio-ns are being instituted. Corrective action will
be initiated within 24 hours.

5. In the event of a major malfunction which may result in
unsafe conditions or a radiation hazard, the G.S. I.
emergency procedure, #1, will be .put into, effect'
immediately.

6. All action taken will be recorded in the Daily Check Form.

7. All enties in the Dailly Check Form will be nI te a'
Y-akin'; tr e ent-ry.

•'i :.:c~i~iz c~oe':: ::• • Zisz el on theQuarte.ly Chec'k Form, wii bt-
I at 3 •nnth :rtervais. in each instance, te mianua i p(oviceC

the =am.anffac-u rer of the exposure device vwili be used as. a guide 'to
pfro~ro~these oerations:

A. Examine source and drive cable for wear and/or damage.

7B. ExKaiine source-and drive cable tube for wear and/or. damage.•

C. Examine the source& drive cable tube connectors for wear. and/or
damage.

D. Inspect the inside of the source tube-for.rust,. dirt, or sludge
build up.

E. Inspect all mating components for wear, dama and oper
connections.

F. The cable drive gear box will be inspected for damage, wear, and
lubricant. The condition of all required labels: will, be checked.

G. All of the above inspections will be noted in the respective area in
the Quarterly Check Form.

""The checks may be performed bya radiographer and. an N.D. T.
supervisor or the safety officer. All notations:ý in..the. Quarterly
C'heck Form will be signed.

The above are preventive maintenance steps to ascertain
•deterioration c(f the radiation 4'xpoure de-vice through regular
production use, before it can create -a radiation hazard or unsafe
condition. Indications of deterioration noted .on the Quarterly
Check Forms will dictate the following :steps:.

Supervisor will be notified by individual performing
the check.



2. The condition will be evaluated by the supervisor
or Safety Officer,

3. Any condition that requires corrective action will be
reported to the G. S. I. Mechanical Repair Supervisor
within 24 hbrs.

4. All action taken will be noted on the Quarterly Check
Form and signed by radiographer, supervisor or
Safety Officer.

III. The following operations will be perfornmed at 6 month intervalsas noted
on the. Six Month Check Form. These checks will be made by mechanical
repair department crafts in the presence of a radiographer, his supervisor,
or the R adiat'ion Safety Officer.

A. 'TEhe door locks on small door used by personnel and the large door
used to bring in castings will be inspected and their condition noted
in Item I of the Six Month Check Form.

B. in. the presence of a radiographer, his supervisor, or the Radiation
Safety Officer, an inspection will be made to ascertain if all visible
and audible warning devices are functioning properly. Conditions
will be noted in the Six Month Check Form, in Item 2.

C. This inspection will not include a calibration of radiation level.
monitoring equipment. This equipment is calibrated and documented
as outlined elsewhere in the approved G. S. I. l'cense application.

D. All. operations will be recorded in the Six Month Check Form and
signed by the inspector.

E. Any malfunction of area safeguards will be reported immediately to
the Radiation Safety Officer. Corrective action will begin imirnediatehy.

F. All action taken will be recorded in the Six Month Check Form and
signed off by the Supervisor or Radiation Safety Officer.

IV. it is especially noted here that Itemis 1, 1, and III are all additional steps
to be taken to conform to the 1970 amendments to Title 10. In no way are
they to be interpreted to rescind or supercede any other section of the
G. IS. . ]icense.

The radiographer will continue to maintain his usual daily vigilance at
all timges.

VN, Three forms are attached to and become a part of this procedure:

1. Daily Fheck I-'orm
2. Quarterly .hck Form
3, Six Month Check Form

60
VI If as a. result of these inspection and rnaintenance procedures the Co

source is exposed creating a radiation hazard, Einergency .Oeration
Procedure #1 will be placed in effect inmnmediatelv.



cfl

0

(tj

1'

u-i

2. 2 oneer a cst~ tt 11.r

*inside t~he S1,e~ld.,
r -)n c.ocl'n~

. ., I
L&.

__ I ____

_________________ I ___________________

4. Changes in o7.e fa-tt- or
characteristics,
Operat~ion o-f -ource--------.--.j

nostion iniao.Ii _______ _______

c. Operation of the crank

mre chanris-n.

tacnuken~ on above noted mraifuncttons:



19 j SF _____________________

0

QN

M

. r C, a r- a :4

Source and drive cable
tube wear or lamage.

3. Soirce and drive cable

Or dra•ae.
4. 'ust, di:rt, or sludýge

0 -u ] Iu in the sol.urcee
•t~ube,

connctripon nt

Cable drive zez.. box .-

~~3~ Ir wci-

-nor aeln



Li & E LI L~LOiU My

I-.

Cf

A., Small d300-T

B. L arge door

A. Small dloor -rd, ;,, h.ts

Big door
C. -iation.~ rdi~~

_x le r a-,

..--.*..-..-'...-..~--.-...~.,-.-..

S-- .. . . . . ~-.- .-. ~..-.. ~ .--.. ~



r)

6 (f) RADIOGRAPHERS TRAINING PROGRAM

1. Narrative Description
2. Initial Training
3. Refresher Training
4. Periodic Training
5. Sample Test Attachments
6. Radiographer Evaluation Form
7. Initial Training Bibliography
8. Test and Exam Schedule
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NARRATIVE DESCRIPTION OF GSI TRAINING PROGRAM

Al Gn0(l:.rai Steel I du:StriCs, radiographers are memrxbers of the
C.1.0. lBarg.ili[ng U1nit. 'T'hey are on a seniority list with other N.D.T.
cia s si'i{'ati.u) s and are on the high end of the satary range. As such, no
new people can be hired as radiographers. They all move up a line of
progression by seniority. All radiographers have had prior experience
in the N. D. T. area including operation of the 25 MEV Betatron. We do
not include radiographer assistants as defined by the A. E. C, in the isotope
work.

By contract agreement with the Union, we have a work classificatioa
of radiographer's assistant. This classification is a 'helper" and works with
the radiographer whethe r he is working with isotopes or the Betatron. He
does not do any work described in 10 CFR34 and cannot therefore be defined
as an assistant radiographer by A. E. C. rules and regulations. His work is
primarily in the dark room, helping move and locate the 20 to 40 ton castings
being radiographed and the preparation of film cassettes.

Under these conditions, the training program consists of only (a) in
paragraph 3, Appendix G of A. E.. C. Licensing Guide dated. November, 1970.

.A radiographer is selected from the NDT seniority list in conforrmaide
with Union Management contract agreemeni. He (or she) will have had 1-5
years general experience with one of these years in the Betatron field or in
the radiographer assistant (helper) classification.

The prospective radiographe.r is given Z0 hours of formal lecture and
lab work as outlined under the classroom training section which covers all
items listed in Appendix A, Part 34. A text book entitled "Radiation Health
Physics" was prepared by the GSI staff for home study and a classroom
supplement. A copy is enclosed with this license application. The class is
conducted by the Radiation Safety Officer. The GSI Safety Director attends
or assists and the GSI Insurance Agency has furnished literature at these
classes.

Actual operation of safety equipment, monitoring and surveying
equipmenP and exposure devices are included in the lab work. A typical
quiz and a final exam are attached as Atl and AtZ. He is then assigned
to a radiographer for the "on the job" training and evaluated on "Radiographer
Evaluation Form, At3. At this point, he is either approved by the Radiation
Safety Officer, required to take additional training, or disqualified.

Refresher or periodic training falls into one of two catagories. When
and if any new equipment is purchased or any new rules and regulations are
printed by A. E. C. or State Board of Health or when any changes are made in
procedure, all radiographers are educated to the new requirements. The very
nature of these types of changes makes additional training necessary.
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The second catagory is in maintaining proficiency with presentlmfnethods
and procedures. A four (4) hour class session will be conducted at I year
intervals. Prior to this class, a questionnaire is distributed to the
radiographers (At4). Based on these answers, areas of uncertainty and lack
of knowledge Will be discovered and used for establishing the level of class.
discussion. At. the end of the class, a short test will be given covering the
items discussed in t-he class. A sample test is At5. Due to the nature of
this type of refresher school, no two tests will be alike. A level of 8 •"io
of their original. test grade on each radiographer 's first school test is
required. See At6.
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INITIAL TRAINING PROGRAM - G. S. I. CASTINGS DIVISION, GRANITE CITY

:Conducted by:.

Assisted by:
(if necessary)

Radiation Safety Officer

Safety Dept. Personnel
NDT Supervisors
NDT Radiographers
Outside sourc ,s if required

IL Fundamentals of Radiation Safety

A. Radiation - 2 hours

1. atornic structure

2. isotope and radiation
3. alpha, beta and gamma
4. interaction with matter

5. x-radiation and gamma radiation

B. Glossary - 2 hours

1., terms - lear them first
2. significance and explanation of

C. Radiation Levels - 1 hour

Test Evaluation

Criteria

1. GSI Text
2. General College

Chermistry & Physics
3. NDT handbook by

Robert McMasters

AEC' & Government

Literature

AEC Title 10,
Parts 20 and 34

1. 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 - 1 hour AEC & Gc

literature

vrernment

GSI text,
Tatiaonal

ry Literature
1. whole body effects Argonne P
Z. reversibility and irreversibility Laborato
3. skin effect
4. reproductive organs - genetics and future generations
5. effect on blood

E. Methods of Controlling Radiation Dosage - 1 hour College physics
texts, Budd Co.

1. time St. Louis Testing
a. equations School Literature
b. explanation

&

2. distanc-e
a. equations
b. explanation

3. shielding
a. equations, charlis and g raiphs

b. absorption facto vs
:c. half value layers
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]i. ]R;adiai. io~i I)(!:c(te ion Iiistru~no1ts - i hour

A i!v(di.atioe ee ti..•,.zJo o Ins tr urents

1. Nucor ý2S 40A survey meter
a. principle of operation
b. operation technique

c. limitations
d. calibration

2. Filrm Badge
a. pirinciple of

b. use of
c. limitations

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

c. limitations

B. Survey Techniques - I hour

1. General
a, background and its significance
b. equations

2. Our Operation at GSI
a. technique
b. documentation and records

t Manufactu rers IDa ta
and Informational
Sheets

Title 10, Parts 20 & 34
Budd Co. & St. Louis

Testing School Texts

Government Literature
GSI License Application
GSI Operational Procedures

3. Quiz

III. Radiographic Equipment - 1 hour

A. Exposure Devices

1. Diagrams
a. explanation
b. limit:ations
c. advantages

2. Operation of
a. theory
b. our procedure

3. Storage Container
a. requirements
b. qualifications o[ Devices

-A. EG. Crequiremnents

Manufacturers

Literature, GSI License
Application, CSI

Operational Procedures,
Title 10, Parts 20 & 34
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IV. Procedure - 3 hours GSI Operational
Proc: edure s'., Cs151

.Regii a r Ope ration ,.-r,)c cdure License Applc.iaLftn

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 Title 10, Part 20 K- 34
& Armendments.

A. Title 10, Part Z0

1. review

2. explain

B. Title 10, Part 34

1. review
2. explain

C. Title 10, Amendments

1. review
2. explain

VI. Review - 3 hours

VII. Examination - 2 hours

VIII. Equipment and Operation Of in the Radiographic Installation Itself.
Evaluations Made Fromn. Observations Of Each Individual by Radiation
Safety Officer.

A. Exposure Devices

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,. &GSI.
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C. Pocket Chamber and Minomet-er

1. Actual operation* of, by each individual until he becomes L

proVicient in its operation.

2. Actual rec(ordingl of any and all records required by A. E. C. and

(.S. I.

D. Film Badge

1. Actual practice and full expanation of procedure of receival,

use and mailing to Badge Service Company.

IX. Two weeks on the job training with a qualified radiographer. Include

1 day or 8 observations and 8-9 days (Z weeks total) or 12 operations

whichever is larger.

X. Evaluations utilizing Radiographer Evaluation Form (at 3) are made by

the Radiation Safety Office.
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RE R FI~lR '?PAlN~r' 11G PR OGRAM!

1. At yearly intoer va]s, inkrr-ation tests -will be given to all
radk[raphers. (At 4)

IL. Tests wi[l be graded and filed,

III. A four (4) hour class will be set up to cover the areas discovered by
the infor.mational test in which the radiographers are deficient.
A test grade 80% or higher of this original test grade will indicate
continued proficiency. less than this will require refresiler training
only for. those radiographers mnaking tOe low grades. A second
successive low grade wiill result in disqualification.

IV. A final test will be given, graded, and filed. (At 5)

V1., Page 2 of the Radiographer Evaluation Form (At 3) will., be used to
sumirnarize the individual radiographer educational history.
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F)? L'r-\OTI)I T iýA huNG PR1OGRZAM.

D-riodic trainino involves possible changes in equipment, technique,
procedutre, A. F. C. regulations and any changes in the overall, radiography
program at GSI. These changes by their nature will make it mandatory that
all. radi.ographers, supervisors., or management personnel. be either notified
or educated. it may be as simple as a notice such as the following is placed
on the radiographer's bulletin board. "Effective September 28, 1971,
Robert W. Ripley is the new Radiation Safety Officer with offices in the
Betatron Building.

it nmay involve a I to 4 hour special class for more detailed education
and discussion of new procedures such as was involved with the Decemnber, 1970
amendanent to Title 10.

If a class is required, a quiz of some type depending on the subject
matter and/or on the job training will be given. Results will be filed and
summarized on Page 2 of Radiographer Evaluation Form (At3)
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AT #!

INITIAL TRAINING QUIZ

SAM PIE
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1.

2.

3.

SAMPI.E TEST

A 1.0 curie cobalt source is to be used in the center of a 20 ft.
square roomn constructed with 24 in ch concrete walls. What is the
radiation intensity at the outside wall? USe 3' as F--. V. I.. of

concrete and 14; 000 mr/hr/curie at i foot.

If a survey meter shows a 2 mr/hour gamma radiation level from
Co-60 and a man is in this area for 2 hours, what rad iation dosage
will he receive?

If the Nucor survey meter reads 3 mr/hr and the range scale
pointer is on 10OX, what is the radiation level? IX? 1000?

Radiation Exposure Dosage may be reduced by three methods, What
are they?

Explain the term 5 (N-18).

What are the 3 primary parts of an atom?

list everything you can from the expression 27 Co-59.

4.

5.

6.

7.
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8. 8. Describe oir define alpha, beta and gamma radiation.

9.

10.

Granite City, Illinois is in regional office area number
with operation offices in

Define to the best of your ability -

a. H..V. L.

b. isotope

c. half life

d. background radiation

e. curie
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: ASW "RS.AN wI:Ns
2

1. Use the inverse square law 1 :- d2

12 d(2

[ 1 10 x 14, 4 00 144000 mrihr

1 2 x (unknown intensity)
2

.dl I foot d I ix 1 =1

2
d2 12' d z = 12 x 12 144

144000 144
X1

144x = 144000
x 1000 mr/br at 12 feet with no shielding

24" of concrete = 24 3 8 -T. V. L.

1/2 x 1/2 x 1/2 x 1/2 x 1/2 x 1/2 x 1/2 x 1/2 1/256

1000 mr/hr 256 3. 9 mr/hr at 12 feet with 24" of
concrete shielding.

2. 2 x 2 = 4 mr. or mrems

3. 300 mr./hr, 3 mr/hr 3000 mr/hr or 3R/hr

4. Time, distance, shielding

5, N age at last birthday, age minus 18 times 5 equals the
individual dosage all.owed. It is used with the AEC-4 form to
calculate accumulated occupational dosage.

6. electrons, protons, neutrons

7. 27 is the atomic number, 59 is the mass number Co is the element
(cobalt). It has 27 electrons, 27 protons, and 32 neutrons.

8. Alpha particles, ejected from the nucleus, have low penetrating
power, are positive in nature.

Beta particles are -more penetrating than alpha., it may vary with
its energy, are negative in nature.

Gamma is non particle, electromagnetic waves of varying wave length
energy, most penetrating, similar to x-rays.

9. Area III Glen Ellyn, Illinois
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10. (H. V. T..,. ) The thickness 41 a material required to reduce radiation
by one hal f.

(Tsotope) Atoms with the same chemical properties with the same
num•)er of:electrons and protons but a different number of neutrons.

(Half life) The period of time required for an isotope to decay to
1/2 of its intensity.

(Background radiation) Radiation from the normal environment
exclusive of any source radiation.

(Curie) A measure of the amount of quantity oj 6-adioactive material.
It is also a unit of disintegration rate, 3. 7 x 10, disintegration/sec.
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ATTACHMENT #2

INITIAL TRAINING FINAL EXAM

(SAMPLE)
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A. E, C. -Test # 1

1. What is the utilization log'?

2. At what distances do you survey the exposure device, and what levels
of radiation are allowed at these distances for the 80 curie source?
For the small Co60 source?

3. How often must the survey meter be calibrated?

4. How often must we have a leak test?

5. Where are copies of the operating procedure and emergency procedures
kept?

6. What are (2) personnel monitoring devices that are required by the
A. E. C.. for radiographers to wear?

7. Radiation levels are measured in terms of dosage in terms of

8. What is a curie?

9. Ofthe (3) types of radiation, alpha, beta, and gamma, which is the most
dangerous? Most penetrating? Which is electromagnetic in nature?
Which is particle in nature?

10. What is form A. E. C. -3?

11. What is form A. E. C.-4?

12. Where are copies of the G. S. I. licensee application kept?

13. If' you go into the radiation room on a Monday morning and the source
is missing, what would you do? What should the licensee (G. S. .) do?

14. What are the (3) ways of reducing levels of radiation'?

15. A 10 curie source is used in the center of a 20 foot square room
constructed with 24" concrete walls. What is the radiation intensity
at the outside surface of the room? (24" concrete - 8 half value layers)
(Use 14,400 mr/hr 1 foot for I curie of cobalt.)
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A. E. C. - Test # I
Answer Sheet

1. A log of each day's operation and radiation surveys; it is required
by A. E. C. regulations.

2. 1 meter - 10 mr/hr or 200 mr/hr at the exterior surface
50 mr/hr at 6 inches

3. Every three months maximum.

4. Every six months maximum.

5. In the Control Room and in Radiation Safety Officer's office.

6. Pocket chemiber or dosimeter and film badges.

7. roentgens dosage in terms of reins.

8. A measurement of the amount of radiation; it's a rate of decay or
3.7 x 1010 disintegrations/second.

9. (a) each, under different conditions
(b) gamma
(c) gamma

(d) alpha and beta

10. Notice to employees, lists regional offices.

11. Form on which total dose is accumulated.

12. In the Control Room and in the Radiation Safety Officer's Office.

13. 1) follow emergency procedure
2) telephone or telegraph regional office immediately
3) written report within 30 days to Washington office.

14. time, distance, shielding

15. x
144000Omr/hr 122- 1.).0 mr/hr (approx.)

1 1 1 1 ! 1 1 I 1
-. 256

0Om2:nr/hr -- 256 = 3.9 mr/hr

Section 6(f) Page 84



A.E.C. - Test #)
Part .H

1. What part of an atom determines its chemical combining properties?
Its elemental identity?

2. What does the atomic number signify?

3. What does the mass number signify?

604. Write all you can from the expression 28oCo

5. Gamma radiation comes from what part of an atom.? The beta particle'?

6. Name two forms of interaction of electromagnetic radiation with matter.

7. The penetrating power of gamma radiation is determined by its

8. One curie of Co60 emits per hour at feet with an
energy of 1.5 M. E. V.; at the end of one half life it emits
per hour at •feet with an energy of M.E. V.

9. How many half lifes may our source go through before we have to stop
using it? Why?

10. What is reversibility?

11. What is the first visible body indication of an over-exposure to radiation?

12. List in order of their penetrating power: gamma, alpha, and beta radiation.

13. What are the three methods of reducing exposure to radiation available to
the radiographer?

14. Under what conditions may a radiographer wear another individual's film
badge?

15. What do the numbers 1OX & 1000X on the CS40A survey meter mean'?
If the scale needle indicates 3 mr/hr, what is the radiation intensity if
the selector switch is set on IX'? 100X? 1000X?

16. Name and explain (2) weaknesses inherent in the pocket dosimeter'?
How do you compensate for these?
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17. How many radiation surveys are made during an 8 hour day in the
No. 6 Building cage'?

18. ']'here aire three isotopes of hydrogen. How many are radioactive?

19. The pocket dosimeters we use detect gamma rays; how good are they
for detection of alpha and beta? Why?

20. 6020. CO decays to It emits per
at feet. Its half life is . It emits
radiation and particles.
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A. E. C. - Test # 1
Part ii

ANnswer Sheet

1. orbital electrons

protons in nucleus

2. the number of orbital electrons, number of protons

3. the number of neutrons and protons in the nucleus

4. It is cobalt. Atomic number 28.
28 electrons, Mass number 60.
28 protons
32 neutrons
If it is cobalt, the atomic number should be 27.

5. nucleus
nucleus

6. Compton effect; photo electron effect: ion pair production,
Bremstrallung effect.

7. energy

8. 14,400 mr per hour at one feet.
7,200 mr per hour at one feet
energy of 1. 5 M.E.V.

9. 1, 2, 3; it's a matter of economics.

10. ability of body cells to rebuild or repair themselves

i1. redness of skin

12. gamma, beta, alpha

13. time, distance, shielding

14. none

15. multiplication factor
3 300 3,000
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16. (1) Easily discharged by accident, requires separate measuring
iustruieent, or you cainnot extrapolate "off scale" readings.

(2) Be careful, frequent readings and use of film badge.

17. Depends on number of exposures, but there will be a minimum
of two (entrance and final).

18. One

19. None, the alpha and beta particles will not penetrate the chamber walls.

20. nickel 14, 400 mr hr/curie one feet 5.3 years

gamma radiation beta particles
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ATTACHMENT # 4

RADIOGRAPHIC INFORMATIONAL TEST

(SAMPLE)
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Inlormation Test for Radiographers

1. Define "occupational dose."

2. What does "radiation" mean'?

3. What is a "restricted area".?

4. What is "Source Material"?

5. What is meant by "survey"?

6. Define "rad."

7. Define "rem. "

8. Define "dose."

9. Define "curie."

10. Who is permitted to make interpretations of regulation meanings?

11. Communications and reports are made to which office of the A. E. C. ?

12. What is the permissible dosage of an individual in a restricted area?

13. What exceptions are there to the stated permissible dosage?

14i What is meant by "accumulated dose"?

15. What information is obtained on Form AEC-4?

16. How are airborne radioactive material limits determined'?

17. What restrictions are placed on minors regarding radioactive materials?

18. What restrictions are enforced for radiation levels in unrestricted areas'?

19. Concentrations of radioactive materials in effluents are governed in which
manner'?

20. What are the restrictions in the medical applications of radiation'?
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21. -l-ow are bio-assays used in the regulations?

22. 1W lowdoes a "high radiatio area" differ from a "radiation area"?

23. Describe a radiation symbol.

24. What 4 caution signs are designated by the regulations?

25. Is it necessary to label containers of radioactive material in a radiation
area?

26. Is it necessary to post the A. E. C. regulations for licensed establishments?

27. Is it necessary to supply radiation exposure reports to employees in
restricted areas?

28. What are the two basic instruction areas for personnel as stated by the
regulations?

29. Is any authorization required for disposal of licensed material?

30. Can licensed material be disposed of by releasing it into sanitary sewers?

31. What is the common method of disposal of licensed material?

32. How shall Form AEC-5 be used?

33. What procedure should be followed if licensed material is missing?

34. Notification of an incident must be made to the A. E. C. in what period
of time?

35. What radiation report can be requested by an employee?

36. At termination of employment, what report should be'requested by an
individual?

37. Define radiographer.

38. What is accomplished by a "leak test"?

39. What three types of training are required for a radiographer?

40. What are the radiation limits adjacent to the radiographer exposure devices'?

41. Is it required that exposure devices be locked?
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42. How often, must radiation survey instruments be calibrated?

43. lI ow l:Yequently must aI source be leak tested?

44. [low frequently must source material be inventoried?

45. What is the purpose of the utilization log?

46. How frequently must a radiation survey be made?

47. Is it necessary to have direct surveillance of radiography by a
radiographer ?

48. What monitoring equipment is required in performing radiography?

49. Is it necessary to have written instructions for operating procedures?

50. Is it necessary to refer unusual equipment or operating conditions
to the Radiation Safety Officer?
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Information Test for Radiographers
Answer Sheet

1. The quantity of radiation absorbed by the body or any portion thereof
excluding medical x-rays or therapy.

2. Alpha, beta, gamma, x-rays, including x radiation from the Betatron,
but not including sonic or radio waves or visible or invisible light.

3. Any area, access to which is controlled by the licensee for purposes of
protection to individuals from exposure to radiation from radioactive
material.

4. Uranium or thorium, combinations thereof and in any physical or chemical
form.

5. A tour through an area with a survey meter to evaluate and determine
radiation levels or hazards.

6. A measure of the dose of any ionizing radiation to the body in terms of
energy absorbed.

7. A. measure of the dose of any ionizing radiation to the body in terms of
biological effect relative to a dose of I r of x ray. In our facility,
rem, rod, and r are the same..

8. "Dose" is the amount of radiation absorbed by the body or parts thereof.

9. A measure of the amount of radioactive material or a measurement of
disintegration per unit of time.

10. A written interpretation by the General Counsel is recognized by the
Commission.

11. Washington, D. C. or office listed on AEC-3 forms.

12. 1.25 reins/quarter whole body, or 3 rems/quarter when the 5(N-18)
paragraph is used together with an AEC-4 form preferably filled out.

13. Due to repeated lowering of maximum permissible dosage, an AEC-4 form
may result in a higher dose permitted after January 1, 1961. The excess
may be ignored.
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14. The toti:a lifetime dosage of an individual.

15. (1)
(2)
(3)
(4)

radiaiion received from former employments
correct age

total dose to date
additional dose permitted 5(N-18)

16. Not discussed at lecture or educational classes.
The question is thrown. in to evaluate extent of extra reading or
interest by the individual.

17. (1) no exposure to airborne radiation
(2) a dosage of 10% or less of adult dose in a restricted area

18. Average radiation levels and occupancy factors calculated so no individual
receives a dose in excess of . 5 rem/year. If included in license application;
otherwise 2 millirems per hour or 100 millirems/7 day week is maximum.

19. This question is not specific to our facility; answers are used to determine
extent of radiographer's extra reading or study.

20. A. E. C. does not limit or regulate an individual's exposure to medical
radiation.

21. This question is not specific to our facility; answers are used to determine
extent of radiographer's extra reading or study.

22. In the level of radiation, posting requirements, entrance and surveillance
requirements.

23. A yellow background, purple or magenta symbol. Symbol is a small central
circle surrounded with three segments of a larger circle, at alternate 600.

24. (1)
(2)
(3)
(4)

radiation symbol
radiation area
high radiation area
storage container signs

25. It is not always required by A. E. C. regulations. For our facility it is
always required.

26. Yes

27, Not always, but for our facility it is required.
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28. (1) rioU ilcat:ioii, posting and instruction of radiation area
(9) postI regyulritn \1o,-

29. Yes

30. Under certain conditions it may.

31. Burial at sea or underground.

32. As a record of individual exposure to radiation.

33. Report to Regional Office by telephone or telegraph immediately; written
report to Washington within 30 days; follow emergency operating procedure.

34. Follow emergency operating procedure. . immediately notify. Regional Office
by telephone or telegraph'or a 24-hour notification period depending on
degree of radiation hazard.

35. A summary of his individual radiation exposure history.

36. A full report of his or her exposure dosage while employed at that facility.

37. One who personally conducts or supervises radiographic operations and
is responsible to the licensee for compliance to regulations and license
conditions.

38. A check on condition of source; has any of it been scraped or rubbed off
and thus contaminate the area?

39. original, refresher, periodic as new equipment or procedures are adopted,
on the job.

40. 80 curie device 10/mr/hr at one meter
.5 . . 50/mr/hr at 6 inches

41. Yes, when not in use.

42. Every three months, maximum.

43. Six-month intervals.

44. Quarterly.

45. A record of each use of a source, who used it, and survey records made.
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46. Before stairting a shift, before each entraince into an exposure area,
;m* .d fiie" co.cmpleting a shifit or series of exposures.

47, Yes

48. A survey meter, film badge, pocket chamber dosimeter, and stationary
monitoring device.

49. Yes

50. Yes
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A T #5

REFRESHE'E TRAINING TEST
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Rk• IVS1--lER TRAINING TEST

I. What are three ways of reducing levels of radiation?

2. How often must the survey meter be calibrated?

3. Explain 5(N-18)

4. Distinguish between half valve layer, half life.

5. At what distance are we to survey the 80 curie source'? What is the maximum
level of radiation permitted? What are the origins of these rules?

6. Where do we discard radioactive isotopes when we are through with them and
buy a new replacement?

7. What is AE.C 5?
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8. DefJ lie c I gfipir

9. When can the door going into the control room in the betatron be unlocked?

10. Have you read the latest license application?
Have you read the latest operating procedure?

11. Define remi., curie, roentgen.

12. In- case of emergency the radiographer is to call the Radiation Safety Officer or
an alternate. Who are the R. S. 0. and the three alternates?

13. What are the personnel monitoring devices worn by the radiographer? Who
requires this?

14. What is leak test?
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15. On the attached bl.ank page .write an essay. on our radiography set up from any
angle y'oc select. It may be complirnentary, objective, critical, but make it
thloughltulM •ind 01-i onjua
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ANSWERS

1. Time, distance, shielding

2. Every 90 days.

3. N age at last birthday, age minus 18 times 5 equals the individual
dosage allowed. It is used in conjunction with AEC-4 for calculating
accumulated occupational dose.

4. Half value layer is the thickness of a material that is required to
reduce radiation by one half.

Half Life is the period of time required for an isotope to decay to
the point at which its intensity is reduced by one half.

5. A distance of one meter; 10 mr/hr, part 34 title 10 AEC rules and
regulations.

6. Turn them in to the supplier of the new one if he has license for
disposal.

7. A record of each individuals exposure to radiation.

8. An individual who performs radiographic operation uses radi-ographic
exposure devices, sources and handling thereof, is responsible to the
licensee for compliance with AEC regulations.

9. Only when someone is authorized to enter or leave

10. Yes Yes

11. A measure of the dose Of radiation in terms of biological effect
relative to a dose of one roentgen.

A curie is a measure of the amount of radioactive material; a
measure of the amount of disintegrators per unit of time; or one
curie equals 3.7 x 1010 disintegrations per second.

The roentgen is a unit of radiation intensity a measure of the ionization
of air.

12. Robert Ripley; W. Rapp; P. Wells or John Abbott.
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13. Pocket dosimeter, film badge, AEC

14. A smear taken at critical areas of the exposure device to be tested
to see if any part of the source has been physically worn. The
smear will pick up the worn traces, if any.

15. No answer for this one, almost any answer will get some credit based
on content,. attitude and originality.
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ATTACHMENT # 3

RADIOGRAPHER EVALUATION FORM
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RA DIOCRAPIHER'S TRAINING EVALUATION FORM

NAME AGE DATE

1. Quiz Grade

2. Final Exam Grade

3. Participation during lecture course

Comments

4. Proficiency at the end of two weeks in operation of:
Satis- Unsatis-

factory factory
(a) Budd Co. Unitrons

(b) Radionic Camera Model P60-100-2

(c) CS-40 A Survey Meter

(d) Victoreen Minometer & Pocket Chamber

(e) GSI Operating Procedure

(f) Simulated Emergency Procedure
Number 1
Number 2

(g) Utilization Log

(h) Personnel Monitoring Records

(i) Inspection & Maintenance Logs

5. Comments

6. Recommendations:

(a) Additional two weeks "on-the-job training" ,_..... ... . .......

(b) Additional academic knowledge______________________
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(c) Qualifies as Radiographer

(d) Disqualified

SIGNED
TRAINEE RADIATION PROTECTION OFFICER
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RADIOGRAPI.I R'S TRAINING EVALUATION FORM (CONTINUED)

Test Test R.S.O.
Test Date Grade Comments Initials

Initial Training.

Final Exam

Refresher Test

Refresher Test

Refresher Test

Refresher Test

Refresher Test

Refresher Test

Refresher Test

Refresher Test

..Refresher Test

Periodic Training

Periodic Training

Periodic Training

1.

2.

Refresher test given each year.

Periodic training as necessary when new equipment, new procedures, new
A. E. C. regulations, or other events occur, making it mandatory that some
form of training be given.
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INITIAl TRAINING TEXT BIBLIOGRAPHY

SUGGESTED LIST FOR FURTHEP STUDY
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A 67-page text book has been written and issued to eacli student

radiographer for out-of-class reading and study. The following bibliography

was used as reference material for the preparation of this. text. It is also a

list the radiographer may use for outside reading on his own initiative.

BIBIIOGRAPHY .

1. Radiation Health Physics Program Outline

Instuments Division, Budd Co.

2. Instruction Manual Model 110A Unitron

Instruments Division, Budd Co.

.3. Instruction Manual Nucor CS-40A Survey Meter
Nuclear Corp. of America

4. Measurements of Radioactivity
National Bureau of Standards
U.S. Government Printing Office

5. Los Alamos Handbook of Radiation Monitoring
Los Alamos Scientific Laboratory

U.S. Government Printing Office

6. Protection Against Radiation from• Radium Cobalt 60 and Cesium 137
National Bureau of Standards

U.S. Government Printing Office

7. Radiological Monitoring Methods & Instruments
National Bureau of Standards
U. S. Government Printing Office

8. Protection Against Radiation from Sealed Gamma Sources
National Bureau of Standards

U.S. Government Printing Office

9. The Tolerance Dose
S. T. (7antril, M. D.

-T. M. JPa rlk er
Argonne National I aboratory
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10. The e ffects of Irradiation on the Blood & Blood Forming Tissues

S..J. (.;Cant ri]
I . Jacobson
J,. J. Nickson

Argonne bjatiinal Laboratory

ii. Radioactive Isotopes as Source in Industrial Radiography

Gerald H-1. Tenney
Los Alamos Scientific laboratory

12. The lethal Effects of Radiation
Rdward Speena, Ph. D.
Scientific American

13. General College Chemistry

'L. B. Richardson
A. J. Seanlett

Henry Ha-olt & Co.

14. Background Information on the 25 Million Betatron Volt
Allis Chalmers Mfg. Co.

15. 25 Million. Volt Betatron Manual
Allis Chalmers Mfg. Co.

16. The Use of Cobalt 60 for Industrial Radiography

A. Morrison
Physics Division

National Research Council of Canada

17. Radiation Physics .& Bomb Phenomenology

U.S. Government Printing Office

18. Concrete as a Protective Banner for Gamma Rays from Cobalt 60
R. J. Kennedy

1. 0. Wyckoff
W. H. Snyder
National Bureau of Standards
U.S. Government Printing Office

19. Title 10 Atomic Energy Part 20 Standards for Protection Against Radiation

Code of Federal Regulations

20. Title 10 Atomic Energy Part 30 Licensing of Byproduct Material
Code of Federal Regulations

21. Title 10 Atomic Energy Part 31 Radiation Safety Requirements for
Radiographic Operation

Code of Federal Regulations
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E2. Electron & Nluclear Physics
J. B. Hoag, Ph.D.
D. Van Nostrand Company, Inc.

23. N. D.IT '. Handbook, Vol. 1 ancd 2

Robert C. Mc Nasters
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TEST AND EXAM SCHEDUJLE
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TEST AND EXANM SCI-7lEDUIE

.nitial Training for Radiographers

At. #I quiz each one different

At. #2 final exam same test each time, no

radiographer will repeat this series

of classes

2. Refresher Classes

At. #4 informational tests two basic tests, changed on

alternate years

At. #5 refresher test changed each time

3. All attachments(At.) are samples only.

4. Records, of above will be filed with the individual radiographer evaluation

form; this includes the actual tests, and grades. A grade of 75% will be

considered passing except for the 80% factor outlined under refresher

training.

5. Evaluation of tests and exam answers will be based on information from

appropriate sources as listed in the initial training course outline.

References and additional informiational sources are listed in the

Bibliography (At. 6).

6. All training classes are organized and instructed by the Radiation Safety

Officer who shall be approved by the AEC before assuming this

responsibility. The present Radiation Safety Officer, Robert W. Ripley,

is approved by the AEC.
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7. The Safely Departiment assists by forwarding information on radiation

'and St.at|• and Federal iR egulations that is obtained from all levels of

g ) v c[r-iren! and the (61S insurance agency.

3. Any NDT supervisor who assists in these classes shall have training

and knowledge equal or superior to the level required by the AEC for.

a radiographer.
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6. (g) I',RNT A 1,AIN IDTSPECTION S Y STEM

OCR OTI-IE P MANAGE ME ME'IT C , TR OL

(h) OVE RALL ORGANIZATIONAL, STR UC TURE

Section 6 (g) & (li) Page 114



-INTI F O' Al lT 1j (I ITr Y A ND C) N T R 01..

The Granike City vPlant Managren -iS C lontro System was set

up to assure t!inaiiagem•nt as well as the AEC thai all AFC and Management

regulations, provisions and operating procedures are known and followed
by all personnel concerned.

The Control Group is headed by the President of the Castings

Division of G. S. I. The Director of Quality Assurance reports to the

President. The Manager of Quality Control is also the Radiation Safety

Officer and reports to the Director of Quality Assurance at the time of

this application. We do not wish to restrict the Radiation Safety Officer

and the management position of Manager of Quality Control. It is conceivable

that in the future one man would not have both responsibilities. The

radiographers work directly under the supervision of salaried foremen who

report to the Manager of Quality Control.

.The Castings Division Comptroller reports to the Division President.

*His department operates independently of the Quality Assurance Group. He

supervises the actions of an individual designated to maintain files relating

to radiation safety, license conformance, quarterly inventories on announced

basis and who operate a pull-out file for calibration of survey instrufnents.

H-e has copies of tle license application, AEC and management regulations

and receives instructions in this application from the Radiation Safety Officer.

A third department involved is the Personnel Department. The
Director of Personnel reports to the Works Manager who is responsible
to the Division President . The Manager of Plant Safety reports to the.
Director of Personnel. He maintains liasons with the State Board of Health,
GS1 Insurance Agency and works with the Fadiation Safety Officer in areas

of radiation safety, He conducts at least two unannounced audits of the

radiographic facilities and makes a report directly to the President of the

Division, with copies to the Director of Personnel and the Radiation of Safety

Office. Areas of weakness or non-conformance will be detected and corrected

promptly by the Radiation Safety Officer himself or through the Maintenance

and Repair Department. He also maintains copies of the license application

and AEC rules and regulations.
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QU A 1.117 [CA TION'S

Foor a radiographic installation no larger than the one at GSI, the

primary responsibility for radhographic safety and AFC cormpliance rests
with the Radiation Safety Officer. Other individuals and departments are
involved as a mnatter of cross checks and controlis on the radiographic
facility and the Radiation Safety Officer a direct access to the Division

President is thus available.

The Radiation Safety Officer must submit his qualifications to
the AEC and be approved before he can act in that capacity., i--is knowledge

and training will be greater than that prescribed for the radiographer.

The'Accounting Depart-ment representative responsible for record

keeping and quarterly inventories is furnished with copies of t.he license
application and !0CFP part 34, 20 and all AEC - GSI rules, regulations and
amendments applicable to his duties. He does not participate in the formal

training program provided radiographer. He and the Radiation Safety Officer
study and discuss these rules, procedures and regulations until they are.

understood by the accounting representative.

The Manager of Safety is responsible for all aspects of Safety and

State and Federal compliance for the Castings Division. In all matters of
radiation safety, he works closely- with the Radiation Safety Officer. He
maintains copies of AEC rules and regulations, State Board of Health rules
and regulations and our license application. He attends all of the training

schools, initial periodic and refresher. As a responsible member of the
management team he maintains a higher than average knowledge of radiation

physics and safety.
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6. (i) LEAK TESTING PROCEDURES
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Leak lests are performved in accordance with P--art 34, Section 34. 25

by St. L.ouis Testing Ilaboratories, Inc., 2810 Clark, St. T.ouis, Missouri

63103. 'These tests are perforrned in conipliance with AFIC License 4124-001.88-03,

expiration date February 28, 1974. A certification of the exposure device is

submitted to GSI and a file is maintained for AEC inspection.
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AMENDMENTS OF MAY 19, 1972

JULY 17, 1972
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UNITD STA.ES

,, ... A MIC' ENERGY COMMISSION
II NGJON. C) 2W .O4')

i -..~.:

LiP, : :1o B •

(26827)

General Steel Industries, Inc.
AT.TN: Mr. Robert .W. Ripley

Radiation Safety Officer
1417 State Street

7 62040

Tso your..etter dated.May 19, 1972, With which you submitted
additional infbor-mation concerning your application for renewal of License

in your revised aoplicatio, you refer to Budd Company Models., C374: and
C-375 sealed sources. License No. 12-08271-01..specifically designates

-I at you m:fay possess Budd Company Model 41706. sealed sources in Budd .
Company M odel ll0AB exoosure devices. Please. clarify the source of .your .
designation of the sealed sources in the model number of the device
Which you. possess.

Although St. Louis Testing Laboratories has been authorized to calibrate
its own instruments, it has not expressed any intent to.provide. such, a
service to other persons. Regardless of the person who will calibrate
your instruments, it. is the responsibility of. General -Steel Industries,
Inc. to assure that instruments are properly calibrated. it i.i.. inappro-.
priate to reference .the license number held by St. .Louis Testing, Labora-
tories since this does not provide specific information. concerning.
calibration procedures. You may wish to reference a specific procedure
followed by St. Louis Testing Laboratories for calibration of your.

instruments.

in your procedures you specify that film badges will be processed in th-e
event a pocket dosimeter is found to be off scale -only after you make a
determination that the discharged dosimeter indicates an apparent over-
exposure. Section .34.33(b), 10 CFR Part 34, .requires immediate processing
of a film badge if the.pocket dosimeter is discharged beyond its range-.
Your procedures should be changed appropriately and copies of. the changes
submitted to us.



.General Steel Indus-tries, Inc. -2 -

With respect to persons who will be responsible for Iradiation safety and

for training, we need complete and detailed information concerning the

scope and extent of their training in radiation safety and in the actual use.

of radiographic equipment utilizing sealed sources. ý Information should

indicate the scope and extent of training courses and• where.- when, and
what type of equipment was used by the individuals..andthe extent of
their responsibilities for radiation safety.

, -•. C. . f73:• tie?. Ovid 0(1 your- ao..ciiatioifo license fonrwa uuon

receiuf inn at ae Lrequds ed above.

Sincerely,

Nathan Bassin
Materials Branch
Directorate of Licensing



May 19, 1972

oNo.. 12-8271 01.

Mr. Bas.i..s Letterof April S. 1972

-Wa have r-eceived and studied your com~ments withl great. care..
In ad'ditioni to our answers which are listed in. this lette r, w e ha ve enclosed
correction sheets Where necessary. Also enclosed are. two c~opiest of our
operattng aad e-erge ncy operating instructions as you requested. The Y
are taken from the License application under consideration at this ~time.'
A letter listing qualfications of the radiation safety offic er is alsoenclosed.

In ?aragraph 1, reference is made to the 'exposure devices.' These
devicea and theit respective sealed sources of Co.~ were purchased fro
Lour to ten years ago. At the time of purchase, the Budd Company and

* 1adionica, Inc. were actively engaged in the manufacture. of exposure devices.
They did ma.nufacwre our devices and their "nae plates attaed to the
devices. On our original License application and on all subseque: nt. aplications.

• number. is•. litdo

,e have always used the original manufacture and rodel eas lised on
the name plate of the exposure device Itself. The reference to Nuclear
Consultants Shouldi be eliminated and Budd Company :subs tit uted . A.:cor .rected
copy of AEC 313P. !s enclosed.

in the second paragraphi the three Victoreen. model 592B is correct.
-ýhe nefarenge to aphcor Model CS-40A will be changed accordingly. A corrected
psraes to enclosed.



St. Louis Testing laboratories do our calibration under their
AEC License No. Z4-00188;-Z as stated in our application. We have a copy
of this license in our file. The AEC Licensing Guide. Appendix C requires,
that all the information relating to calibration procedures be subrrmitted to
AEC by the teeting- laboratory and approved before they, are granted a License.
The final paragraph of AppendLx C of the licensing Guide states that if this
information has been previously submitted to AEC. it is. not required on an
application for industrial radiography such as ours. Since St. Louis Testing
l.aboratories have submitted this infovnation in, nr.'der to receive their.license,
I did not feel it was necessary for..GSI to submit it as part of the GSI License.

.... e.. ...... th- tt oniy a referenzce to t'he calibration labor-toty 'L -eces6ry.
F =• •'i.. •'::a :• i, i:a w , .. ... .... .. .... S . -o'u_)• " s Te s t- a b ra i••. o• •' ,•Y',: • r a ,co~p o"'t o0 ý,-" Y

-•. .. d.J .CQ..A .. D t .t ,j.C

.. t,.e 7Z~~~ Yu .±ý aztc rae'renced zrhts da-.-Za Q'J'or aiPkaLGIZýý
in the tird paragraph, reference is made to the C.Si3 quarterly

~ectio• .ad mai nter~arce pro.ar, In Our •icense -apwpiica.i, we-state.

ha t a .a...- oer or a super%,u'or or the. radiation safey officer do the
a zýter, chec'k. Vle wil cha:-gt this to read "the NDT supervisor or the
a'd ia tion safet6 .,officer and a radiographer"' will conduct the quarterly survey.

We feea tnlat if ore of the radiographers themselves are present, the entire
.-- p "Vi'll have a greater level of confidence and knowledge of our program.
1he procedure 6etails are as listed under hIA to I inclusive of the Inspection
and Maintenance. rogram. The daily aspect of the Inspectionarand Maintenance
Program is conducted by the radiographer. The. quarterly aspect is conducted
by a radiographer and an N•!DT supervisor or the radiation safety officer.
The six (6') month aspect is conducted by the Mechanical, Pepair Crafts in

the presei•ce of a radiograpler and his supervisor or the radiation safety
officer. The description of the work to be perf6rmed is covered in the

actual procedure Itself which is part of this application.

In the fourth paragraph, reference is made to6operating and ermergency

operating procedures. The copies given to the radiographers and posted on
Zhe bulletin board are. merely xerox copies of the pages ,n the licenseapplication.

As we stated in our letter of introduction that accompanied our.
present 7 icense application, it has been up dated. Therefore, the present
instructions given to the radio.grapher are xerox copies of those in the License
application under -which we are presently operating and may differ in a few.
-words here and there from the present application under consideration.. When
tte subject application is approved, xerox copies will be made from. the "originals"

p,•, 1iB rizuted tr. the radicgraphers.

In tlhe fifth paragraph, reference is made to the qualifications of the

--r.dividuai conducting the training schools. In my capacity as radiation safety

ollcer, I conduct. all..classez and organize the program. A copy of aletter
nz 1%ng -. ;ualificAItions ard bistory in the field of radiation is attached.



Ni 'N a zz a n. Z, a S 3 1 la

rage

ADM)ZINISTRTATIVE HR

Pý-es ident

I

Pex3onna~l Director-

V. P. Manuf4acturing~

ýAa ag er of QualitZ Assýurance

Plant A ountant

Acctg..Dj pt. Clerk

TABLE 11
Table~ ~ gr grne th a "i -

,able 11 %ives the admi~nistrative sectiOni of the csi program. Their

funct ion is not in the technical group but is part of our system of checks and

balances, accounting and mranagernent control. The function and qualification
ot-*,e accounting clerk and "Manager of Safety is outlinedJ in the L.icense

applicavon. ThiMs group ex*.-r:cses control over the technical group in the area
of accounfing and inventory controls, special audits on our operations,
rnainmenance ol records as outlined in Pages 115 and 116 of the application.

We hope t.e above answers to your review of our application are
satisfactory and meet with your approval.

Sincerely,

R6bertW. .Ripi y-'
Radiation Safety Officer

RWR:err



,'' .UNITED STATES
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(268127)

General Steel Industries, Inc.
ATTN: >,r. Robert W. Ripley

R adation Safety Officer

....... $

'-CS

•...x.•,• i y• ii no-s o''2,04.0

This refer.s to your application dated March 15, 1972, for amendment
of License No. 12-08271-01. The model numbers of the sealed sources
specified in your application do not appear to be appropriate since:
;uclear Consultants Corporation does not supply sealed Lsources f:or
the Ludd C-opany devices. Also, Radionics is no longer in business.
Please clarify the: manufacturer and model number of each:source for
which you have made application.

in the section on the instruments which you have available, .you specify
that you have three Victoreen Model.592B survey meters. The section on
calibration of instruments specifies that the three Nucor Model CS-40A
survey meters will be calibrated by St. Louis Testing Laboratories:.
Please clarify this discrepancy. If St. Louis Testing Laboratories will
calibrate your instruments, we need a complete and detailed description
of the procedure which will be followed.

The quarterly inspection and maintenance of radiographic equipment
should be a management function which should not be delegated to the
same radiographers who perform the daily inspections. It is intended
that the quarterly .inspection of maintenance be an independent check
of the devices. Please provide information concerning by whom the
quarterly inspection and maintenance of equipment will be 'performed
and a detailed description of the inspection and maintenance which will
be performed on each device..

Your operating and emergency procedures should contain all the information,
as applicable, as specified in Section 34.32 10 CFR Part 32. It is not
clear whether the operating and emergency instructions given to personnel
are solely contained in Section 6(e) of your application.:. Please provide
two c-pies of the operating and emergency procedures in the form in
which they are given to personnel.



Generai S-eel industries, Inc. -2 -

With respect to training, we need to know the name of each individualwho will conduct.training and his qualifications to conducttraining..

We need a more complete description of the organization of theradiography program. Section VI of the licensing guide for radiographydecribes the type of information which should be submitted.*

We shall continue review of your application upon receipt of thezormaticn we have requested above, in dunlicate

Sincerely,

.... ( ///

Nathan Bassin
Materials Branch
Division of Materials Licensing

Enclosure:
AEC Licensing Guide -

Industrial Radiography



CASTINLSS DIVISIOQN

1417 State Street
Granite City, Illinois 62040

618 .452-2120

July 17, 1972

Dv.J :e i a s : - -i o , "Nil'.oa-L.riaIs dic-a L

Dear Sir:

Re: License Application 12-0821-01
And U.S.A.E.C. Letter of June, 197Z

After an exhaustive search .through all copies of our lid6ense application
dating back to the. originaliin 1961-62, we can clarify the question raised in the
second paragraph of your recent letter. In the early 60Osi A.IE.. 31.3-5-58
forms were used. A copy of a page from. this form is attached referencing the
41706 sealed source. In our 1964 application, A.E. C. 313R 9-62 was used.
The R revision was more specific in some ways. .The 300-041706(B) reference
in 62-63 was the number of the Budd Company capsule assembly and was used
in both Budd cameras. In 1964, the A. E. C. R form was interpreted to mean
that each individual isotope and its respective camera device was to be documented.
In this application we therefore dropped the capsule assembly number 'which
applied 1o both carmeras) and used the individual source numbers obtained from
Dr. Korniker or Nuclear Consultants tVdtheir respective camneras. At no time
have ny chan.,es been made in the Co sealed sources or their respective,,
exposure, devices.

For calibration of our survey instruments, we wish to retain the services
of St. Louis Tes:iting Laboratories and have attached a copy of their procedure..
W- v1ill also reta•in a copy in our files for reference.

Schr.eergency operating procedure for an "off scale" reading of a
,C;e a c bar-ber has been revised and is attached..:

..... Lt:. •L - s...3e•l "ic " Ldw* .i~ I ~ Ck;ih

'0 ..... .. t : .:• ,; wo - :,•:,, ,¥i~ t~rqmeero.t Cmr, a:•



As radiation safety officer, i am -responsible for the radiation safety,.
practice, arnd training prog rar- for the entire N. D. TI group. The first t r~adiation
schoil I att.'nded was conducted by Dr. Konniker of Nuclear Consultants in the
late 91940.'s.wh-l employed at the lKey Company in East St. Louis, Illinois.

At this time, low curie sources were handled with "fish poles",
electromagnetic pick-up d.evices, and hydraulic or electricali operated .rams
for lifting sources out of floor holes. The "cutie pie"' was. the basic survey.
instrument and victoreen minometers, pocket ch Ibrs, and. dosimeters and
various types of film badges and blood tests were used for exposure surveys.
I-tr...... ." ,-erv and, use of these devices were -Aven by Dr. Kon iker '- "

i::tu.e niinsk. E.• C c:. -ules &and regulations were expiained,
Kcy C orni.. and Nucle ar a- su].Sants are both cut of buSi euss athtis sUT4C.,

While employed at General Steel industries, Inc. , we used radium-so;-,2-c e S -u n tii o v ar ssey5 7

sou.ce....iiui we converted to isotopes. The prorarh was set up by roysel:,
Wil-a.a E. Da%" ", and Dr. Konniker and his associates, I attended the
Budd Company ,school in radiation physics held in Chicago, .1 believe, which
complied with all the requirements then listed in Appendix A, part 34, title 10.

Lab sessions were conducted with all Budd Company: exposure devices
including the model purchased from Budd Company. Radiation survey instruments
were of the Geiger type, scintillation and proportional counters and personal
mr•itoring equipment. This covered the ionization chtamber and the molecular
dissociation or excitation types.

The various Civilian Defense Warden schools I attended in. East. St. Louis
and Granite City covered every conceivable type of radiation detection de'vice
available. They were sponsorcd by the C. D.A. th.rough local Universities and
high schools. i do not remember specific models and types.

In addition to the above, I have several semeSter hours of formal college
instruction in nondestructive testing techniques and safety at Rolla University,
St. Louis carnpus. From 1949 to 1964 and from 1971 until the present, Ihave been
directly respbnsible for practice, training, safety, and actual operation of.
radiation prourarins in .various industries. During this period, .I have worked
with other radiation sources such as 25 MEV betatrons and various types of
x-ray macnrhines.

Mr. Walter Richter has taken the training program outlined in the
i. • .. :ns,: application. He has taken a class sponsored by Dupont Comipany

-•icn vas :a"'.-ca:lly theory and lecture on technique and safety in radiography.
He has worked with the 3udd Company and Radionics Company devices, the two
MIEV betatrons and various x-ray machines of 1 MEV and down. He has operated
a"d has Y,:.1n i1..ctd ii all thei devic-"s ,nmentioned in. our license, applicati" rn. T-Ti,
has . 'i' at C,:!nerai S't:el industries, Inc. in the radiation area for ten years.



Pp3

NIr . John Abbol t, a rccent gradua•te of Rolla University, has coli.Cee

credits in nordc structivye.testing, theory, lab and lecture. He was recently
moved upto ASN'I'-TC-i.A vel III radiography. He has received instructions
in the operation o.A all three cxposuro devices and all radiation i-n6nitoring
equipment listed in this license application from the Radiation.Safety Officer.
In addition, he bas been taught to operate and supervise the two. 25 MEV betatrons
and a 250 LV x-ray machine. In my opinion, he.is.:competent to handle and
supervise all these devices. He has had approximately 2 years supervisory
and operating experience on low and medium voltage x-ray..machines at

Texas Instruments Corporation and Oklahoma Steel Castings. He has had a
total of 3 years experience in radiography.

•T. "•..- e son at'tencded SINDT classes in radiography in
Phladei~hia Pa. anca the Sperry school in Danbury, Connecticut on theory

and eecz"re. Since his employmnent at General Steel Industries, Tnc. in 1972,
he has been instructed in operation and theory of aildevipces, both. exposure
and rnnitoring, used in this application in addition to the tw0 z5 MEV betatrons

and a Z50KV x-ray machine.

Messrs.. Ferguson, Abbott, and Richter have access to all A.E.C.
reguiazions, amendments, General Steel Industries procedures, and all
educational documents at General Steel Industries, Inc. They are supervisors
over the N. D. T. (nondestructive testing) area and work-directly for the Radiation
Safety Officer and report.directly to the Radiation Safety Officer-.

We hope the above answers to your review of our application are
satisfactory and meet with your approval.

Sincerely,

Robert W. Ripley
Radiation Safety Officer

RWR:crr

Attachment
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Nwthe -auic3usQ is ao rx 11 that i t vmuld take 1C0ODDC -clei,

.by side, to spal thzý atomic diz.ce. =.i opae i or~~

only 7300 ou'Lzc; -- de by sidle would a p &- the 6 C, I ayt r Yr--

Inthe 3oLZ.r L17.Q: sun is far heaviar thaa all of -he L og-,t!ý,r,

~o in th ~ ~y~t~ th~ nuku~ is eavier by. far hnal2aobil

clectronsur &. i~ou all the atoms, elzeec.t hydrogen) thLe rwecut :utwel!a

Dy J thn 3X ,e ~ a3l its. orbital electrons together. The z~omi, h -

xoro, conaizltz C 1 of rkpacep. aL tiny incom~prehensibly deane nucleuo sux-

rouacked by ea1"-4o:auza t: relativelyý great dictances' from it.

~aly yc~i;en ~ Uejr C.. _liar Lb~t thaial 1  Ce ma ra

tL 1 tChe -nuc leus asfollows: 2.4 ;C l 0 rm p 4r (cze . ahL ha's

t~tLaGz,;i i i, Z UU as e picture: a oin-le cubic contimae-0r ('1/16 -cubic

of a uru04dl of thi densitCO5y, lc on a ~c~,truh ou iLwr

"a~ d~iocover that it weiGhs 240,O000 000 tons. This will fatig'ue

'e ;, orCQ 1,affiuan of -an atoca a d solar oyistou, wil n

LO %O14 ti2ý toetez la OZe ýi C jin- Oyýic he lnt

*~ ~ ~ ~ ~~ , 42..ilu oLteec ic , ~l'yz; Poritively charGed. Since oppoaiize electrical

*C 3SattZact, i"", W.rontmri .e Cpt L~j _hi rbt y the attractiV, lc

b 1. e,. zr.. in

,'rJ



Zar often• cz'n•ablc 04.,-, .. .
a . ,- . . C

is. actually auclear en:gy. Tn an z..... ... gy ........

use,, however, that it. has gained •i d acc ptance ev.l in, oc.cat i ..•.c. cire IC c,and so wa have the United St.ates A, C"! c cy c-•,,..,,ric r,,.,...••car •ias ol, .alch, is, zeail c n

cerned with the development of

U-atil recently the tota -wýr0L now--n cli~aia wzz I' to b

92, iwith hydrogen (R) the li-z, •d uani± (U) the aV-L. .Ow, Cver

100 elements hav. been identified.

All atoms. except ordinary hydrogen contain primarily three ele.moatry

particles; the neutron and proton which are in the nucleus, and the electron

revolving in orbit around the nucleus. Ordinary hydrogen docth't contain a
neutron. See Table .I for characteristics of these particles..

During the past two .decadea the Idea 'of an atom consisting of th-ce
primary particles exploded along with the atom itself, dozens of new particles

have been discovered, and particles such as the neutron are now thought to be

much more complicated. and complex than the old (20. years ago) theory of a nega-.

tiVO-and positiveeo crg. rHowever, Lor our purp.ose •m will continue- to use."

th. olW theory.

TABLE I

llama ,m1,bobo• I Electrical:CharSe I1%..

]Electron e Negative -_ 0.000548 mu *
Proton p PositiVe jl 1.007575 muNeutron . None 0 1.00893 mu

.... atomic ass unit (mu) is 1.6 X 10-24 g.asaa or

.000, O00,000,000.000,00000,00,6 grms

-4- . 6 ..:, .



orbi:aog"ng y 1'z-v•ce.ove .qu As C, .... • ....
ab.CZi• o"u'"' the.. nuc eUG V:.er. MZ-7. 

"'D: ... ... ... "l-,-. .....

solar° 3yo e. in ta . h~re iG c,- y o;e t•.;••- 2:. .,.,':' • ,•=.':h :.. :•e •.,::,

level it becckman full aad otherI lk.=x .2:y VQ-.r;£ J L•.' LO'°.d fCit .... 1.':,,' 0 04 3ro

aud this proceza Co ati' J L1ti11 wc hzve _"AL. `........"

t •rongly as thoze th4 lie in groups Y i c,_- L1 aO L. Q

outterost enrergy level posocau tho highesz energy , houe, iL h c-:x;•gy level

zeCaeat the nucleus the lowest.

The chemical rcactions of elomento are a rczu't o` the ,L,:!c4ron con-

figuration. For all except the Igh t elements, hydroCen and Ieelium, the outer-

most group of electrons require eight electrons. If thi goup conaina on'ly

one, two or three electrons, the atom is more likely to logo these, Wo sMcLN

o0h.e atom that attracts them more strongly. If the oute zxsot group containa

aix or seven electrons the tendency is to acquire. one or Lwa eleczzoas. If

like argon the outermost level contains 8 electrons it to chemically inert.

This is the basis for the formation of: "inic. compounda, coiz_'a table Galt

being a good example.
.r•a-her than givet up or attract electrons so•a a • r.ts with one oar
Ra he .h at 

..,.1 .L 
-t W.I U .118

two electrons w ll combine with an elemenut viz si:ix or a•c ,Va"d "4y will shara

one or two electrons, this is a covalent co=ound, Water Lo an ':az•le. So

-s we can sea orbital electr ons lget aroundav

The nuclei, by comparison, are dull and sluqgg.h, but whan aroused



Thcca cc inLatioma cad mu~bor of dlcati~aam vary with the el=~t

each elc~zzt Lao ito own c.0=1Mation. -In Ordor to ba aokctrically. neutr.A,.

an atcZA MU~t coatain the aa nw~bOr of. Qoitivaly chzeW;Id P1Ltic"Ira (qzotoaa)

in the A- Ic U io 0 a OL-ative particlos (Gc1troz) in Ito orxbiU. The. rem-va1I

o f n clcic~ 14c Zz the orbit. poducez ca ioa, P44TO noe fTG Olectroa. i a the

UOL7ativa Loa and tho ramainina portion of tba ati=* tho popitiva. ion. Or~ving

rNYd;Oz~ is Mot only the 1irghtept ael-ant, but its. ct&. is 'also! the.

simplealt. A. a shouu in Drawixng No. 1, it colasists of a nucleus with a. ciag1e

electron ravoa.via, around it.. The nucloup of the hydrog.n at0Lz1 18 one of the

fnds~antaIl pzxticloa of the atom, it is the proton we haev already mnentioned.

A ctuy o'& Drawing.Wo. 1 reveaia that wa have two more hydrozen atoms

called, douteriuz. and trititsm, I&OGG nuclai do contain neutrons. The nucleus of

deuteri=, ccilled heavy hydrosen (dauteriuna =d tritium in higher than natural

concantwations in w~atr 0~2O) im2artG thO M~I= heavy water, prinarily because,

it makes the Watez hoavacr than natural water) has tho' cc=~ charge as the nucleus

of the hydzo-z Qtcz, but evica ito Maca. 10his iLa Oulaind on the sat;-mption

that thero cxiftot 01a the dutýZLI=. nuclouQ, cziathaw pazrticla haviu the =asa of

the proton, htiu uO charfr1o. T~zI i particle la callcd tl~ nutroa. The deuteiium

PoltvaCL re ca t S2, niclus0 aia2 thý z L 0 ox )Lta1 clectrons i

th a =a o~ hy4:c.n a-ad aria t'44reore. izaopca. LBoth are hydro'on. isocopco;:

'Ws do L.'t O.ny Qaa JQ QL =Waal Z27 cnr P_ c aýa the other is a hydrogcza z ;I a.p

T"Az, Qtzc= "L-L "V" th'a saa Q t- "ACQ (UtMBOT of orbital aelctraonc, but16

tr. quniy VýI

Ur Lz I



~aad Uwic' nuoeom WW ~LthCU CUn3 orbital alott~rom. T .tz:zz Gx ii

is thuz thme zti=~ Iat of the 14 ir ci.zb

~~ 7~~Vamo Oo~ M-Z~urally QccuirxlZ u c cI ý~

the uranium .~Z I of C COZ) ok~~ f a..~ le~

oz nu~clei v:.--"n, mzýuk Q cc t ;cj 'V0 Wl ±Z3 -- oui

c of GUr diLUOO C ot-rc ctu-Co will be aiz. 1i.-

- iia rmý:L ez 0 ontb 'Z o of an t

Zlaiz um-c 1,QUii an Ascc~ =i C-- ~z 21,,1;11 al 0~ 1f zDowum havc. a

A- cf CL ; pro on ata r.uiagIn the .nclcuz

au. atcz 110 z Kýy 'U 0f thac 12Q of 4a at im coaziaod. In tar nuclýý.u.

iauu!)C ofi~ 10 02n tho auclaoii of an at

Lz Lý "4 1z&i boZicvad to C o ~~ofapon of 27 rs and

~ ~ V~ c~~ c L~A Q ~total 0f

5ý-$27 ow*~

1Lj.CC *:1:. Zi 44c h-, -z .ý
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57Co60of the 7Co59 1i 1 59~' 2 Co 0 W noow have arn isotroy of Cobal.

that is unG=tblo and thus radioactive. When an aton. of 2 7CO6 d!vwa it be-

63 60c"05s 28NI in the following fashion. -The 2 7 Co iLa now in a highly strea~Cd

and agitated atate, in its effort to become atzble it emits a Beta particl;

(electron fxcM the nucleus). zlcctrona exiot in the auclue aQ ?; art of the

neutron'3, the;ralorz When one is eCpelled. the neutron thn 1 c6 C a aa one

charged particle or a proton. Thi•s toz no. has one new proton pluo its normal

.:27, a total of 23. The only element with 28 protons in its nucleus is nickel,

the atom is now a nickel ion, it soonpicks up an electron in its outer shell

mand bec-e- 2.ei3 a stable isotope of Ni. Ga-'a rays are also emitted during

this tranfor4 ,ion, but they have no maso or atomic number. They are a re-

sult of the reorganization of the newly formed Ni nucleus. Thus it may not be

incorrect to say that the cobalt decaya to nickel through the medium of beta

emission and the resultant nickel atom emita the gca* radiation during its

first few accor-da of life. DrawinS No. 2.

Vaii apparent mobility of the electrons. may Geea difficult to under-

cand, c•o letlo Lsa if wo can't 4zplain It by an analocy.

U1zto" cian be we~oved froui atz by wevoral Laýlaa 21uch as heatin.ý

t. A. O. "C' i± aosCtiveiy 'a 't a t 1:4

,2ý 5 4"aa CZ -tý:o klec~raow tho'~ tai the fl1aauz- zare rubbed 04ý

iZ z ~ y ~ ~ ~ a~ ~£nnel Vih

&fcip ositivcly electrified. U-der tlhea conditions an

"ic:: f laanz I Qzth t he wax and if per-

d. to CCC;N2' Laa t, ZLQICaý Vll bu 1 0tributiom of electrons b

.41 j h



atc~o in this fachion does not fumir.sutally alter the nature of the atomz.

Of the total nu•-ex of atoms in any aubstaanc, the nuxer that can be removed

in this way or in any other way, is extreo~ly small.

'If a very large number of electrons were so rceoved, the electron

potential batr,=a the two subatances Would be co great hat Zan electrical

di-charge (apark) would take place to bring about neutralization. This is what,

takea place in r thunderstorn. It iL thua an electrical force of attraction

that moves the electrona. This inga( of a miniature solar system composed

. ..outly of empty apace, with electrona and other particles shooting hither and

yon like comaet through the sky will be very helpful in understanding radiation

and its interaction with matter. And now before.our now potential is sparked

we oiaall proceed to the three forms of radiation emitted fromadioactive* iso-

:topes. Wo shall explore Alpha and Beta briefly and because we will use gan.a

radiation we will cover it more extensively.

RadiQtion e•inating from eithor naturally occurrinS or artifically.

produced radioactive inotopes fall into two categories, particle and electro-

• magnetic. Alpha and Beta ara particulata,. Sama is electromagnetic.

Alpha particles are positively charged and consist of two protons

aad two neutrons. It is the helium nucluz, relatively heavy, about 7000

tLzes the nassa of a beta particla, and travels wi th an average speed,1/10 -that

of I"Ih t They are clightly deflected by a uýaznetic fileldaad in a direction

Io a zadioactiva nuclei cmitQ aa alpha particle Its nuclear chzrrre,

Qto atýic =4Lý-ax iQ roducedVy two unito =ad tho.mas by four unite. Alpha

. 4Q. .=onIC t,,Maction with Tadioactivo tranofor~atiun is limited

aLt zcluc;ivety to a I t a~ of high atciic nu-xber. Alpha particles are

t~t4ýd inA -ýpj V1th all PQX'c1 haviT t oa s4 ± .aI o: The:

~ ta~ t~ ~rtc~s pa rticuLaý: troup trzvol bcýozo loaing



sufficient kinetic energy that they no longer produce ionization is.approxl-

mately the same. They are monoenergetic. As they move through a wedium the

loss of energy due to ionization occurs in small steps, each step representing

the result of interaction with atoms of the medium.

If the alpha particle should happen to make a direct hit with the

nucleus of one of the atoms, the nucleus may be disrupted producing artificial

disintegration. Only a very few of uuch collisions actually occur.

.The alpha particle may also be thought of as a&double positivd charged

ion. When thc'r velocities have been reduced greatly, they recapture their two

orbital electrons and are converted to helium atoms.

The term "specific ionization" ia applied to the number of ion pairs

per cen timeter produced by an alpha particle. Measurements reveal that this

value variev with the velocity of the alpha particle and is in general higher

for the lower velocities.

"Stopping power" is defined as the reduction in the emergent range

produced when a beau of alpha particles traversesa layer of material. A

aheet of mica thickness 1 g/c will reduce the emergent range of alpha

particles incident on it by approximately 1 cm in air and, therefore, has a

zzopping power for alpha particles of I cm. This power varies somewhat with

4ho velocity of the alpha particle, the actual variation being of a greater

, nitude for cubutances of high atomic weight.

The caje witch alpha particýi may be stopped can actually be

termed a drawback. If an alpha emitter is unknowingly spilled on a table top,

and a coat of paint is applied* the paint will not allow the radiation to be

dctected. Later as t'he paint flazcs and falla off, it may have the alpha emit-

ter imbedcd in Ch• undarside. It could thus be dangeroua and exist for an

C_.iCnsive pcriad of time before detection.

- 9-



The most serious hazard in connection with substances emitting alpha

radiation arises when these substances are taken into the body. When these

substances are ingested or are otherwise assimilated into the body and are then

localized by biological actions into particular tissues, these tissues are ex-

posed at close range to the powerful borbardeant of thi3 densely. ionizing

radiation. If tho alpha emitter does not also emit a==a radiat on, there is

no method of detecting its presence until its too late, unless its: a material

that is rapidly eliiknated from the body by natural action.

Beta particles are negative charged electrons emitted by the nucleus

of an atom and resulting in a nucleus with an increase of one unit of charge;

the atomic number is increased one unit, and the masa number of the atom remains

unchanged. In a magnetic field they are deflected to a greater degree than

alpha particles. Beta radiation is not as easily stopped as alpha, are not

monoenergetic, and at high energy levels travel with the speed of light. At

lower energ!y levels the velocity is only about 207 that of light. At the same

energy levQl they will do less damage than alpha. These beta. particles form a

continuous spect;a, of energy.levels, and their quoted energy in MV's is usually

the maximum of thia spectrum; the average is usually about 1/3 of the'maximum.

Anelectro.n and a beta particle are identical except by definition.

The term "beta zay" or "beta particle" refers only to the electrons ejected,

froza the nucleua of an atom. Although these electrons are not considered at

preaent to be con~tituenta of the nucleus a separate entities, they are formed

%'Ahen the nucleus undergoes radioactive disintegration. Therefore, they are to%

h- diatinguid fo overon clectrons" which are also emitted by various

radioactive uubatances but which are orbital electrons of the outer atomic

attucture that hava been ejected by nuclear gamma rays. Thu properties of these

t.;o forma of riation are identical for the Gase velocities of the particlea.•

ieoevar,. sinca g>=a rays are the result of rnuclear tranmitions from one l.ovel I

A O-
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to another, they are emitted with sharply defined energiej, and t;ia accouiný

for the converaion electrons.emitted in sharply define groups requlting i" i

beta ray line spectra rather.than a continuous spectra.

Gr=a radiation is of the type called clectro-'agnetic radiation and

cove=r a ranc of phnonmena from radio waves through light rayz to and --aa

rays. This radiation is not associated with matter but represents the propa-

gation of nerzy thzough space at tha rate of 186,000 miles per second. In

contrast to rechanical waves such as sound waves which travel through a material

-medium such as air or water,:electromagnetic .waves travel through empty space.

Since it ia difficult to visualize a wave as traveling without a medium., a

hyo"hetical-medium called the ether has been assumed. Regardless of the

validity of this asuwapition, the "Wave" explanationcf electromagnetic radiation

is useful in explaining known phenomena and in predicting others.

In coamon with all wave propagation there is a "wave length" which

is the distance from crest to crest or trough to trough, or to be more exact,

the distance between two points in the medium which are under similar distor-

tion by the wave. There is also a "velocity"s of propagation through the medium

aad a "frequency" with which the waves pass any point in the medium. These

quantities are related thus: velocity u frequency x wave length.

Electrosiagnetic radiation may also be explained aa the transmisl•sa

of bundles of energy called phozonz. This word iG not to be confused with ;he

Io"d proton, they are not the sazri creature. Certain pheno~na connected with

elactromagnetic radiation can be explained more readily on the basis of bundles

of energy or photons. Aie two viewpoints have been wall correl"ted and each

"'da to serve its specific purpose.

Th clzctromagnetic spectrum refera Lo a liraziw of tha various wave

lob ns of dcc agnctIc radiation. Draing •4o. 3.

- 12 -



It can be scparated into general divisions dependinS on the wave
length and on the way the radiation interacts with matter;) These divisiona-

..overlap to a certain extent and the boundaries of the diviaions are not sharp.
The wave lengths on the chart are expressed in angstrom units, each angstrom
unit is equal to i0-° centimeters or .000,000,01 centimeters (cm).

Gamza rays are identical in, nature with x-rAya of the same wave
length., They differ in the manner in which they are produced. GoGama radiation.
originates in the nucleus of an atom, it doesn't signifi.antly change the mass
of the atom, or its number. It is usually thought of as the result of the re-
organization o0 the newly formed nucleus, or at the instant of fission of a
nucleus. The energy of the gaia radiation from an isotopeis characteristicof that elemint and doesn't change. in Co60 for instance there are two gasma

•hane In Co 
•0

rays, 1.17 and 1.33 M.E.V. This is always the energy, of gamma radiation from
Cobalt 60.

• A-rayi aie produced whenever fast moving electrons are stopped by
astter. They are produced by "bremostrahlung" effect on the transition of

electrons from oac orbital energy state to one of a lower energy stdte.

By niT e should know about the origin of the three forms of radia-
tion and some oA their properties. The question arises,. "What happens when
this radiation passes through matter?" We know that a heavy sheet of paper
a z o.. alpha parzicles completely, a couple hundred sheets will stop beta, but L
zczsýa radiatw!o is never cor1pietely absorbed.

Very briefly alpha radiation ionizes matter giving up energy in small
GtPSp•, loses zpccd, finally picka up two electrons, and is thus converted.into I
the element helitu,.

.eoa ridiation also inteaacts by ionization but at a lower rate, and
lby..u tsrahlung• effect. Absorption is al~est exponential, but et very slow

- 12 -



speeds the absorption curve drops to zero. Interactionis much more complicated

than.alpha due in part to the greater range of energy levels. In any event,

both alpha and beta radiation are thus completely absorbed and fully stopped

by matter.

Gamma radiation behaves in a different manner. A single photon passes

unaltered by numerous atoms until by chance it interacts with an atom and trans-

fers part or all of its energy to a part of it, usually an electron. The

primary beam or ray of radiation is, therefore, not gradually absorbed as

charged particles are, but rather it is gradually attenuated or decreased in

intensity as photons disappear from it. Complete attenuation is never attained

for gamma radiation.

Because gamma radiation is the typo we are most concerned with, we

shall investigate it a little more extensively.

When low frequency gimna rays pass through the heavier elements the

predominate process is the ejection of photo electrons (similar to alpha and

beta ionization). For the higher frequencies and lighter elements the Compton

Zffect occurs.

For the exceedingly high frequencies (very short wave length) electron

pair production results.

In the photo electron or ionization effect, a photon of gamma radia-

tioa ejects an electron from an atom. The photon is absorbed, and ceases. tO

exiat, part of its energy is conaumed in the ejection process, the remainder

i~parts kinetic energy.to the photo electron (negative ion). The remainder

oJ the atom (miua one electron) is no longer electrically neutral, it carries

a positive charge and is thus a positive ion. The two, positivo and negative
aio•, may be called an ion pair, but do not confuse them with pair production

hiich is another quite different reoult of g aradiation interaction with

- 13 -
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The Cctpton Effect was discovered by Arthur H.:Comcpon of Washington

University in St. Louis. It is the principle means by which x-;:y (that is

high frequency light waves on the order of 1 M.E.V.) lose their energy. :n

this interaction garama or x radiation approaches a free electron (one that. ,z;

" not bound to an atom) or an electron that is loosely held by its atom. As the

photon approaches the electron it impartw some of its enerGy to the electron

and deflects it. This electron is called a "recoil electrons, the photon of

S gnm"g a or x radiation then proceeds in a changed direction with reduced energy,,,

ýand increased wave length. It may suffer several- cllislons of this kind be-

fore it finally escapes from the matter it is.passing through, or suffer a

collision of the photo electric type and disappear.

tBecause he photon changes direction with each Compton type colli-

sion, it may eventually reach the surface of the matter:and be traveling in

the opposite direction to that whenit entered and thus be scattered backwards. "

'The recoil electron may collide with atoms ejecting other electrons.

If the electrons happen to be r-moved from the: inner orbits of the atoms, "I

upon returning to no•mal, the energy is radiated as characteristic x-rays.

The third type of interaction between electromagnetic radiation and

.matter is called pair productior. Pair production and .i.ts ac-ýcc-..iiance an-:

nihilation radiation is the most.recently discovered and most -o;:plex of all.

it cannot occur in empty space, but requires matter, it usually occurs in

th1l: necighborhood of 4 nucleus. The highest naergy photons formed in cosmicj

' ay lose their cacrgy'.almost dompletely by this process. As the high energy

photon approachs tbhe nucleus i imparts enough energy (it ceaseP to exist

in the process) to a "negative encrgy: stato" electron and to raise it to a.

po.itive energy izato (but still a negative charge) in .he proccoa a positive

, cnrzg d clectcto (%asitron) is forwed. Thi ia called pair pro-uction, positron

- 14 - '



and electron. The pooition cannot exist for more than a milliontkh or so of

a second, it meets an electron almost instantly and the two are annihilated.

In annihilation an amount equal-to two electron mass•a disappears

and when mass disappears some form of energy must appear. This energy appears
a• gczmna radiatiLa ...

- 15 -



DT0CT~CPH.Y OTS C~"D ATA

vW-~I k'.0

0itn"Ut:
-laJ-LLL~

(1-lictallic)

71nga in Steel:
Source Sizea:

1. 7 1 33 mev
-.4,400 r/hr/curie at 1 foot
5.2 yYears
3/4" 3.2"
1 nTm x l.ri- 0.3 curies
1/16" i/16"- 2.5 cur-ies
1/3" x .1/8"1 15 curies
•2" x .2' - 60 duries
1 cm x 2.5 cm.- 1800 curies

ii,1D.TJfl•. 199: (Metallic)

Energy.

Output:
Ha1;f Life:
P'ange in Steel:
Source Size:

300 Kev - 627; 479 NEV- 29%
600 K0.V - 9%; 375 KLV - Average
.5950 mr/h-r/curie at 1 foot
74 clays
1/4". - 3"
I •im x 1 nrhar - 3 curies
1/16" x 1./16" - 12 curies:
1/3", x 1/8'" . 100 curies

C-zS.XUM 137 (Soluble Pow'der)

1½~r' -in Steel:
-Sot:c.a Size:

• 70 Ia' •./.2curie: at 1. foot-a o o" t

1/2" -
1i/C" - 1.45 curies

( r 1-

fLife:

joux~Size;

P~cm~c~'lug ~.P~yto 500 racy
27 .a/iCulwie at 1 fLooL
12 7 d~ayS

-~1/4"

2 ~'vx 2-n. 30 ci-ri:L('l;3 '1 200 C-dArics

w



N~lowthat iJ know 3 .e.hi. "bout t'e bazc nature ra

tion, we will A "h they a:e utilized in indisuatria iogr lThy°

The y of ga•'mya -rays exwitted by an isotope i• an indication or

its penetrating po•;er and is measured in M.E.V. Penetratin6 powe= is import ant.

to the radiographer because it establishea, limitations .overnii•g the thickness

of metal which can be successfully radiographed. As the c-ergy or M.E.V. level

601of radiation ineaseu so does thepenetrating power. C6 with a high energy
., . .. I 192

can penetrate ýzuch greaser steel thickness than the lower energy of Ir for

instance. The C'.' with the higher energy will also give a shorter exposure

time thani .on, the same thickness of ateel.

The ... ray energy also effects the quality of radiographs in that

it influences Lthe overall contrast. An. increase in the energy of radiation,

causes an associated decrease in radiographic contrast. If two exposures are

made of the sa. e objct one with low energy (1r 19 2 ) and high energy (Co60 ),

there would be an appirenrt and relative lack of contrast in the film exposed

60with Co

Since the gamira:a ray energies of radioisotooes differ from one another

and since energy directly influences both exposure time and overall contrast,

no one isotope can be used universally to cope with all. radiographic situations.

it should be well understood that this variation of contrast is a matter o? the

interaction bett.Ceen Lhe radiation and the waterial being, radiographed. The

a option of ra6naticn, and thus Lthe ability to distinguibh density or thk-

neas differences gradualiy decreases for all. materials as thc energy of .ad;...

tion increases. Contraa-t is alao a 2roperty of a film :emul-aion. It doesn.t

vasny from one fiil to another, but from one type to another. Uau~aly as the

opced of a film decreases the contrat will increase. Thus IMi w•hich is slower

tn "hakI will al;o have more contrast inherent in the emulsion for any given
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energy level. Contrast is defined as the difference in density produced on a

radiographic film by a.given charge in specimen thickness. It will be obvious

that the greater the difference in density between the image of the flaw and

the sound material in a radiograph the easier it will be to detect the flaw.

In other words overall contrast is the product, of film contrast which remains

.. essentially the z~ae for a given emulsion at all radiation energies, and sub-.

ject contrast which decreases as radiation energies increase.,

As we have seen, radlation is measured in R.H.M., Roentgens per hour

..at one meter.. It is a measure of the amount.of radiation emitted and no't of

the kind of radiation. For example, at the time a new one curie source of

Co6  is first put into use it emits approximately 1.3 roentgens per hour at

one meter. This radiation has an energy of 1.2 M.E.V.. At the end of :one half

life period (5.3 year) the energy will remain at 1.2•M.E.V. but the R.H.M.

value would have decreased to .675 or one half of the initial intensity. At

the end of another half life-the energy would-still be 1.2, but the R.H.M.-

value would have decreased to .3375, which is approximately the same as the

R.H.M...value for 1 curie of cesium 137. Consequently, it.is possible to have

two isotopes yielding the same amount of radiation but not of the same energy.:

The energy of cesium is .66 M...V. To draw an analogy, if the radiation from

an isotope in likened to sound, the M..E.V. value corresponds to pitch or tone

while the R.H.M. value corresponds to loudneas, Intensities can be changed,

.while energies remain the same. To the radiographer this means that even though

an isotope has reached the end of.its half life, it can be expected toproduce

Aactory radiograhs if exposure time is increased to compenaate for.the

loss in intensity. This is true until exposure time becomes so long that defi-

nition and contraat ia.lowered through back scatzer.

A compariaon of two radiographs, oan exposed by garaaa zzdiation i ý';
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Cobalt 60 and t2e ' by X radiation in thie range from 100 to 400 i.V. would

reveal the moat obvious difference to be in overall contrýat for reasons prc-

viouzly explained. This effect can be termed a. lack of overall contrast an4

can be considered highly detrimental by the radiographer interpreting filhs ex-

pozed through castings of uniform thickness throughout. On the other hand,

this same effect can be termed a gain in latitude and consequently an advantage

to be exploited by the radiographer when figuring exposures of multi-thickness

castings. Latitude is similar to contrast in that itis also a characteristic

of a film emuiion. The latitude of a film is closely allied with contrast.

it is the density ra.ngc of a particular film that is useful in making a radio-

graph. It is not important when radiographing specimens of uniform thickness,

but it is a very imortant consideration in multi-thickness speciaens.

Coimon definition of various words are not accepted by the A. E. C.

They are modified or elaborated upon to conform to-the more specific requirements
of the A. E. C. Therefore, they were not included in the glossary of te-ms, and

require more consideration than a mere definition.

A "Radiographer" is any individual who performs or who, in attendance

at the site where the sealed source or sources are being used, personally super-

vices radiographic operations and who is responsible to the licensee for as-

suring compliance with the requirements of the regulations of this part (Title

10 Part 30) and t.e conditions of t•e license.

A "Radiographers Assistant" is any individual who, under the personal

supervision of a radiographer uses radiographic exposure devices, sealed sources

or related handling tools, or survey instruments in radiography.

"Occupational dose" includes exposure of an individual to radiation

in r restricted area or in the course of employment in-which the individuals

duties involve exposure to radiations; provided, that "occupational dose" shall
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Cobalt 60 aad tha oth&: by X radiation in the range fromz 100 to 400 K.V. ..-,uld

reveal the mozt o6vious difference to be in overall con"tras for :C.eons prrz-

vioubly ezplai:•d. This effect can be termed a lack of overall ccntras- zaci

caa be considered highly detrimental by the radiogra-pher i•terpretingfihlas ex-

pozed through catirngs of uniform thicknes3 throughout. On the other hand,.

this same effect can be termed a gain in latitude and consequently an advantage

.tobe exploited by the radiographerwhen figuring exposures of. multi-thickness

castings. Latitude is similar to contrast in that itis also a characteristic

of a film emu!i'ior.. The latitude of a fila ia closely allied with contrast.

it is the density range of a particular film that is useful in making a radio-

graph. It is not important when.radiographing specimens of uniform thickneas,

but it is a very important consideration in multi-thicknes3 specimens.

Comnon definition of various words are not accepted by the A. E. C.

They are modified or elaborated upon to conform to.the more specific requirements

oi•the A. L. C. Thereforc,.they were not included in the glossary of te•m•,, and

require more consideration than a mere definition.

A "Radiographer" is.any individual who performs or who, in attendance

&C the site where sealed source or sources are being used, personally super-

visec radiographic operations and who is responsible to the licensee for as-

suring compliaace w;it the requirem en.ts of the regulations of. this part (Title

10 Part 30) aand the conditions of the license.

A "Radiographers Assistant" is any individual who, under the personal

supervision of a radiographer uses radiographic exposure devices, sealed sources

or related handling tools, or survey instruments in radiography..

•"Occupational dose"l iniludes exposure of an individual to radiaition.
in "'restricted area or in the course of employment inwhich the individuals

duties involve eposure to radi4tion.s; provided, that "occupational dose" hall.
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notbe deemed to include any exposure of an individual to radiation for thi

.. purpose of medical diagnosis or medical therapy of such individual. Therefo-ce,

remove your film badge for any medical x-rays you may have during the course

of: your work day.

."Radiation" itself means any or all of the following: alpha, beZa,.

gan..M. , x, neutrons, high speed electrons., high speed protons and other atomic

particles; but not sound, or radio waves or visible, infrared or ultraviolet

• light.

"Resta-icted area" is an area within which, if an-individual were con-

tinuously present in the area, he could receive:a dose in excess of two millinems

in any one hour or an area within which, if continuously present the individual

could receive a dose in excess.of 100 millinems in any seven consecutive days.

A "Radiation area" means any area. accessible to persornnel, in whichý

•there exists radiation originating in: whole or in part within licensed material

at such levels that a major portion of the body could receive in any one.hour,

a dose in excess of 5 millinems or in any 5 consecutive days a dose in excess

of 100 millinezs.

A "'~i,ýk' Radiation Area" means any 'area accessible to personnel in

which there e:Uta radiation originating in whole or in part within licensed

material at such leveis that a major portion of the body.could receive in any

one hour a doce in ces of 100 millinemc.

U•.•• the radiation and high radiation area, A. E. C. approved ailoi

mus•t be posted. Anyone working in these areas and or in a restricted area mua

have access to A. E.. C.73 which is posted',in the betatron building and.Co

radiogýraphy enclosure, and laboratory office. They must also have access to

a copy of the A. 2. C. License, regulations znd operating procedures, all of

-Vhizh are in the I.rco a0ory office, or in Ltaton u -- ad Co60 011'6

74hy eac~e•e kur. Ili of these arcaaarc u.z Ciho co; 4trol o. i lic...c. .O.
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Before we discuss the hazards to health from ionizing radiation it

must be noted that for all our scientific advances there is some divergence of

opinions regarding tolerance levels and biological effects. Due to the diffi-

culties of extrapolating radiation effect data from flies and zmall animals to

effect on man and to man's longevity some of the information we have is based

on theory and opinions. Therefore, therewill be some basis for argument. When

better biological data are available it is to be anticipated that the question

of tolerances will be answered more authoritatively. In the meantime all of

us should exercioc all reasonable care to maintain exposure as far below the

currently acceptable levels as possible.

It is well known that whole body radiation absorbed in the body pro- .

•duces undesirable effects whenever thelabsorbed energy exceeds certain amounts

to which the body has become accustomed in its natural environment, due to

background radiation. Investigation has shown that injuriea to living cells

are in general proportional to the ionization produced in their structure.

However, injuries vary for different types of ionization, the intense local

ionization produced by alpha particles and protons being more damaging than

the less densely localized ions produced by gsrm rays.

'It is the lethal effect of ionization on individual cells that plays

the dominant role in the radiation injuries in the body. If one 'plots a dose

ciffect. graph for various tissues subjected. to radiation, there are, in gaeeral

t•o forms which the graph may take.

Curve A illustrates the nonthreahold case where, as the dose is in-

creased there ia a linear increase in the -flect. There, is no initial threshold

of dose which uust be exceeded before an effect is obtained. To refpgnize a
nonthreahold eOfect, it must be readily observable or Measurable after e:poaure

to lillz"al =Ouata of radiation. An ex=,1e would be whole body exposure zaai
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Curve B illustrates a threshold effect. Here the effcct is not meas-

urable, at leaat by present methods, until a certain threshold of dose iz

exceeded. Threshold effects are not linear with doue but azuzi some form of

S curve. The effect of radiation upon the skin and the blood Zor.nng organs

are examples. Until the dose reaches or surpazse' the threshold, the first

sian of skin effect, (erythema or abnormal redness of the ckin due to capillary

congestion) are not seen. The effect upon the blood forming organs is also an

example of the threshold effect.

• I B

I A

I(

DOSE.

The reversibility of radiation effects is also an important aspect

in ocdupational expoaure. By reversibility is meanst the return of a tissue to

its previously normal state after exposure is discontinued. The reversibility

of any specific effect is dependent upon the reparative or regenerative proper-

ties of the tissue. Some tissues such as skin, the bone marrow (which contains

the blood forming elements), membranous lining of the body cavities or glands.

and po.ipheral nerves are endowed with a special type of repair mechanism.

Other tLauea such as the brain and leio of the eyes have no rapair mechaniim.
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In them, repair is by the formation of a scar, which does not take over the

function of the original tissue which it replaces. The effects in such cases

are.said to be irreversible.. In order for an effect to be reversible it must

not, of course, produce injury beyond the limits of the normal capacity for

regeneration. If it does the effect is permanent and may lead to complete

destruction of the tissue..

Both the total-dose, and the total time over which it is given, may,

effect the ability of the regenerative processes to function. If the total.

dose is excesaive, irrespective of the time over which it is administered, re-

generation and repair may be impossible. On the other hand, a total ,dose which

will produce reversible effects if given at a rate slow enough to permit regen-

eration may inatead result in irreversible damage to the tissue if given over

a shorter period.

The effects of radiation on the human skin gave the first indication

of any biologic effect of x-rays and gamma rays. Becquerel, who carried a tube

of radium in his veat pocket for demonstration purposes developed a reaction

of the underlying skin. X-ray dermatitis was in evidence within a few months

after the discovery of x-rays.

The greatest number of radiation injuries have been those to the akin

both in x-ray and radium workers. Following the early wave of danage to the

s1ýin which cme in the first .15 years of x-ray and radium cxer-ieCeL there

were more precautions taken to prevent akin damage. The characteristic effect

of large doses of garaa radiation upon the skin is the production of a skin

erythema. In thij respect they are comparable to ultraviolet radiation except

that the latent period between exposure and erythema is delayed for several

weeka, depending upon the dose. There is a variation oA the dose effect ratio

to produce erythzr'a with rays of varying quality, in the direction of a larger
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dose for shorter wave length.- Asthe length of time over which the radiation

is administered is increased, the dose required to produce erythema becomes

-larger. The erythema is the result of a dilation of the fine capillaries and

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

the erythema produced by the ultraviolet ray, such as found in sunshine (suntan

and sunburn).

The skin is composed of essentially two layers of tissue, the epi-

dermis which consists of the epithelial cells forming the protective covering

of the body and the dermis lying beneath, which consists of the supporting

connective tissue for the epidermis, and carries the nutrient vessels,.acces-

sory organs and nerve supply. The thickness.of the.epidermis varies over the
body but, in general, ranges from .07 to .2mm..Onthe palman ..surface of the

hands and fingers it averages .8 mm and on the soles of the feet 1.4 mm. On

the remainder of the body it is considerably thinner, but even a thickness of

.1 mm would give protection against alpha and very low energy beta radiation.

As cells are lost from this outer layer by normal wear and tear, the underlying

growing layer of the epidermis continues to furnish a new supply. We must re-

member the body is not static, every day cells in the skin, blood, bone and etc.

are dying and being replaced by newly manufactured cells. Very low amounts of

radiation merely accelerate this replenishment to a small degree. Some radia-

tion physicians are even advocating a theory of increased longevity due to this.

increased rate of replenishment. However, this remains to be proved.

Beta particles of the average energy associated with out type of work

will penetrate well below the skin, and hence there is real potentiality for

injury if due caution is-not exerciied. The dose required to produce erythema.

iL ielaCively high. AG the time over which tho dose is administered is leng3th-

e-ad to one or L:zre years a considerable hilhe, total ezcpoaure can be tolerated.

- 23 -



More oerlr:. overexposure signs are a loss of hair; cracking, brit-

tieness, and a loom 'of normal sensitivity .of the skin. This is followed, by

:ulcerations., slow Itealing of minor cutsa and abrasions, and cancerous growths.

The reproductive-organs may sustain damage either to the germ plasm

or. to the cello which carry the germ plasm, ova or sperm. The most sensitive

cl ements in the reproductive organs are the parentcalls which eventually give

ri.•e the mature ova or sperm. Other cellular elements in the reproductive

organs which are concer•ned, with internal secretion and control the desire for

and ibility:to conouuu~ate the sexual act are relatively resistant to radiation.

To. obtain a pok-,•ant sterilization of the female ovary requires 400 -600

roontgana delivered within the ovary. Sterilization in the man is produced by

•800 1 i000r in the testes. There is a threahold of dose. which must be exceeded.

before any-effect upon fertility becomes manifest. This possibility of damage

to the reproductivo organs is the most discussed and probably the most feared

hazard in the minda of most nonmedical personnel who work with radiation. The

actual incidence of reduced fertility following occupational exposure is not

accurately kno0,;, but it is not great in comparison with damage to the skin for

instance. If the 450 r is accepted for the 50% lethal dose for man and 800 -

1000 r for sterilization, probably even Freud wouldn't worry about it.

Radiation induced mutationa have been found to have characteristics

•Ch bear on the pctiecl consideration of radiogenetic chcnges possibly

a:sociated with Occupational exposure. The most important of Lhese is that

there is a. linCvnr relationship between dose and increase in mutation rate.

Thl'd ic Is o LhrC-'hold effect, the cumulation of exposure is additive. Furcher-

.. the oaitude Of the effect is independent of the wave length and do~age

,uf:•4tiona, x:%th•r apsontaneous or preduced by radiation, are about
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90% lethal or sublethal. This means that the offspring does not survive the

gestation period, or dies shortly thereafter. The lethal mutations are either

dominant or recessive. (This has become of paramount concern to the A.E.C.

because the increased number of people both male and female working with radia-

tion increases this probability.) By dominant is meant that, for the exposed

parent organizsa, the lethal effect. appears in some of the direct offspring.

By recessive ia meant that the effect might appear only in some succeeding

generation of the radiated subject. In man it would appear in the near de-

acendanco only ahould cousins or near relatives intermarry. It has been cal-

culated from the law of genetics that some 5000 years would be required for a

mutated gene to meet another mutated gene descended from the original mutation.

The danger today lies in the greatly increased number of people working with

rad ation. T'he probability of mutated genes meeting is thus somewhat increased.

Succeeding generations may bring some abnormalities to light. As yet there is

no convincing evidence to indicate that the present generations of radiation

workers have produced offspring which differ from those of the general popu-

lation. This fat becomes more important if we remember that the Manhattan

2roject Started 21 years ago and every year increases our knowledge.

Enough radiation will kill any organism. An overwhelming dose kills

instantly, a za"Qler, but still lethal, dose causes death within'hours, days

or-. k gaisms vary widely in their sensitivity to radiation, much more

wid-ýýy than their respective individual cells. In general the more complex

the organism, the wore vulnerable it is. It takes about 20,000 rem to kill a

Sniail, a fcew thousand to kill a lizard and a few hundred to kill most manmmals.

urhermore, individuals of the same species react differently.

1e!CZuZ! of , variation we frequently use as a measure the dose that is

lethal to 50;h of the individuals exposed, abbreviating it as L.D.-50 (chart).
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L.D.-50 figures refer to a single exposure of radiation delivered

to the whole body. Much higher doses are tolerated when only a part of the

body is exposed. Here the effect will depend on the amount and kind of tissue

that is subjected to the radiation, its yulnerability to radiation and its

function in the body. A man could absorb a large dose in his hands with

virtually no effect on his body as a whole; however, an equal dose to the

.abdomen could have serious consequences. Moreover, the rate at which radia-

tion is received has a great deal to do with its effect. A much larger

quantity can be tolerated if it is divided into small fractions and delivered

at intervals. By dividing and spreading the dose, radio-therapists can treat

cancae-rous tissue with thousands of rods without excessive damage to the patient.

What happens to the body of an animal when it receives a dose of

radiation in or near the lethal range? The most critically sensitive tissues

are the lining of the intestine and the bone marrow and lymphoid tissues that

fanufacture blood cells. If the dose is big enough the injury is irreversible

and death follows in a few days. At smaller but still lethal doses the situa-

tion corrects ituelf somewhat and the mostserious problem becomes the loss of

blood 1aufactarivng tissue. Death is now delayed for several weeks.' It may

be duo directly to anemi&, or to infection following the destruction of white

blood cello.

Acc=;.:.anyizng these specific effects whether or not they are severe

Cnough to be fial, is a generalized reactionc"lled the radiation syndrome.

its first manifestation is radiation sickness, characterized by nausea and

voriting, usually together with a profound lassitude. Subsequently, the

peLient way blecd from the gums ortnose, and after 10 daya or so may lose

s hair. The initial sickness does not necessarily depend on damage to

•:Qeififc oea I. .t follows whenever too much tissue receives too big a dose.
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The whole clinical picture suggests a general intoxication.

Is there any treatment for these acute reactions to exposure? So

far as the radiation syndrome is concerned we cannothope to find a specific

treatment until we have a clearer picture of its cause. At the present time,

we have many loose ends. Most of the knowledge we do have is based on studies

of lower animals ouch as mice and fruit flies, together with fragmentary re-

sults of the early radiation workers and the survivors of Hiroshima and

iagasaka. But man is not a mouse or a fruit fly multiplied in size, life

span and other biological characteristics. Experiments with them can eluci-

date principles that may apply. to man, but they cannot by themselves supply

numbers to put into a human equation. The limits of risk are not completely

outlined and research continues on biological effects of ionizing radiation.

Because time is a factor for which there is no substitute many of our questions

are likely to remain open for generations. Each advance in man's power over

the elements has brought with it an element of danger and radiation is no

e:ception.

In the m-aantime we continueto explore and increase our knowledge.

Ue should proceed cautiously, within the limits deemed advisable by this con-

stantly expanding knowledge.

If one microcurie of radium causesonly minor effects in the body

and a third cauaes none that we can observe or detect is it not reasonable

to set one tenth microcurie as a limit for occupational exposure. If external

radiation 1000 times background produces no apparent damage-1 is not 50 times

background an acceptable risk for radiographera. Perhaps these figures will.

be revised again as they have in the past, but they seem adequate g,:ideposts

for the present.
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To maintain gSamma ray exposures below the tolerance level prescribed

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

between the source and the radiographer; (2) Maintain any solid or liquid mat-

ter between the source and the radiographer. The lead safe itself, to a certain

extent projects a cone of lower radiation behind it; (3) Perfona the operation

of positioning the source as rapidly as possible.. Under some circumstances

any one of. these measures may be adequate, or a situation may develop where

only one is possible; however, at all-times, if practical, all three should be

.utilized for maximum protection.

It may seem superfluous to state that the less time an individual..

remains in a radiation area the better but thislis so important, it's the

easiest rule to forget,.that it.cannot be overemphasized. To what extent can..

we use time as a means of reducing exposure? We might immediately duggest. to

expose the source as fast as possible and retire to a safe area, but further

consideration will produce another method of utilizing time as a means of re-

ducing exposure.

The A. E. C. approved tolerance dose is 1250 mrem per quarter,: this

figures out to approximately 19 mrems per working day, and 2.4 mrems per hour.

If we know the radiation level in an area, as determined in mr per hour by our

survey meter, we may calculate the maximum period of time permitted to remain

in the area.

hourly tolerance dose in mrcm Maximum time permitted
Ganyiza radiation level in mr per hour in area in hours

Example:

If the radiation level as measured by the survey meter is

12 mr/hour and our hourly tolerance dose is 2.4 mremB, then

2.4 .2 hrS .2 hr - 12 minutes.

12
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Therefore, a radiographer could remain in this radiation area for

12.minutes of each hour of an 8 hour work day. If it is necessary to enter a

radiation area, the time spent within.that area must be reduced accordingly as

the radiation level increases. The survey meter only indicates the radiation

.level, the individual must record the time at a radiation level to determine

his exposure. The pocket dosimeter intergrades time and radiation level to

give exposure do.e.

It is difficult for the individual beginning his career in radio-

graphy to comprehend the dangers existing from a source that cannot be detected

by any of the senses, and the harmful effects of which are only detected hours

or days after an overexposure. Radiation dosages from industrial radiographic

isotopes can be controlled because the radiation behaviorcan'be calculated

and predicted. In industrial radiography at Granite City the source element,

size, energy, and characteristics are well known and these rules, tables.and

formula may not apply to the unknown complex radiation field resulting from an

atomic bomb, or reactor catastrophe.

Radiation intensity, as light, is inversely proportioned to the.square

:of the distance from the source. This relationship-can be stated algebraically
* i~2

• " aS. d2
12 dl

The radiographer must be intimately familiar with the formula repre-

senting the inverse square law. With this formula and a known output for any

given quantity of isotope, the radiation intensity at any distance may be cal-

60culated. On. the chart "Radiography Isotope Data" the output of Co is.given

as 14,400 mr/hr/curie at one foot..,What ia the radiation intensity of 2 curies
2

.of Co at 20 feet from the source 1i d 2
12 Z

Jd
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Ii 2 c 14,400 - 28,800

12 a x (unknown)

dl a one foot, d12 . 1 foot

d2 a 20 feet, d22 = 400 feet

23,800 400

400 x - 28,800

x = 28,800 4 400

x = 72 mr per hour at 20 feet

i1 iz ;&e intensity at distance dl; 12 is the intensity at distance

d2, these values au•t be correctly matched. Use the chart values for Il and

dl and compute ch- ocher, make certain all figures are expressed in their cor-

rect units. By r-ule of thumb, double the distance and get one fourth the ex-
posure, half the diatance and set four times the dose rate. The importance of

distance as a means of controlling exposure is thus readily recognized. The
chart "Distance V. Curie's" illustrates the distance required to produce various

60radiation levels for different ra-ounts of Co

The third miezthod of reducing radiation is called shielding. A shield
or protective beauir:ixay consist of dirt, lead, concrete, or Ia,- Its effec-

vcn depend& c¢, thae type of ýradiation and it energy. Co6 0 and 1r1 9 2 d h
-1. C sa"=a aaLI,• fro~m tlhe- chart 4,n-.:; ph ........ Da a h ee

... 60 -1-heof le:r t3 ,d be rcquirad

i92

The• •::LK; fcet of these .•:riala is indicated by the tera
"[L.•,- va l~;;..° It indicates the thich:.* of Zhe ehcidin. erial re-

Cuidzz to ra&z: tZa diation level by a •etor of 2. The i hx "Concret".

. .. - 1~it vis the "CcS.on 2ee& o the io•,. ,.0, cs13K
• cL A its use f.coa:

- 30 -



* i ~-c4~wall will 8ivC. a reuto Q 3 ý

-alzoat 240 fc; : Therefore, ifa radiation leve~l on c h nc; de 62 Z a

concrete wall lo 15,000 mrlhr, on the outside it woul~d be, ?$000' 32 6-4<
sr./h~r for radi-,tion f'rom C 60; ard about .15,000 4 240 65 L Zo A.r IC

vio doc a ~ W; Z;With h e half value 1leyar rz;:thod7 Yýe Lc:i tablci'we

fin" that 31 o. concrete is the caaount required to reduce .th- rzdiation iby:

oehalf. A, 151 , l containG 15 i 3 -5 H.V.L. consequenrly ýzZc x x x

Z34. l5.) 2 70 -our. It muzz b~e pointed OU LL~iz Variouý cha~t
azrd fo~ui z s. u~ alwaya coincide so xaty COLWcretea io :'~Up Of~
various aO;J;~ nd. iL doesn'L alway'a 1h-wi the Z;z d--Zntly. For rvera-e
cons truetc WL~nt Lh a denz~ity C~ 147 lb/iA t he 11 .L is ZhOut

,2. 75 inc14ez : :ZICLOrS s~uch as tho ac'.UQn1 radiationlevl t e nergy,
t'.e thickneaL. c sth hicldp -and the ty-pe. of interaction all combine to give.
V121:ition! to t Ce chant zad grapha. Consequently, do not expect to always find
e:mact duplicracicn c.A chaxt and formula data, they should be cjpproximate]ly the
1; 0 and t~he AL ýure ýaor cocrezte of 3 inac hes: ior IH.V.L. is a s"fe one.

To ce xact xeduction f-CLOZ fr a givca shield,' a sapecific

iso~ope Cadtgu;I,,ocr. fr'ua applies. 11 is L'I-A radiation

ir.enity on ;- %orcc sid~ ; ie W"i LbQ atd IS ia the ±ntecnuity on the other

"41ae Che cv.vt eduction -L:ýczors are! the mout accur ate, bcaume it com-
faý th prCV' GU~ly mcratoznad variables.. For field work It is

3c Z o Lza~ I:a ba'ýth rdction factorv an i.V.L.) if rcduction, factora for
co~ncrate aic ~t zv.Ailable thka 3 inch H.V.L. f igrure r nd .

An c.. lc o f how all three w aey be uzea* LO rc~uce exposurc

ae faIlo

A "I ~ 3ource OA. Co60 is .0~ fzoz Lhc 4ource ~i.eof a 4
ti%4 - c 0 C" r* 'lhat Ic La4 radlti 6 t"n~z oil LLba! Cil side CA i
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rbc.'A wall? uo, r."11a individual reiaiz. on thu, Othoir SAide, zii ia -wall

nAuv rcceiv,:i kIx~ 2 rar/hour?

* i> ýrexs squarez iaw d. rGom ' o~ ylaotope

dl-
D.,L Cl-i:'iil 1 curio of Co 60  14,400 mr/hr al' onaa .

11" 1.0 x 14,400 -144,000 :;;r/hr

12 (uaknownm intenDity)

d2 12, (10 -I2) d22  12 12 144
(10 feet to wall1 & 2 A-Ee±t o~f wall)-

1'(rrom Data Chart)d 1 1c 1 1

d2. 14,400 4
dL.

144 xc 144,000

x 1000 x, /r at a dic "ance of
12 fect with no gshieldin.3

2. 24" oCc~rc c~hielding Wit" 3" aG the appronimate half
v ~ I 1iý Lyer

24 i 3 8 H.V.L.

S256 -3.9 mx/hr at 12 feet WithI- 2411 ol

c hialdixv,

3. ''I of radiation in an unrcitricte ~ra io mr/hr. If

v ,IUatoan is 3.9 or say 4 ux/h- behind the wall, then. no

L-< ._vý would be allowed tko icýzoAn thc~ce Lon zia tha t

c u -,,d f rom the time fO-2-Pa.

r3adacjaion in rai. kur

.5 of an ("0 C 30 mi IUr,

Scould *~i~n12 ii Z -CCý 10 cu~zlf oizý 0-,, WIE: ".

SI£coacrete 'or 1/2 hour vzici;d !coo~ le - U42r .
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2 n: L-wciuv -- "ý un ustrictod area.

'2hco -Lormulas muszt be. remembered:

'!ioiurly tolera.rce dose in tnirem
~ zarimui raL.OC~tion in mr/hr

2.
7-7

in houra

,J:v,,.rl.7,:ctiCal le~vel of radiat-1.-a'i:h &.1nield 'diation Al cve 1
u,':d Gion factor 'for sh ic x -A~arLdiuz2 61 outliadk Our-

c cduztion fac~Co r. bo obtained f ram Grý;h or calculated from number of
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o0'he uci iC n o frzal-xc zý i th

irw_ýctioll Of ,.t~~I~ nd W.Wildi is 'J44211 e-t.zbiizhd. iz:;ý valzt: L-Zoundxiczi

aad vcald aho'p~a --,';7e Quo 1iýy stndarda ýad improving m~ethods is an est-,b-

l~ihz!d fact. :..'ýy Lay would ii~~continued to use rad~ium zft4:r tle war, but

bwýau- of it5 hICLL"- iz.iti~al coaz, long e:iposurca recjuired wlth cGi;zequent hi-h

ovairoed tnnd ~ fgove~rnment contracts, they wore forced to cease

usz, it for iA~ A ra~y source lets costly thalr.~ radium and

availav101C in U-Uý Z greatc.r apecific activity would fill a ý:a r.ced.

W th~ of theý nucle&ar zeactor 'I'az~e aio:.tc of va-riouo

L~~- cuk~ zeieccno-Lcally. no-uav-er, the n Gze Lhat can be used

Lia Iý.jjria! 40 iseverely li~mited by the criteria w.-iclh must ba

iMot. 11COe rC

1. Energy of Ghe gamma rays
2. Half 1.1fe of the isotope

'I p`ciiic activity
Ru'de of production

5. Qualltity .titCan be. produced

An i aczo - oi Cobalt, Co60 and one of Iridium Ir 192 will meet the

abovC?. citeria. Cz will to a ccartain extent exceed the capabilities of

.i. z . It. io ic pjenaive in izitial coazt, and its specific activity is

1.55 ZLT4CO that OfZ r4ýdiUt. Its Itall lifC I'S WICh Ghorter than tL~t. of radium,

bu t 5.3 644cL dccay proccro ij slow, es.-ouah so as z ~ot to iatL-rfere wit

LIAZZ-3 intenanity of radjiadio~ ; be rcalc~latod cviory three

~ (A ~z:; ~ fr i ue~don te grzahs.) co~

b ar to uoe., ad~ decay product of isn cou frmadL

~~et~~IS ighen inhLA, -r~ oil alo*ie ~iiiY. :X ,,11itivity ia

Syaxrd, atich Ly -.,hich a good ý:dio2;raph £i.ý. ~ 'h.~ Z~a of

.. A ~ J6 1; Cand~ ze- ttin all a<doitvt

U! Tkio. Lh','L2 all zd-AZj a 1- ~U or: 0~ th thi~ck-

;,z o tho Czz zpvar on Clio r 4i -- zh. in a v'lo L-.ch 0ýcto a
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defect as amall az .040 of an inch will be detected. Sensitivity is measured

by a penetrameter. (Fig. 1) Penetrameters are made for each 1/2 inch thick-

ness graduation. They are taped directly onto the castings on the side adjacent

to tho source an, onto each respective thickness. A clear outline of the pene-

trameter and each hole represents the required 2% sensitivity. For a casting

thichkass of 2-1/2" or leas the small penetrameter is used, over 2-1/2" the

larger size ia pJz,!tted. The thickness of the penetrameter is 2% of the

object tich nea for which it is intended. (Fig. 1) A sensitivity of 2% is

a rather qluiivc, =aadard, and careful attention to detail must be given at

all.timas. .Thc oare important factors effecting sensitivity are:

1. Contrast
2. Film latitude
3. Density
4. Geometry
5. Intensity of radiation

Contr"o ir the differcnce in denaity produced on a radiographic film

by a given channc in arecimer: thickness. The greater the contrast between a

defect and the juxrounding area, the easier it will be to detect the flaw. In

,radiographs produced by x-rays the contraot is much greater than that produced

by Co60 ; in fact, iz is so great that it overcomes the latitude of the film and

if the caoting thickhesa gradient iG much over one inch a separate exposure

Zutbe Mad 6 each 0adient. This means zhat in x-raying multi-thickness

caotfr. a cieposure and separate -Zi1: muat be used for each thickness,

while with Co onie radiograph will give a coaplete picture of the casting on

one film.

Clozicly allied to contrast is latitude. Latitude ia defined as Lhe

d&u~izy range of a p~rticular fil)..-, Latitude and contrast along with emulsion

s<d and grai" a ,J inzhercnt qualities of film and varies.with the several

-y~e avaiicblc, in ju!ti-thicknae .ectiona .the eargent.gangsa ray intensitica

- 35 -



/

oc
K V

3r 47 17

K>

lzr

I /

PIGU/2?E I

-ILIV

SOURCE~Al FA W PA1

Th.¢,
Ff6 LIPE 2

F L MI/

(

79

!0 r 7" -2 T-r

FJGL}I&5 4 ~.2
,:'rJ.



~i.

I;
' \

I
.1 ~

I

S.

1*

5:

I
* . .t.

I

(I, ;~

* . .

.5

K

Fit) 8-i1lusirai~ng the . ossssrul S30oMOtir principles of shadow formation. In Figures BA, 8, C, and Di enlargement alone lake$ piace. InFigurwa 8CE and F, bothi onlargooswani a~nd distortion take place.

8•

.2



will range from a oaxliawa in the regiorn of thinnest section, to a zinium at

the thickest sections. If the entire subject is to be included on one radio-

graph and this ib deuirable, the difference between the mayinum a'U d &; inimum

thickness sections au~t not exceed the latitude of the film.

Density dcIC eLs on the length of exposure and the intensity of the

emergent rays. A drri,.ty of 2 is usually obtained, this will allow 1/100 of

the incident l!, •. passL through the film atd is the density commonly seen

on medical x-ra7y iUoiL4. 1lt Zilh types have an increase in sensitivity up to

a density of fiv,o dJi this increase in density and, a setup t'at" is good

geometrically, scnLostity of better than 27/. in the 2-1/2" to 6" thickness

range is obtained° Bc;low 1-1/4", sensitivity falls off to about 3%. Below 2",

Ir 19 2 will giv. o. better sensitivity.

A radicgr2_ph is to a certain extent a shadow picture, following the

common laws of light and shadow formation. This analogy is soaewhat untrue

due to the fact that the intensity of the euiergent rays are affected by the

thickness gradients of the casting. The geometry of the setup is of para-

mount importancez. The ideal oource size is of course a pin point, this is

unobtainable. ' 2 illustrates the effect of source size on sensitivity.

The focal distnnczý, source to fila distance, should be as great as time allowed

for exposure will ' and Figure 3 illuatrctes the effect a lengthening of

T i ,. ccal :stance and 4,c smaller the aource size, the

:bmaller the rcw :;giý,. ibral region. If the. penumbral region is too large,

the defect Will ;_.-:,J;i .O blend into the nori-al film density and will be easily

ovarloolked. The,1 i•;,,A'i'.".:,:ba effecL i.s .,furthcr ;c.gnified when it is realized tha.

a defect is s*I.W , .xih.5ly outine circle but rather is .. in ou.l'i,.

Yho film ho ,..•.t Jhould be placed as close aiL pos.,iible ýo the castlng
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on the opposite s.c froia which the source will be placed. It should be per-

pendicular to the plane of the central gamma ray and parallel to the plane of

the costing. The source should be aligned with the center of the casting, .both

right and left, and up zad down, so as to hold distortion to a unliform minimum.

The ratio of the L to defect distance and Che defect to film distance

should be 10 to 1 with 5 Lo 1 as an absolute minimum. Figure 4. will .illustrate

the advantage of the large d-t ratio. The limiting factor is the time allowed

to!complete the radiograph. The gamma ray intensity follows the inverse square

law; therefore, if the focal dirtance is doubled, exposure time is quadrupled.

These variables, focal distance, time and intensity of radiation are compli-

cated further by i ,.i m type. The choice of the type of fLlm to use depends upon

the relative importance placed upon definition contrast and time. Eastman

type "A" film is a high contrast fine grained, but slow film, a relative speed

of one. Type "K" is a very fast film, relative speed of six, but is low on

contrast and has a coarse grain. "No screen" is a medium speed film, relative

speed of three,.has high contrast and only slightly larger grain than type "A".

These three types are representative of other commercial films, Ansco, Dupont)

etc.

The film r•uit be handled with extreme -care both before and during

proces3ing. A heavy finger pressure, a kink, or bending will all produce de-

sensitized areas Lht will show up on the final radiograph. During processing,

care iaust be e cised so as to avoid dust, uneven development, and drying

apotn. it is raxh: futile to figure an optimum focal distance, a good .geo-

metrical set up .. :ha,_n thr,>ugh careless proeeLising have so many blemishes

on .the fil.. t.jL...aon i. f difficult if not imoosoible.

The filAa c.au.lsion will absorb only a ainute percentage of the emer-

) nen. gawmma rays, kuc ,ill. almost completely absorb. the secondary radiation or
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electrons emitted when gamma radiation strikes thin sheets of lead foil.

Because of this intensifying action the lead foil is called intenagifying

screens and vary in thickness from .005 to .015 of an inch. A .010 screen

in front of the film and .015 in back will give the highest definition with

the least sacrifice of time. 7The lead screens will cut exposure Lim" from.

1/2 to 1/3 of th, time required without them. " The: front screen is the true

intensifying screen. The secondary radiation produced in this screen han a

very short range; consequently, the film must be placed tightly against the.

screen. Where actual contact, is lost,. that section of the finished radiograph

will be blurred, Vie rear screen filters out scattered and bounced back radia-

tion giving bettcr definition to the radiograph. The screens must be maintained

free from scratches, dust, or lint because they will absorb some of the radia-

tion, resulting in misleading areas on the radiograph. The lead ýcreens and

film are all encloted in the film holder or cassette.'

The strength of radium sources for radiography is stated in milli-

grams of radium or millicuries;. forradium the two units are interchangeable.

With Co these units are not interchangeable. The milligrams of Cobalt pres-

ent do not measure the strength of the source since the activity per milligram

is not a naturai constant as it is for radium, but is dependent on the time and

intensity of ncu'Lron irradiation, The radiation intensity produced by one

MiiiCursiz of Co6 ia approxLmately the s•i4 Qs produced by 1.55 millicurie of

radium. T'he mii'ic rie !masures the Qmount of radioactive isotopes present

in a radioactive '.terial and: not the intensity.

As the only exposure charts available at the time were calibrated in

milligrams of radium, it was a .I ple matter to convert one millicurie of Co 6 0

into 1.55 milligrams radiua equivalent. With the preceeding information as a

bgakground we can now take up an actual oxpoure saetup.
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To caLtc a successful radiographic exposure, several oi the pre-

viously mentionccd variableo must be brought into focus;

i. Thickness of steel
2. 2ocal discance

3. Type of film
4. Strength ol source
5. Exposure factor
0. Time
7. Density desired

The lirat fLa.cors to consider will be the castings and the thickness

of the area to be radiographed and the time allotted to complete the exposure.

If time ia of the enaeuce and the casting is of heavy, section a mediumfast film

such as no screen, a short focal distance and a high intensity source would be

mandatory. If oa the other hand time isn't as important as the very best in

sensitivity, a fine grain film, long focal distance, and small source size

would tend to accomsplish the desired result.

With the casting thickness measured and the-correct type of film

loaded, an exposure chart for the respective film used is consulted. Vhis

chart. is made up on ocmilogarithmit 2 cycle paper. The subject thickness is

the abscissa and exposurce factor is the ordinate. Exposure factor is defined

asA x B -D

When A LLligrams radium equivalent

h Eo~r time in minutes
C Focal diutance in inches
Y) Bxposu-e factor

On eachi . line :s plotted showing the relationship between

thickness and expouuru factor, corresponding to densities of 3.0, 2.5 and 2.0.

The subjcct thickness is known, the density is known and by consult-

in& the graph Lou cxpoc;ure factor is known.

One of w•o io~ulas are then utilized to figure the remaining unknown:

1. D 1C G2 D 2. A X B 02

A )D
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When A Mlilligraams radium equivalent
B Exposure time in minutes
C Focal distance in inches
D Exposure factor

Two techniques may be employed with the above formulas. The first

is the internal source technique, wherein the isotope is placed inside the

casting and the film, in a flexible cassette is wrapped around the outside.

This is especially useful in the radiography of circumferential welding and

is illustrated by photograph 01. It is obvious that the focal distance is.

dictated by the O.D. of the casting; therefore, formula one is solved for

exposure time. Ca this type of exposure the d-t ratio must be remembered.

Two per cent senalitivity will not be achieved with a tubing 2"1 thick with an

O.D. of 8"1 as the probable d-t ratio would be only 4 to l..

Thicker and more solid shape castings may be exposed over night uti-

lizing technique #2. GCzaaa radiation flows out from the source in a 360O

spherical area and Lhe castings are set up in a circle around thesource. To

calculate the exposure, use formula #2, time is fixed by the 16 hours between

quitting time and arrival the next morning. Focal distance is then calculated.

Circles at one foot intervals painted on the floor will help expedite the set-

ting up of the casti'ng. It frequently happens that the castings may not all

be of the same th Lcknea3, one may be 5 or 6 inches thick, another one inch and

several in between, a Ia illustrated in photograph #3. A separate focal distance,

formula #2, must be figured for each casting and the exposures made simultane-

ously. The thickness& gradient on a casting may be so great as to overcome the

latitude of any individual film type. Type "A" for instance will cover a 2"

thickness differceniaLl. If a casting thickness range is 3" or as much as 5"

one exposure on type "'A" film will noL be enough, two separate exposures will

double the time of hAvicdling the casting. If the thickness difference is around

: 51, tao type "All fil.=5 a.re exposed at the samae Lime, both in tho same cassette.
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After exposure the dense area of the film representing the thinner sections

are viewed separately. The area of lesser denasity) the thick csting areaG

are then viewed after the second film is superimposed over the first giving an.

effect of doubling the individual densities. If the thickness gradient is as

much as 4" to .5, another technique is employed. One type "A" or alow film,

and one type no screen, or fast film,, are placed in the same cassette and an

exposure time is worked out for each film. The respective-exposure times may

differ by a few rainutea, but an average exposure may be used without noticeably

effecting the filza denaity.

After the exposure is over and the film is developed the radiograph

should be careiully LtUdied for defects. if a defect is revealed the casting

surface should be inp- cted as not infrequently an. inconsequential surface

blemish will show up on the film and might be interpreted as an internal defect.

If the surface ieý clean, the questionable area can be chipped out, repaired,

and radiographed ii It takczi an experienced eye to detect the nature ind

seriousneas of Lhe various defects encountered in steel castings and the deci-

sion to scrap or repair is a- important one, economically.
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FILNS AND SCREENS

Radiographic film differs from ordinary photographic film in

several respects. If a photographic film has been given on exposure with

ordinary light, it will be found that those grains which have been developed

out of the latent image occur mainly near the surfac4 of the emulsion, showing

chat the light was Gtrongly absorbed by the emulsion. This fact is established

by slicing through the film and examining it "edge on' with a microscope.

In the case of electromogretic radiation, the rays a-e absorbed to only a

small extent by the emulsion and an examination of the exposed film shows the

emulsion. In order to increase the amount of the radiation absorbed by the

emulsion, and hence the density of the image, the emulsion is coated on both

sides of the film base. Those films intended for use with radiation alone

(without intensifying ucreens) have a thicker emulsion then those to be

.used with screena. A calcium tungsaate intensifying screen consists of

crystals which fluozesce with a blue light under the action of gamma or

x-ray and, thezireo, pa-C of the latent image is due to visible light and

part to the action of X-rays, when such a screen is used. Radiographic

films have two oppoaing characteristics, contrasot and latitude.

Contrast refra to the amount of change in density of the image

due to emall chanu in exposure. The greater the contrast of the film, the

sualler the differeýn>cz in expoaure for a given difference in density. Con-

trast increases with density, generally a darker film has greater contrast.

The greater the latitude the greater will be the difference in

exposure required to obtain a giv'c:n difference in density of the iWage.

ýLztitude is not oh 6reat importa-ce when radiographing specimenz of uniform

thicknsssaweld botcom plates), It is an important consideration in
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multithickness specimens. In multithickness specimens the emergent gamma ray

intensities will range from a maximum in the region of the thinnest section

to a minimum at the thickest section. If the whole subject is to be included

on one radiograph the difference in exposure between the maximum and mimimum

sections must not exceed the usefull exposure range of the film.

The speed of films refers to the exposure required to produce a

given density in the image, and usually the grain size in the image will be

larger for the faster films. Grain size refers to the size of the individ-

ual grains of metallic silver in the image. To obtain fine details, grain

size is kept at a minimum but at the expense of speed. Because we use

Kodak films a chart of each film's characteristics is included at the end

.of this chapter.

Radiographic films should always be handled carefully to avoid

physical straina such as pressure, creasing, buckling, friction, etc. The

normal pressure applied in a cassette to provide good contact is not enough

to damage the film, but whenover films are loaded in semi, or flexible holders

and external cl opin or holding devices are used, care should be taken to

see that this prezaured to uniforato If the film holder bears against a few

high spots, such as occur on a welded seam the pressure may be greiJ.t enough

to produce desensitized areas.

If larg•. filau are always grasped by the edges and allowed to hang

freely marks resulting from contact with fingers which are moist or contami-

natcd with procesaring chemicals as well as crimp marks will be avoided.

An importan precaution to remember ioi to avoid drawing film

raiyldly from cartona, exposure holders or casscttes, or hardling it in any

manner that would cause friction. Typical film indications caused by improper

hardling are illustrat<.d. Note that it ir. poisaible to tell if the pressure

kua'ka trerte ckiw,-d bo fcca or after exposure.
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Because of the deleterious effect of heat and moisture, all film

should be stored in a cool dry place and ordered in such quanticies that the

supply on hand is renewed frequently. The film should always b4 rotated.

The box bears the expiration date of the film, use the old film first. Do

not store in a room near chemicals where thore is a possibility cAZ, contact

with hydrogen sulfide, amnonia., or hydrogen peroxide. Fire hazards are

somewhat less t:h.in would be Presented by an equal amount of newspaper.

Lead screens consist of lead foil placed in direct contact

with the surface of the film. To keep the lead foil ,flat, to prevent

wrinkles and to assure good contact with the film, the foil is cemented to

a cardboard backig°. The front screen is usually .010 to .020 inches

thick, and the back een t~he same as .005 thicker. The purpose of the

screens is to improvwa the image and intensify th6 action of the radiation.

ThV4. Clront screen will absori- part of the radiation coming

from the object. Both primary radiation (direct from source) and scattered

radiation reach 'hia screen. Since Lhe scattered radiation is of less energy

and larger wave le•g.th then the primary beam, more of it will be absorbed.

The reduction of the scattered radiation by this differential action

improves the contra of the-ý image by reducing the general background fog

which is produced by the scatteredr radiation. The lead foil emits photo-

electrons due to c:¾h m;ode of interac tioh between the lead screen and gamma

radiation. We h Jve .rc:ady studiedl how this comes about. These photo

aiectrons are ailso:cbed by the esiulsion on 'the photographic film more readily

than the gamara r"cdi.ihcion itself. The front ocreen therefore results in a

Ohorter exposure time.

The back screen is slightly thicker than.the front screen so

?as to better absorb. the back scatter from. object• behind the film.
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DET$CTION & 1EASURiM:hENM OY 'RDIATION

Radiation from radioisotopes would be of little value if we ha( no

means of detecting or measuring it. Fortunately, a variety of devices are

available for this purpose, varying in complexity from simple ionization

chambers to highly complex multi-channel analyzer systemo. Such detection

systems meaeure the amount, type, and energy of the- radiation.

Among Lhe more important radiation detectors are those which react

to the ionization produced in them by the incident radiation. This class

includes ionization chambers, geiger counters, and cloud chambers. In these

.detectors ionization is produced by direct interaction of charged particles

with the detector or by a reaction of a non-charged particle, such as a

neutron or a gamma ray photon, with a constituent of the detector to produce

a charged particle which, in turn produces the ionization.

A diifexant class of detectors makes use of the molecular dissocia-

tionor excitation produced by radiation in certain substances. This class

includes the scintillat:ion counters, photographic emulsions, and various ch em-

-ical dosimetera. A few of these will be described in more detail.

Ionizatioa chambers measure the quantity of ionizing radiation as a

function of the electric charge produced by the ions in a defined volume.

Usually they consist of two electrodes mounted in a partially evacuated chamber

with 'a constant potential across the electodes. When such a chamber is exposed

to radiation a current will be set-up across the electrodes because the elec-

trons which are knocked off the atoms of gas will be attracted to the positive

electrode. The atrength of this current is a measure of the intensity of

radiation.

Proportional counters are gas filled chambers in which the pules

produced is propertional to the number. of jions formed in the gas by the primary

ionwzing particle
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Geiger counters are perhaps the most familiar and widely used radia-

tion detectora. They are highly sensitive gas filled devices which operate at

higher voltages than ionization chambers to produce what is known as avalanche

ionization. The gas pressure, however, is lower than that in proportional

counters. They are very sensitive and somewhat complicated and should only

be used by an experienced person. At certain energy levels and in high radia-

tion intensity fielda, a condition known as "blocking" occurs and incorrect

readings may be made. When the voltage between electrodes is high enough.

primary ions produced by the radiation travel to the electrode at a suffi-

ciently high velocity to produce other ions by collision, known as scondary

ionization. This proces. results in an avalanche of ions such that the re-

sulting electric current is independent ofthe number of primary ions produced

in the initial ionizing event.

Cloud chambers are used largely in nuclear research in conn'ction

with acceleratora to •itudy the interaction of high energy particles. The cloud

chamber developed by Cý. T, R. Wilson is based on the fact that the passage of

an ion through' a super- aturated atmosphere is rendered visible by the conden-

sation of tiny dropleta along the path of travel. The actual path of alpha,

beta, and gamma rays become visible to the eye. The chamber is easy to Son-

struct and has becoae a favorite of. high school science fairs.

The sq,;_ktlation counter belongs to the second class. Radiation

.caues atouis in certain chemiclsl or phosphors to emit pulses of liht when

excited by radiacion. 'hen such scintillation materials are combined with

photomultiplier tubes they form a very valuable and-widely used class of

radiation detectors.

Photographic film badges are also in the second class. Since photo-

graphic film undergoes darkening uhen exposed to radiation, this effect is used

to determine the cumulative radiation dosage:by measuring the degree of darkening
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in a given time of eupoaure. This type it widely used for peraonai protCeciciLa

Our survey inatrument is of the ionization chazber type, and gaer &lly

follows the basic sketch below.

loL

Collecting
Electrode

Battery -

7+

or
Electronic Dial
Amplifier Galvanometer

V Resistance

BASIC 1ONIZATION C•1AI ER

The basic ionization ch mber was u;.ed by Madame Curie in the late

1800's and dates back to the earlie.t studies of radioactivity.

It consist*a of a cylindrical chankr., the walls of which serve as

one electrode aad a thin metal rod, mounted centrally within the tube as the

other. The potential across the electrodea in such that no current passes

between the electrodes.

Suppoj.o now that a single alpha particle or beta particle, or in

fact any ioniz•ing radiation enters the tube. This will cause the positive
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ions to travel toward the negative electrode, while the negative ions will be

attracted toward the positive electrode. As a result charges will collect on

the electrodes and an indicating instrument will register a pulse of. current.

The. amount of charge collecting on the electrodes is, of course, ext-;emely

small and the pulse must be amplified by means of an electronic amplifier be-

fore the indicating instrument can be made to respond.

If tha magnitude of this pulse for various values of the applied

voltage, starting at zero and increasing to several thousand volts, is plotted

against the corresponding potential, a curve of the shape shown below i' ob-

tained,

Not ToScale
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0 0 W

'-A4

' U a' :I

W• J. L
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It is not drawn to scale; its purpose is merely to show the general

qualitative nature of the variation of pulse size with the potential applied

to the chamber,.

It will be noted that this curve is not smooth and that it can be.

roughly divided into six zones or regions. Three of these regions, 2, 3, and

5 are utilized in various instruments for the measurements of radioactivity.

'.In region I the size of the pulse produced by the passage of a single alpha

particle increase as a funtion of the applied voltage, but reaches a constant

value in region 2, when it becomes independent of the voltage. The reason for

this is as follows:

When the applied voltage is small, the ions produced in the tube

by the impinging alpha particle move slowly toward the respective electrodes,

consequently, there is ample time for many of the oppositely charged species

to 'recombine that is to meet and neutralize each other. The strength of the

pulse registered will consequently be'less than if all the ion pairs originally

formed succeeded in reaching the electrodes. As the potential across the tube

isincreased, the ions travel faster, s the number of recombinations is dimin-

ised, and the pulse size is increased. Ultimately, a point is reached, at the

beginning of region 2, when the ions move towards the electrode so rapidly that

virtually every ion produced reaches the electrodes. Thus in region 2 the

pulse height remains steady even though the voltage is increased. All of the

sLmplle ionization chambers operate in this region with voltages that vary

roughly between 1.00 and 500 volts.

It will be noted, however, that in regioa. 3, the pulse height again

increases with voltage. This is what is known as the proportional region.

For its effective utilization a cylindrical chamber is used which is made the

negative electrode. Along the axis of this cylinder is centered a positive

wire electrode. hen the voltage is high enough the potential gradient near
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the central wire becomes so large that the electrons produced in the primary

ionization of the gas by an alpha or beta particle, are accelerated to high

speeds. In region 3 this speed becomes high enough for the electrons to ion-

ize other atoms or molecules in the gas and the electrons so produced may

cause further ionization. This condition builds up to the point where the

multiplication effect results in an avalanche, thus greatly increasing the

pulse height. The total number of ion pairs produced in this way by a single

primary ion pair is called the gas amplification factor. It may become as

high as 106 in region 3. If the voltage is maintained constant in this region

the gas amplification factor remains constant and the size of the pulse is

proportional to the number of primary ion pairs produced by the incident

ionizing particle. For this reason ionization chambers which operate in this

region are called proportional counters, The voltages used in operating in

this range varies from 500 - 1000 volts and gas is usually a mixture of argon

and methane Tihe argon increases the amplification factor while the methane

contributes to more stable operations.

At still higher potentials the character of operation aga changes,

Region 5 is very useful and is known as the Geiger - Muller region. Conditions

in this region make pousible the well known Geiger counter, Because of the

.design of the Geiger counter, in this region the number of pulses become essen-

tially constant regardless of variations in voltage. An important advantage

of th6 Geiger counter is the fact that the gau amplification factor may attain

a value so high that the pulses require little external amplification.

The geiger tube is filled with an inert gas such as'neon or argon

and small amounts of organic or halogen vapor. The avalanche effect is pro-

duced giving a pulse of current which activates an electric circuit. The

organic or halogen vapor acts to terminate the pulse and restore the tube to
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its sensitive condition. They do not read true dose ratio unless specially

calibrated. They read number of'ionizing events without regard to their

energy. They can exhibit an effect called "blocking" where a high radiation

level may be read as a low one.
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PERSONMEL DOSIEMTRY

Self reading or indirect reading pocket ion chambers and charging

devices are used for individual protection. They are essentially capacitors

constructed to discharge in a predictable manner when exposed to ionizing

radiation. The charge, placed on the chamber upon proper insertion in the

dosemeter charger unit can also leak off indicating an erroneous exposure.

They may be accidently discharggd if the tip of the cap, or the finger should

rub across the terminal., Dust inside the cap may also result in leakage.

Due to iharrenrt lisitations any off-scale reading must be reported

as "greater than full s.cale", under no conditions may the reading be interpo-

lated, as the actual exposure may be several times full scale reading or only

a few per cent high. This is covered in our emergency operating procedure.

These daiters ire relatively insensitive to beta and alpha par-

ticles. Dosimeters are worn only to give the wearer an estimate of his

exposure while receiving the dowe, in order that he may limit himself to the

permissible levelu, Disagreement, often as large as tenfold, between dosimeter

and film badge measurments is to be expected, the dosimeter usually reading

low. -

Official records of radiation exposure are the film badge measurments.

Badges are constructed wi h 2 or , separate pieces of film with various types

of shielding material in order to ascertain the various types of radiation.

Normal accuracy is claimed to be plus or minus 20% for gamma radiation. The

badgea should be worn clearly visible on the front of the body somewhere be-

tween the waist and the neck. This tends to prevent unitentional shielding

of parts of the film by pocket carried pencils, etc.

52



-Experience has shown that two points are not fully understood by

persons to whom film badges are issued, One is that film badges are not to

be abused. This includes delibrate exposure of the badge to radiation while

it is not being worn by the person to whom it was issued, the use of the film

badge as an experimental detector, and the rearranging of the film in the

badge. The other point is ,that a film badge routinely issued to a person at

a particular area should be worn by that person in all areas, so that he

maintains a single cumulative record for each period. Do not work in a radia-

tion area withour oy.ur badge, always wear onl.your _ a. y 2 and in this way

maintain your own individual and personal record of your radiation exposure.
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IN=,hODUCTIOG'

The Inrtruaents Division's Hodel l10A Unitron Is designed to

safely store oW zlýely expose an encapsulated source of gar.-ma radiation

for Industrial Radiography. A complete unit consists of:

(1) A Hodel 1I1A Unitron Head Assemb; "'

(2) A Flexible Source Tube Assembly;

(3) A Flexible Source Position Indicator Assembly.-

The UnItron Head Assembly stores the encapsulated source in a safely

locked position and after unlocking,),permits free passage of the source into'

the Source! Tube° The Source Tube guides the sourcet..o a remote location. The

Source Position Indicator Assembly is the mechanical drive system that exposes

the source from a retracts it into the head.

A complete unit permits remote radiography of specimens that are 50[

feet away from the ogperator, who may remain behind aeshield during the exposure*

zither panoramic shots of several specimens aor an internal shot of.

a single speciment c•n be obtained by placing the end of the Source Tube Assem-

bly in the proper location before exposing the sourCe.
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Attachment of Source Tube Ans etl•

Remove the aluminum plug from the fitting in the fiont of the

Unitron and thread the source tube coupling into place.

Atachment of Source ?osition indicator __•bi_

1. Remove the plug threaded into the lock box of the source deuircd.

2. With the machine locked, pull out the source cable disconnect. so that

it is exposad approximately 1/411 beyond the lock box..

N. B. PFullingthe source cable out with the machine unlckhed m:ay reault in

the source covi o ut of the head cozm,'le__ ely an,4 zexposLn* personnel

to a radialton hazard,

3. Connect the disconnect on the drive cable with the disconnect on the

source cable by bringing rheiei together az right angles.

4. Straighten the drive cable and thread the control cable adaptei. into the

fitting providod on the lock box,

The Unit is not ready for operati.,.

To set u- for operation, the end of the source tube is placed in,

position where it is desired to have the source appear. The end of the tube

",y be held in position by tape, test tube clamp, wood blocks, or in any other

iuuitable manne'r, The &ource tube should be as straight as possible for eaac

0 oration.

The Source ?ozition Indicator Ajj-sebly is then extended to its full-

esca length in order to keep a minimua number oi bends in t•h•e control cable

and waintain a u-ai~u= distance between the op&taýror and the source. It is

Preferable •o have the operator ýr-th the conttrc; handle behind a personnel

shie id



After unlocking the unit with the key provided, the source is

exposed by turning the control handle clockwise until the &ource comes to

rest at the end of the aource tube. The aource position indicator on the

handle shows the poaition of the source in the source tube at all tiMCes.

No forcing of the handle is necessary.

After the exposure, the source is returned to the head by turning

the handle counterclockwise until the source comes to rest in the safe

position and the source position indicator reads zero feet. A Survey Meter

should alwas be u3ed to Tpnke certain the source is properly shielded. The

machine should be locked, after each exposure to prevent inadvertent operation

and possible overexposure.

Whenever the source tube or source position indicator assembly is

disconnected from the head, the plugs provided with the unit should be

screwed into the outlet and inlet ends of the head. This will.prevent the

accumulation of dirt in the head and will also prevent the source from fallina

out of the head in case of misoperation of the lock.

The pointer on the source position indicator has a tendency to

drift slightly over a large number of operations. The pointer is reset to

? •with the source in the head and the machine locked. The small screw

on the pointer shaft is loosened slightly avd the pointer reset at zero feet.

The screw is the retightenedd
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2.0 Operation

Operation of the Ca-40A in extremely simple. The instrum'nt hai; been cai-

brated and fully tested before shipment and the operator need only adjust

the meter ZERO ADJUST on the top of the inatrument case and aeiect the

desired meter range to obtain accurate radLation measueme-nt. In addition

to the OFF and ZERO positions five ranges on which the meter reading is

multiplied by 10,000, l,000, 100, 10 and I are provided giving the instrucent

the ability to measure fields ranging from I tr/hr to 50 x/hr.

To set the CS-40A into operation simply turn the selector switch into the

ZER0 position. This applies filament voltage to the electrometer tube and

power to the time delay circuit. Approximately 1.5 seconds after this vol-

tage has been applied the powar 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 instrument may be zeroed in a radioactive field

of any intensity without effecting the calibration of any of the five .ranges.

When the meter zeroing has been accomplished turn the selector awitch to the

X 10,000 position. In taking measurements, it is always desirable to have

the selector switch set on the position which gives a near midscale deflection..

This switch has been designed so that the first position encountered provid•s

the highest scaling factor.

This prevents the posaibility 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 deflect the needle near midscale, turn the selector switch to lower ranges

until the deflection is such that the most accurate reading is obtained. The

reading times the scaling factor is the ,mou-t of. radio-activity present in

mi, lliroentgens per hour. A meteer sensitivity control is provided at the

#* ..



bottom of the intrument for calibration al the CS-40A. 1.owever,. t".his

control has been preset tand normally will not: require readjustment unlesa cow-

ponents, other than the battery are replaced. Re-calibration shouLd not be

attempted unless a known source is available and the proper method known.

The &crew-driver adjustment on the top of the aeter is also preaeL and should

not be moved unlean the meter needle indicates something other than zero

with the selector switch In the 0OFF position,,

3.0 Calibration

Place the CS-40A in an accurately known gana radiation field. Turn the

selector switch to a range which -will provide the meter deflection nearest

midscale. Should the instrument require recalibration adjust potentiometer

R12 located on the underside of the Instrument until the correct reading is

obtained. -Provide that all range resistors, RI, R2, R3, R4 and R5 and

switch SLA are clean and free of moisture, the calibration performed on any

range will be valid for the remaining ranges.
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FILM BADGE PROCEDUM

1. Film badges shall be worn by all radiography personnel .durirng working
hours.

2. Each film badge shall be placed in the film badge storage area at the
end of each shift.

3. Due to fluctuation of personnel incoming badgee are numbered only. At
the beginning of the veek take your new badge, use the same number if
possible, write your name across the face of the badge. Never use a
badge that anyone else has worn.

4. Film badges are to be charged weekly, but if new-badges are late, they
may be worn a second week alao. In this event each man will make a nota-
tion of the dates he*wore the badge-viz June 3 to June 14, 1963. The
man mailing the badges to the processing company Vill make a notation of
this on the pocking sllp4t

5. Control badges remain in the storage area and are not to be worn.

6. All film-badges must be kept away from excess heat.

7. When returning badges to the processing company, send all badgez, even
those not used. Make sure a. mans name is on all used badges and write-
his name, beside the film badge number on the pocking slip. o.

8, In the event anything goes w-rong with the film badge, as if anything
happens that these inatructions do not cover, call kr. Robert W. Ripley
or William S,, Davis, immediately.
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UNSATISFACTORY RADIOGPRAHiCS

I High Density

A. Overexposure

1o decrease exposure time by one third
2. check calculations of exposure
3. check steel thickness

B. Overdevelopment

1. temperature of developer soluti=a may be
too high (over 70 0 F)

2. wrong time cycle on automatic developer

II Low Density

A. Underexposure

I. increase exposure time by one third to
one half

2. check calculations and section thickness

B. Underdevelopment

1. temperature of developer too low ,(below650 F)
2. weak and worn out solutions

III Low Contrast

A. Wrong film

1. consult film chart use film of higher contrast

B. Fog

1. film slightly exposed to a light source
2. developer and or fixer, weak or depleted
3. light leaks in dark room
4. prolonged exposure to darkroowm "safe light"
5. too high wattage bulb in "safe light"
6. back scatter from radiation, check lead screens,

put more empty space behind film while exposure
is being made

7. t.o long developing, hot developer solution
8. old film, always rotate film, the date is always

on the bilni box
9. inspection of film before completely fixed

10. do not look at film through a viewer until it
) .in completely fixed



IV Streaks

A. Film hardling and processing

1. failure to agitate film during processing,
move films every few seconds in all solutions

2. inspection of film during development

3. use photo flo in final rinse

V, Poor Definition

A. Excessive object to film distance

1. place film firmly but gently against the

object being radiographed
2. increase source to film distance
3. use smaller source size (physical),

B. Lead Screens

1. dirty and oxidized lead screens
2, paper between lead and filsi
3. poor contact between lead and film

cardboard film holders sometime sag during

exposure thus it separates the lead and the
fi lm

C. Coarse Grain

i. check film chart, use finer grain films
2. developer too ward

VI PHes

A. White Scum

1. Fixer not completely rinsed oof film

B. Reticulation...

I, extreame temperature changesduring processing

C. Blisters

1. reaction between alkaline developer and acid
fixing bath, will form carbon dioxide gas



GLOSSARY OF TERfPS

Absorption - Ofter, used when attenuation is meant refers specifically to-

processes by which radiation disappears or is er"aiformed.

Alpha Particle- A helium nucleus consiting oi 2 protons and 2 neutrons,

therefore with a double positive charge. The atomic nudber

of the original isotope emitting the alpha particle is reduced

by 2 and its mass number by 4.

Atom The smallest particle of an element which is capable of enter-

ing into a chemical reaction.

cAttenuation - The process by which primary quanta or photons are reduced in

number on passing through some medium.

Background - Normally refers to radiation due to cosmic rays, radioactive

materials in earth as building materials, and the slight radio-

active contamination of the instrument materials.

Bremostrahlung- The production of electromagnetic radiation by the deceleration

of a charged particle, usually an electron, while passing

Lhrough matter. Example is the continuous spectrum from an

:ý-ray tube.

Characteristic- The essentially monochromatic radiation emitted by an atom when
radiation

an orbital electron is removed or following excitLtion of the

atom. Each element way emit a number of characteristic radia-

ziona, each of a conatant wzve length and differenz from the

tcteristic radiations of all ocher elrcnt•.
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Collimation -

Collision -

Conversion -

electrons

Curie-

?4Decay
.(radioactive)

4photographic)

Divitay - "
(phiyAcal)

•~ Diantegration -

Confining a beam of particles or rays to a defied c•oss *ection.

A close approach of particles or photons during which there is

an interchange of energy, momentum, or charge.

Are orbital electrons ejected by photoelectric coniversion of

nuclear gamma rays in the orbital levels of the ame atoQ.

They do not arise from the nucleus and therefore do not result

in a transmutation. Thus, they are distinguished from nuclear

beta particles, although they have the same physical properties.

Amount of radioactive material defined as the quantity of any

radioactive material in which thenumber of disintegrations

per second is 3.7 x,101
0.

Disintegration of the nucleus of an atom by the spontaneous

emission of a particle or a photon.

A measure of the degree of darkening of photographic film.

The weight of a substance per unit volume such as pounds per

cubic feet.

Process of spontaneous breakdown of a nucleua of an atom,

resulting in the emiasion of a particle or a photon.

A quantity of radiation.

A made of radioactive decay ia which an orbitai ýAIcctron mcrgo5

with the nucleus. Prcca io followed by ...... of an ...

tron or Photon.

EJU-ctron -



Electron -

Volt

Energy -

zErythema -

Exposure dose -

-J )(Frequency -

GamA Iay -

A unit of energy. The charg& in kinetic cnergy of 1n elect'ina

when it is accelerated through a potenti difacrle of I

volt.

The ability to do Work. Potential energy in energy due to

relative position (elevated weight) or:!a configuration

(coiled spring). Kinetic energy is energy due to Laotion

(a speeding auto or electron).

An abnormal redness of the skin caused by a variety of agents

including ionizing radiation.

A measure of the x or gmaa radiation at a certain place based

upon its ability to produce ionization. The unit is the

roentgen.

NNuber of cycles, revolutions, or vibrations completed per unit

time.

•igh frequency, short wave length, electromagnetic radiation

emitted by the nucleusaf an atom. Identical in volume with

x-rays of the same wave length.

Inheritable changes (mutations) produced by the absorption of

ionizing radiations particularly by the gonads. Effects arc

apparently additive with no recovery.

Relative arrangement of souzce, casting and film.

The time required for a radioaczive substance to looe one-

half of its activity by decay.

Ceneric

Geometry -

Half-life-



,/ Half-value -
% Layer

Internal -

Convarsion

Ionization -

ionizing -
Radiation

laodoge Curve-

.Isotope-

X Electron -

Azount of ahielding material accessary to -educe o ziatio.

level by a factor of 2.

A mode of radioactive decay in wihich the Zaa zaya from ex-

cited nuclei cause the ejection of orbital e'Lctzonr from

the atom.

Atomic particle, atom or chemical radical bearing one or more

charges of either sign.

'Me process wherein ions are produced.

Radiation capable of producing ions by direct or secondary

processes; alpha, beta, gamma, neutrons.

A curve depicting points of identical radiation dosage in an

area.

One of several atoms having the same number of protons in

their nuclei and hence belonging to the same element but

differing in the number of neutrons and therefore in mass

nurber.

The process wherein an electron in the K or inncr shell of an

ator is captured by the nucleue during a iucleU reaction.

In the process a characteri6ic x-ray ia oittzd.

Prefix indicatiM., 1000 as in kilovolt.

A prefix indicating one millionth.

A prefix indicating one thousa~lsth.



co~iitoring -

Monochromatic
radiation

Nucleus -

'Photon -

Positron -

Primary -

Radiatiou

2eriodic or continuous deter iinuion oi th une cf ion-

izing radiation or radioactive contaiination prezs21ti in aa

area.

- Electromagnetic radiation of a single wave lcng3th i which

photons are all of the same energy.

The heavy central part of an atom in which moot ' Lhe UUz:0

and the total positive electric charge is concentrated..

A discrete unit of energy as waves.

Particle equal in mass, opposite in charge to the electron.

Radiation arising directly from the target of an x-ray tube.

or from a radioactive source.

The. unit of absorbed dose. It is 100 ergs/g of anymaterial.

iadioactivity -

.oRemt-

.. Roentgen-

SpOntaneous disintegration of an unstable nucleus with emission

of a particle or a photon to form a different nucleus.

(Roentgen- equivalent - man) A unit of biololicai dose, it

is the amount of energy absorbed in tissue that produces the

sae biological effect as I R of gaima radiation oz x-rays.

For our purpose I R - I Rera, this relationship is not true for

alpha or beta rays.

The unit of radiation quantit.vy which is based on the amount

of ionization in air, about 2 billion each of positive and nega-

Zive ions per cubic centimeter at standard conditions 0-degreau

cuntigrade and 760 nv mercury. It is the anount that produceL

I. -:



Roentgen-
(cont'd.)

Scattered -

.l.iation

Specific - .
Activity

/ Wav Langth -

1.61 x 1012 ion pairs in I cc or one grtm of air, under

standard condition. This corxesponda co 83.3 e-z• of •

per gram of air.

Radiation whose direction has been alterel by i, intera

with matter.

The total radioaczivity of a given isotope per &r gavm

in curies/gram.

The 4istance between any two similar points of two consecu-

tive waves. Zxpressed in angstrom units or cm.
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6. (e) OPERATING AND EMERGENCY PROCEDURES



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

All ý'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 inlits 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)l
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 fortUse 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 s'ign
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. In the event another radiograpber
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. ,urn on red warning lights. These lights are strategically located
S• d:, ' at the entrance door to work area and at the double leaf door. Lights

/1 r' A 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 I0'0" 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. (See
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 processingarea 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 fina.1 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 telephonenumber
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. I 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 mreter, 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 1.0,
Part 20, Paragraph 20.403.
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'EMERGENCY OPERATING PROCEDURE (Continued)

EMERGENCY NO. 2 POCKET DOSIMETER READS OFF SCALE

1. Do not extrapolate.

2. Recharge dosimeter, ýcheck it after 15 minutes, repeat this
step. If it reads off scale both times, it is probably faulty.

3. 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.

4. 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.

5. Call H. B. Norris and notify him. of these results for his
evaluation before making any other exposures.

6. 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.

7. If film badge report substantiates dosimeter reading, the
radiographer will be sent to the corporation doctor with a

full report.

8. AEC will be notified in conformance with Title 10, Part 30,
Paragraph 20.403.

Scc tion 6 (e) Page 7


