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PANHANDLE EASTERN PIPE LINE COMPANY

O- Oeta^11NG a EMEaGENCY ea0CEouRES
FOR HANDLING OF BYPRODUCT MATERIAL

1.0 RADIATION SAFETY OFFICER

The Radiation Safety Officer is directly responsible for the radiation
protection program of Panhandle Eastern Pipe Line Company. He is
responsible for the use of byproduct material, for performing Industrial
Radiography, the Recording Surveillance and Enforcement of all phases of
radiation safety. The Radiation Safety Officer is the only one with
authority to issue or change Operating Procedures or Instructions.

The Assistant Radiation Safety Officer is responsible for the above, as
directed by the Radiation Safety Officer, or in the absence of the
Radiation Safety Officer.

2.0 EQUIPMENT OPERATION

Each radiographic exposure device and its method of operation is
described in the following paragraphs:

.2.1 Gamna Industries, Model "Ganna Century" - Capacity - 100
Iridium 192 EXHIBIT H,q curies -

V
This is a special lightweight unit using depleted uranium for
shielding material.

This unit consists of three (3) parts (storage safe, control
cables, and guide tube).

Size: 5-1/2" diameter, 8" high

Weight: 32 pounds

Guide Tube: Up to 23 f t. long

Control Cable: 25 ft. long

Operation:

(a) Remove the protector cap from the lock box, thereby exposing
the pigtail connector.

(b) Crank the control cable to a length of approximately six
inches (6"), and connect to the pigtail.

(c) Crank control cable in so that male connecting thread can be

Q screwed into lock box.
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o 2.0 EQUIPMENT OPERATION - Cont'd
Q)

2.1 Gama Industries, Model "Gama Century" Capacity - 100-

curies Iridium 192 EXHIBIT H - Cont'd-

Operation:

(d) Remove safety plug from protruding nipple approximately, one
inch (l") from top of unit and connect the guide tube.

(f) Place free end of guide tube in desired position, trying to
keep it in a straight line without kinks.

(g) Stretch control cable away from exposure device in as
straight a line as possible.

(h) Crank source out as smoothly as possible. When you feel
that source is approaching the end of guide tube, slow
turning speed so that pigtail does not bank into end of
guide tube.

(i) At end of exposure, retract source into the exposure device
by reversing the cranking action.

(j) Survey the exposure device and guide tube carefully to be
sure that source has returned to safe position.

(k) Additional exposures may be made in accordance with the
above instructions, but the exposure device must be locked
during the interval between exposures.

(1) Depress plunger lock.

(m) Disconnect source tube and insert safety plug.

(n) Disconnect control cables and replace protector cap.

The source replacement and storage is done in accordance with
manufacturer's instructions.

2.2 Technical Operations, Model 660 Capacity - 100 curies --

Iridium 192 EXHIBIT Q

Th'is unit has a lighweight portable storage safe using depleted
uranium for shielding material. The control unit, which includes
control cables and guide tubes, is removable from the exposure
device.

O

^
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2.0 EQUIPMENT OPERATION - Cont'd-
'

2.2 Technical Operations, Model 660 - Capacity - 100 curies -

Iridium 192 EXHIBIT Q - Cont'd

Size: 9-1/2" high x 4-3/4" wide x 12-3/4" long

Weight: 44 pounds

Guide Tube: 21 ft. long (three 7 ft sections)

Control Cable: 25 ft. long

Operation:

(a) Remove the storage plug from the projector connector.

(b) Lay out the guide tubes as straight as possible, directing
them toward the projector and connect.

(c) Lay out the control cable as straight as possible, directing
it toward the projector.

(d) Unlock the projector with the key provided and rotate the
selector ring to the " Connect" position.

O (e) Attach the control cable to the projector by sliding the
control cable collar back and open the jaws of the cable
connector.

(f) Engage the male and female portions of the swivel connector.

(g) Close the jaws of the control cable.
~

(h) Slide the control cable over the connector jaws.

(i) Hold the control cable collar flush against the projector
connector and rotate the selector ring from the " Connect"
position to the " Lock" position.

(j) Unlock the projector connector and rotate the selector ring
to the " Operate" position.

(k) At the control, rapidly rotate the hand crank in the
" Expose" direction. Continue to rotate the hand crank until
the source reaches the snout, which serves as a mechanical
stop for the source.

(1) Af ter exposure time has elapsed, rapidly turn the hand crank
in the " Retract" direction.

h(
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2.0 EQUIPMENT OPERATION - Cont'd

2.2 Technical Operations, Model 660 Capacity - 100 curies- -

Iridium 192 - EXHIBIT Q - Cont'd

Operation:

(m) Af ter exposure, conduct a physical radiation survey of the
guide tube and the exposure device subsequent to each
radio.;raphic exposure during a radiographic operation to
determine that the sealed source has returned to its safe
shielded position.

(n) At the projector, rotate the connector selector from the
" Operate" position to the " Lock" position.

(o) Additional exposures may be made in accordance with the
above instructions, but exposure device must be locked
during the interval between exposures.

(p) To disconnect, unscrew the guide tube sections. Insert
storage plug into position and tighten.

(q) Unlock the projector using the supplied key.

(r) Rotate the connector selector ring from the " Lock" position
p to the " Connect" position.
J

(s) Slide the control cable connector collar over the jaws away
from the projector.

(t) Open the connector jaws and disconnect the swivel-type
connector.

(u) Replace the storage cover in the projector connector and
rotate the selector ring to the " Lock" position. Remove the
key and engage the lock to secure th( projector.

The source replacement and storage is done in accordance with
manufacturer's instructions.

Capacity - 100 curies -2.3 Technical Operations, Model 900 -

Iridium 192 - EXHIBIT R

This gamma radiography system is used as a radiographic exposure
device and Type B shipping container. The exposure device serves
as the storage and transport device for the radioactive source
assembly. The exposure device consists of a steel housing which
contains a depleted uranium shield. The control unit, which
includes control cables and guide tubes, is removable from the
exposure device.

4497T
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2.0 EQUIPMENT OPERATION - Cont'd

2.3 Technical Operations, Model 900 Capacity - 100 curies- -

Iridium 192 EXHIBIT R

Size: 12.25" Long x 5.25" Wide x 7.75" High

Mass: 44 lbs (20kg)

Shielding: 28 lbs (13kg)
(Depleted Uranium)

Sourte Assembly: Model 90003

Type B Identification: USA /9141/B(U)

Control Unit Model 693

Type: Piston Grip

Standard Control 25 ft (7.6m)
Length

Odometer: Yes

Weight (Standard) 19 lbs (8.6kg)

O
Operation:

(a) Remove the storage plug from the projector connector.

(b) Lay out the guide tubes as straight as possible, directing
them toward the projector and connect. Source guide tube
will connect them with no sharp turns or bends. The bend
radius of the guide tube should never be less than twenty
inches. Shorter bend radii can restrict source movement in
the ' source guide tube.

(c) Lay out the control cable as straight as possible, directing
it towart! the projector.

(d) Unlock the projector, with the key provided, and rotate the
selector ring to the " Connect" position.

(e) Attach the control cable to the projector by sliding the
control cable collar back and open the jaws of the cable
connector.

(f) Engage the male and female portions of the swivel connector.

O
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s 2.0 EQUIPMENT OPERATION - Cont'd(d
2.3 Technical Operations, Model 900 Capacity - 100 curies- -

Iridium 192 EXHIBIT R - Cont'd

Operation:

Drive Cable Connector WARNING

Assure that the source assembly
is properly locked in the source
changer when connecting,
disconnecting or testing for
proper connection.

To Engage Connector To Disengage Connector

1. Using a fingernail, move 1. Using a fingernail, move the
the connector pin forward connector pin forward
(toward stored position (toward stored position of
of source) to move the source) to move the connector
connector sleeve away from sleeve away from the keyway
the keyway in the female in the female connector,
connector,

q 2. Slide the drive cable con- 2. Slide the drive cable con-U nector into the female nector out of the female ,

connector and release the connector and release the
pin. Assure that the pin,
connector sleeve has
returned to its original
position closing the keyway.

3. Test the connection by
pulling between the source
and the drive cable. (Note
WARDING)

CAUTION

Move connector sideways
only. Do not bend or twist. l

(g) Close the jaws of the control cable.

(h) Slide the control cable over the connector jaws.

(i)
Hold the control cable collar flush against the p' Connect"rojector
connector and rotate the selector ring from the
position to the " Lock" position.

(j) Unlock the projector connector and rotate the selector ring
O to the "operete" nositioa- '$rt the 4aatcator kaos un uatii

the indicator slide locks in place. The source is now free
I to move.
!
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2.0 EQUIPMENT OPERATION - Cont'd-

2.3 Technical Operations, Model 900 Capacity - 100 curies- -

Iridium 192 EXHIBIT R - Cont'd

Operation:

(k) At the control, rapidly rotate the hand crank in the
" Expose" direction. Continue to rotate the hand crank until
the source reaches the snout, which serves as a mechanical
stop for the source.

(1) Af ter exposure time has elapsed, rapidly turn the hand crank
in the " Retract" direction.

(m) Af ter exposure, approach the exposure device with the survey
meter. Make a physical radiation survey of the exposure
device on all sides and survey the guide tube subsequent to
each radiographic exposure during a radiographic operation
to determine that the sealed source has returned to its safe
shielded position.

(n) At the projector, rotate the connector selector from the
" Operator position to the " Lock" position.

(o) Additional exposures may be made in accordance with the
above instructions, but exposure device must be locked

(3 during the interval between exposures.

(p) To disconnect unscrew the guide tube sections. Insert
storage plug into position and tighten.

(q) Unlock the projector using the supplied key.

(r) Rotate the connector selector ring from the " Lock" position
| to the " Connect" position.
|

(s) Slide the control cable connector collar over the jaws away
| from the projector.

(t) Open the connector jaws and disconnect the swivel-type
connector.

! (u) Replace the storage cover in the projector connector and
| rotate the selector ring to the " Lock" position. Remove the

key and engage the lock to secure the projector.

The source replacement and storage is done in accordance with
manufacturer's instructions. EXHIBIT Q

O
|
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3.0 CHANGING SOURCES(j-
3.1 Source changing for the Gamna Industries Model " Gamma Century"

will be accomplished by the use of Gama Industries Model C-4 or
Model C-10 Source Changer. Manufacturer's instructions will be
followed. See source changing instructions for C-4 shipping
container and source changing instructions for C-10 shipping
container attached as a part of this Operating and Emergency
Procedure. (EXHIBIT C and EXHIBIT D)

3.2 Source changing or replacement for the Technical Operations
Exposure Device Model 660, Iridium 192 will be accomplished by
using the Technical Operations Source Changer Model 414 or 650.
Instructions contained in the Operations Manual for this unit
will be followed. See Operations Manual for Model 414 Source
Changer and Operating Instructions for Source Changer Model 650
attached as a part of this Operating and Emergency Procedure.
(EXHIBIT A and EXHIBIT B)

3.3 Source changing or replacement for the Technical Operations
Exposure Device Model 900, Iridium 192 will be accomplished by
using the Technical Operations Source Changer Model 850.
Instructions contained in the Operations Manual for this unit
will be followed. See Operating Instructions for Source Changer
Model 850 attached as part of this Operating and Emergency
Procedure. (EXHIBIT S)

O
4.0 SHIPPING INSTRUCTIONS

4.1 Use only Gama Industries Model C-4 or Model C-10 Source Changers
when returning old source which was used in a Gamma Century
exposure device to Gamma Industries, Inc.

4.2 Use only Technical Operations Model 414 or Model 650 Source
Changers when returning old source which was used in Technical
Operations Model 660 exposure device to Technical Operations, Inc.

4.3 Use only Technical Operations Model 850 Source Changer when
returning old source which was used in Technical Operations Model
900 exposure device to Technical Operations, Inc.

4.4 The step-by-step instructions issued by the manufacturer of the
container must be followed in detail and in the sequence
presented. These step-by-step instructions are included as a
part of this Operating and Emergency Procedure.

4. 5 Check to confirm that source is securely locked in the fully
shielded position by carefully performed and recorded radiation
surveys. These surveys shall be taken at the surface of the
shipping container and at one (1) meter and recorded on the
Shipper s Certification for Radioactive Materials. (EXHIBIT E)

O
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4.0 SHIPPING INSTRUCTIONS - Cont'd

4.6 No source changer with radiation levels in excess of 200
milliroentgens per hour at the surface of the source changer OR
10 milliroentgens per hour at one (1) meter shall be released 7or
shipment, as specified in Department of Transportation
Regulations.

4.7 Check package labeling and accompanying shipping papers to
confirm that they are complete.

5.0 RECEIVING INSTRUCTIONS

5.1 When receiving Byproduct Material, make arrangements to receive
the material when it is offered for delivery by the carrier.

5.2 When receiving material from a carrier terminal, arrangements
will be made to pick up material expeditiously upon receipt of
notification from the carrier.

5.3 Upon receipt of material, materials shall be monitored on the
external surfaces of the package for radioactive contamination.

5.4 No package shall be in excess of 200 millirems per hour on the
surface OR in excess of 10 millirems at three (3) feet from

o external surface.
U

6.0 INSPECTION AND MAINTENANCE PROCEDURE

| Visually inspect all of the exposure equipment before each day's work.
Correct any damage or malfunction before using the equipment. Report

' inspection on " Radiation Report" and " Description of Inspection and
Maintenance" forms. This Inspection and Maintenance will be as
follows: (EXHIBIT G)

Inspection: -

(a) Inspect cables for cuts, breaks, and broken fittings.

(b) Inspect source tubes for cuts, crushing and broken fittings.

| (c) Survey for excessive radiation levels.

(d) Inspect exposure device for damage to fittings, lock, fasteners,
and labels.

(e) Inspect crank for damage and loose hardware.

(f) Check operation of cable connections.

Q (g) Check operation of control for freedom of source movement.

4497T
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6.0 INSPECTION AND MAINTENANCE PROCEDURE - Cont'd
U,o

-

Maintenance

(a) Perform complete inspection and maintenance each three (3) months
according to manufacturer's procedures. For Gamma Century exposure
device, use Gamma Industries Inspection and Maintenance Procedure.
(EXHIBIT H)

(b) Perform complete inspection and maintenance each three (3) months
according to manufacturer's procedures. For Technical Operations
Model 900 exposure device, follow Section VII " Maintenance"
located in Instruction Manual. (EXHIBIT R)

(c) Perform complete inspection and maintenance each three (3) months
according to manufacturer's procedures. For Technical Operations
Model 660 exposure device, use Inspection and 11aintenance Procedure
No. 71-129. (EXHIBIT F)

(d) Report inspection on " Description of Inspection and Maintenance"
forms. (EXHIBIT I)

7.0 RADIATION SURVEY INSTRUMENTS AND METHODS

7.1 A calibrated and operable radiation survey instrument must be
Q used by Radiographer to make the necessary physical radiation
V surveys. Each instrument shall be calibrated at intervals not to

exceed three (3) months. These instruments shall have a range to
measure two (2) milliroentgens per hour through one (1) roentgen
per hour.

7.2 No testing operation shall be conducted unless a calibrated and
operable survey instrument is available and used at each site
where radiographic exposures are made. Survey instrument must
have been calibrated within the last three (3) months.

7.3 Each vehicle shall be equipped with a minimum of one (1)
radiation survey instrument that has been calibrated and
certified in the past three (3) months. Description of radiation
detection instruments:

- Victoreen Model 592-B
- Eberline Model E510G or E120G SKI
- Victoreen Radactor Model 500G
- Eberline Model E130G SKI or equivalent

7.4 Instrument calibration will be done by one of the following:

Panhandle Eastern Pipe Line Company (EXHIBIT 0)
Victoreen Instrument Corporation, Cleveland, Ohio
Eberline Instrument Corporation, Santa Fe, New Mexico

O Technical Operations, Radiation Products, Burlington, Mass.

4497T
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7.0 RADIATION SURVEY INSTRUMENTS AND METHODS - Cont'd

7.5 A physical radiation survey shall be made after each radiographic
exposure during a testing operation to detemine that the sealed
source has been returned to its safe, shielded position.

7.6 Before locking the radiographic exposure device, make a physical-

radiation survey to detemine that each sealed source is in its
shielded position. Keep a record of this survey and maintain it
for inspection by the Nuclear Regulatory Commission. (EXHIBIT J)

7.7 Each exposure set-up must be roped off (where applicable),
barricaded, and posted with four (4) " CAUTION RADIATION AREA"
signs designating the radiation area. The high radiation area
will be posted at the perimeter with " CAUTION HIGH RADIATION
AREA" signs. The use of the survey meter will detemine the
radiation area to be barricaded and the high radiation area shall
be detemined by calculations 100 mr/hr level. This is to avoid
unnecessary exposure to the Radiographer. Restrict the radiation
at the perimeter of the radiation area to 2 mr/hr or less and the
high radiation area to 100 mr/hr. The Radiographer in charge
must remain in a position to pemit continuous surveillance of
the radiation area. He will be prepared to secure source if
anyone attempts to enter the radiation area.

p 8.0 SECURITY OF SOURCES IN STORAGE AND TRANSPORT TO FIELD LOCATIONS
v

8.1 The Gamma Century, the Technical Operations Model 660 and the
'Technical Operations Model 900 exposure devices shall have no

radiation level in excess of 50 mr/hr at six inches (6") from any
exterior surface of the device. Source Changers Technical
Operations Model 414, Model 650 and Model 850, and Gamma '

Industries Model C-4 and Model C-10 shall have no radiation level
in excess of 200 mr/hr at any exterior surface and shall not

,

exceed 10 mr/hr at one meter from any exterior surface, l

l
8.2 Each radiographic exposure device and storage container shall be |

provided with a lock or outer container designed to prevent
unauthorized or accidental removal or exposure of a sealed
sou rce. They shall be kept in a locked condition at all times
except when in use and under surveillance of a Radiographer or
Radiographer's Assistant. .

8.3 When the radiographic exposure device is not in use, the
radiographer shall lock the storage container, in which sealed
sources are stored, in the compartment on the truck which is

)designed for this purpose. Secure the compartment from entry by'

unauthorized personnel by locking. The storage compartment shall
be locked at all times except when attended.

I.

O
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O 8.0 SECURITY OF SOURCES IN STORAGE AND TRANSPORTED TO FIELD LOCATIONS -V Cont'd
!

8.4 Before leaving the vehicle, Radiographer in charge will:

(a) Lock the exposure device.
(b) Lock the exposure device in the truck compartment.
(c) Lock the vehicle in which the device is stored.

9.0 TRANSPORTING SEALED SOURCES

9.1 When an exposure unit containing a source is transported to a
field location, it must be securely fastened in the transporting
vehicle as far from the driver as possible. The transporting
vehicle must bear a placard stating " CAUTION RADI0 ACTIVE
MATERIAL". (EXHIBIT K)

9.2 Add additional shielding, when necessary, to restrict the
radiation level reaching the driver of the vehicle to less than
one (1) mr/hr and to restrict the level of radiation emanating
from any portion of the vehicle to less than two (2) nr/hr.
These levels of radiation shall be determined by careful surveys
and reading recorded on the daily report. (EXHIBIT J)

O 10.0 PERSONNEL MONITORING EQUIPMENT

10.1 Each Radiographer or Radiographer's Assistant shall wear a film
badge and a pocket dosimeter. The pocket dosimeter must be
capable of measuring doses from zero to at least 200
millroentgens. A film badge and dosimeter shall be assigned to
and worn by only one (1) person. Pocket dosimeters shall be
recharged before each work day and doses recorded at the end of
each work day. Pocket dosimeters must be read frequently
throughout the working day so the Radiographer or Radiographer's
Assistant will be aware of the radiation dose he is receiving.
Radiographers and Radiographer's Assistants must keep assigned
dosimeter and film badge in their possession to avoid theft,
tampering, or exposure by other Radiographers. The film badge
shall be returned for processing each month.

10.2 If at any time the Radiographer or Radiographer's Assistant finds
that his pocket dosimeter has gone off scale, the individual
shall immediately shut down operation of the work site, clear the
area, secure equipment, and immediately notify the Radiation
Safety Officer. At such time, the individual's film badge shall
be processed imediately.

| 10.3 Dosimeter calibration will be done by one of the following:

| Panhandle Eastern Pipe Line Company (EXHIBIT N)
Victoreen Instrument Corporation, Cleveland, Ohio

,

Eberline Instrument Corporation, Santa Fe, New Mexico6

Technical Operations, Radiation Products, Burlington, Mass.

4497T
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O 10.0 PERSONNEL MONITORING EQUIPMENT - Cont'd

10.4 Film badges will be supplied and processed monthly by:

R. S. Landauer Jr. & Co.
Science Road
Gl enwood, Illinois 60425

10.5 Each Radiographer will wear a pocket dosimeter and film badge.
Daily records will be kept of the dosimeter readings and film
badges will be processed monthly. Pocket dosimeters will be
supplied by either:

Victoreen Instrument Corporation
Model 541A pocket dosimeter

Bendix Corporation
Model 06-862 pcoket chamber

Landsverk Electro Mater Company
Model U-750

11.0 EMERGENCY PROCEDURES

11.1 In case of a road accident involving a vehicle, or any type of
O ecc4deat coate4aias brProduct meteriei. tne redio9rePaer must

immediately conduct a radiation survey to determine if the source
container or exposure device has been damaged. If damage has
occurred, the same precautions used for a temporary exposure area
must be put into effect; i.e., barrier ropes, signs, and
continuous surveillance until a safe recovery can be affected.
The Radiographer must remain at the scene of the restricted area
after all precautions have been set up.

11.2 In the event the Radiographer is injured in such an accident and
is unable to physically perfonn the required surveys and ara
restrictions, he should assist the civil authorities by
direction, if possible.

12.0 NOTIFICATION OF ACCIDENTS

12.1 The Radiographer, his Assistant, or whomever may be available
shall report to K. F. L. Dohrman or S. R. Griffin, as soon as
possible by telephone. Mr. Dohnnan will notify the cognizant
authorities, and if practical, effect the safe return of the
byproduct material to a suitable vault or shield.

K. F. L. Dohrman - Office: 913/341-1400 Overland Park, Kansas
- Home: 913/782-3544 Olathe, Kansas

S. R. Griffin - Office: 316/624-7241 Liberal, Kansas
- Home: 316/624-5446 Liberal, Kansas

o
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O iz o "oriric^ Tion or accioe"Ts - coat'd

12.2 In the event of any type of accident causing damage to the
isotope camera or storage container that may result in exposure
to personnel (unit dropped, cable sheared, camera drive jamed,
etc.) the same emergency procedures and notifications described
in Sections 11.0 and 12.1 are to be followed. Mr. K. F. L.
Dohman or Mr. S. R. Griffin will notify the regional Nuclear
Regulatory Commission Office, if emergency warrants.

,

13.0 UTILIZATION LOGS

13.1 The Radiographer must complete a " Radiation Report" daily. If
radiography is perfomed at different locatons, use additional
foms, one for each location. He will fomard the original to
the Overland Park Office weekly and retain a copy. (EXHIBIT J)

13.2 The infomation required by the " Radiation Report" shall be kept
available for inspection by the Nuclear Regulatory Comission.

14.0 LEAK TESTING OF SEALED SOURCES

14.1 Leak testing of sealed sources for use in radiography shall be
n conducted at intervals not exceeding six (6) months, or more
V often if reasonable cause exists, by the procedure capable of

detecting the presence of .005 microcuries of removal
contamination on the exposure device, storage container or sealed
sou rce. Records of leak test results shall be kept in units of
microcuries and maintained for inspection by the Nuclear
Regulatory Comission, in the Overland Park Office,10890 Benson
Drive, Building 24, Suite 360, Overland Park, Kansas 66212.

14.2 Radioactive sources not returned to the manufacturer (within six
months) shall be leak tested in the following manner using
Tracerlab.Model LT-2 Leak Test Kit or Technical Operations Model
518 Leak Test Kit: (EXHIBIT M)

(a) Use survey meter to be sure the source is fully retracted
into the exposure device.

(b) Remove the guide tube or shipping plug from the face of the
shield.

(c) Wet the swab with Alconox solution, shake off the excess,
and insert the swab in the hole in the shield. Wipe the
interior of the hole thoroughly (as near the source as
possible) by rotating the swab holder. ~

(d) Withdraw the swab and place into the plastic envelope.

(e) The swab should now be monitored by the survey meter set on
its most sensitive range. Place the meter in a low
background area and move the swab in its plastic envelope to

,

'the meter - NOT the meter to the swab.
4497T
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Q 14.0 LEAK TESTING 0F SEALED SOURCES - Cont'd

(f) Each qualified Radiographer will be responsible for,

perfoming the function of swabbing for leak testing.
'

(g) If there is no indication on the meter, or if the indication
is no more than 0.2 mr/hr above background, put the plastic

.

env' elope with the swab into the mailing box supplied. Mail
to the appropriate vendor for processing.!

i

I NOTE: Be sure to fill out and return the Leak Test Record
supplied. (EXHIBIT L)

(h) If the swab shows more than 0.2 mr/hr, do not mail. Do NOT
use the unit for radiography. Replace all storage locks and
notify K. F. L. Dohman or S. R. Griffin for specific

'

instructions.

$

14.3 Leak testing of all sources or instruments will be accomplished
by outside agencies approved or qualified to perfom such
testing. Radiographers are authorized to swab equipment and

' follow directions of the agency which will perfom tests.
Agencies to perfom such tests are:

Technical Operations, Inc., Burlington, Massachusetts
O use of their Model 518 teak Test Kit

Tracerlab Model LT-2 Kit

15.0 P0CKET DOSIMETER CALIBRATION

15.1 General Requirements

(a) Pocket dosimeters shall be calibrated at intervals not to
exceed one (1) year.

(b) Each qualifying Radiographer will be responsible for
perfoming the function of calibrating instruments.

(c) Pocket dosimeter calibration shall be accomplished using the
Tech / Ops Model 773 Instrument Calibration Device (EXHIBIT P).

(d) Pocket dosimeters shall be calibrated by measuring the
response to a known exposure. The dosimeter's response
should be checked at 25%, 50% and 75% of the full scale
reading (0 to 200 mr dosimeters should be checked at 50 mr,
100 mr, and 150 mr). A dosimeter will be considered in
satisfactory calibration if its response is with + 30% of
the known exposure. Additionally, dosimeters shat 1 be
checked for leakage. If the dosimeter drifts more than 2%

Os of full scale in 24 hours, it shall be considered
unsatisfacto ry.

,
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Q 15.0 P0CKET DOSIMETER CALIBRATION - Cont'd

15.2 Procedure for Calibrating Pocket Dosimeters

(a) Determine the points to be checked for the dosimeter to be
calibrated. Detennine the exposure time necessary to obtain
the required exposure.

(b) Initially charge the dosimeter and note the initial
reading. Place the dosimeter in the calibrator and expose
for the required time.

(c) Read the dosimeter and record the net reading on the
Dosimeter Calibration Record Sheet (EXHIBIT N). Repeat this
procedure for the remaining points.

(d) Recharge the dosimeter and note the reading. Place the
dosimeter in a low background area for at least 24 hours and
record the leakage rate on the Dosimeter Calibration Record
Sheet.

(e) If the dosimeter is in satisfactory calibration, attach a
calibration decal to the dosimeter indicating the date of
calibration and the calibration due date. If the dosimeter
is not in a satisfactory calibration, return the dosimeter
to the Radiation Safety Officer with the Dosimeter

O c "br t'oa aecord sheet-

16.0 CALIBRATION OF SURVEY METERS

The calibration device and its operation is described in the following
paragraphs:

TECH /0PS MODEL 773 INSTRUMENT (EXHIBIT P)

16.1 General

The Model' 773 is a portable survey instrument calibration
device. The unit consists of a 150 millicurie Cesium 137 source
pennanently attached to a movable source rod which is installed
in a lead shield casing. The source is exposed by raising the
source rod which positions the source in a 36* x 20* collimated
beam port.

Size: 5 in (12.7cm) wide, 5 in (12.7cm) deep, 8.5
in (21.6cm) high

Weight: (with attenuators) 52 lbs (24 kg)
(without attenuators) 45 lbs (20 kg)

Source: Model 77302, Cesium 137, 150 millicuries

Transport Status: DOT Specification 7A Type A package

Shielding Material: Lead. Approximately 29 lbs. (13 kg)

4497T
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16.0 CALIBRATION OF SURVEY METERS - Cont'd

16.3 All personnel operating tne equipment will use a calibrated and
operable survey instrument and wear appropriate personnel
monitoring devices. Place the source shield in a restricted area
so that the directional port is aimed horizontally. To minimize
the effects of scattered radiation, the unit should be 16 feet
from any well in the direction of the primary beam.

Restrict access to the area where the radiation level is in
excess of 2 milliroentgens per hour.

16.4 To properly calibrate a survey instrument it is necessary to
check the instrument's response at two (2) points on each of the
instrument's ranges. These points must be separated by at least
50% of the full scale reading. The instrument reading should
agree with the actual radiation intensity within 10% to be in
proper calibration.

The following procedure is designed for a survey instrument with
three (3) scales and a range of 0-1000 mr/hr. For instruments
with different ranges, the procedure will be similar but the
points will differ.

Procedure to Calibrate and Use

Q (a) Turn on the survey meter and allow it to " warm up" for
approximately 10 minutes.

(b) Detennine the activity of the source on the date of
calibration from the decay chart provided with the source.

(c) Calculate the distance from the source at which the
radiation intensity would be 800 mr/hr.

(d) Using the tape measure attached to the Model 773, place the
survey meter such that the axis of the detector is located
at the proper distance from the soun:e as determined above.

I

NOTE: The survey meter should be located so that the center of the
detector is at the correct distance and centered on the center
line of the radiation beam. The axis of the detector should be
perpendicular to the centerline of the radiation beam.

,(e) Unlock the handle of the Model 773. Remove the shipping
plate. Remove all the attenuators from the radiation beam. ;

(f) Standing away from the radiation beam, expose the source by
manually raising the soun:e rod. Movement of the source rod
should be accomplished as expediciously as practicable.
Note and record the survey meter reading and return the
soun:e to the stored position.

CAUTION: Do not enter the area of the radiation beam while the source
is exposed.

4497T ,
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g 16.0 CALIBRATION OF SURVEY METERS Cont'd

16.4 Procedure to Calibrate and Use - Cont'd

(g) Place the 0.25 attenuator in the radiation beam. Repeat
Step (f). The actual intensity is 200 mr/hr.

(h) Remove the 0.25 attenuator from the radiation beam and place
a 0.10 attenuator in the radiation beam. Repeat Step (f).
The actual intensity is 80 mr/hr.

(t) Place the 0.25 attenuator in the radiation beam. Repeat
Step (f). The actual intensity is 20 mr/hr.

(j) Remove the 0.25 attenuator from the radiation beam and place
the other 0.10 attenuator in the radiation beam. Repeat
Step (f). The actual intensity is 8 mr/hr.

(k) Place the 0.25 attenuator in the radiation beam. Repeat
Step (f). The actual intensity is 2 mr/hr.

At the end of calibration operation, use survey meter to insure
that source rod is in place. Replace the lock on handle and
secure. Remove key. <

! Calibration Unit will be sent to vendor for source replacement in

Q accordance with manufacturer's instructions.,

!

16.5 Recortis
i

! After eacn instrument has been calibrated or servicing has been ;

done, a record will be filled out and placed on file (EXHIBIT 0).
~

A decal shall be placed on instrument indicating the calibration
; date and calibration due date.
|

| Each qualifying Radiographer will be responsible for performing i

the funtion of calibrating instruments.

16.6 Procedure for Leak Testing

The Teghj0ps Model 773 Meter Calibration Kit contains aCesium 13 sourt:e which must be leak tested at intervals not to!

exceed six (6) months. This may be accomplished using the '
i

Tech / Ops Model 518 Leak Test Kit or Tracer Lab Hodel LT-2.

| (a) Place the Model 773 calibrator in a restricted area. |

(b) Remove the lock and rotate the handle from the top of the
source rod. Remove the shipping cover.

(c) Moisten leak test seal with EDTA solution. Blot off excess.

(d) Wipe around the top of the source rod.

4497T|
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(] 16.0 CALIBRATION OF SURVEY METERS Cont'd

16.6 Procedure for Leak Testing - Cont'd

(c) Standing away from the beam port, raise the source rod to
the open position and wipe the exposed source rod thoroughly.

(f) Place the leak test swab into the plastic envelope.

(g) Set the survey meter on its most sensitive range and place
the meter in a low background area. Move the swab, in its
plastic envelope, to the meter, NOT the meter to the swab.

(h) If there is no indication on the meter, or if the indication
is no more than 0.2 mr/hr above background, put the plastic
envelope, with the swab, into the mailing box supplied.
Mail to the below listed address:

Panhandle Eastern Pipe Line Company
10890 Benson Drive
P. O. Box 12330
Overland Park, Kansas 66212

ATTENTION: K. F. L. Dohnnan

NOTE: Be sure to fill out and return the Leak Test Record
O suPP ied- (exarstr ')i

(i) If the swab shows more than 0.2 mr/hr, do NOT mail. Do NOT
use the unit. Replace all storage locks and notify K. F. L.
Dohnnan or S. R. Griffin for instructions.

17.0 SECURITY AND STORAGE OF CALIBRATION UNITS

17.1 The Tecn/ Ops Model 773 calibration device shall have no radiation
level that exceeds more than 200 mr/hr at the surface and less
than 10 mr/hr at three (3) feet from the surface.

.

17.2 The calibration unit shall be provided with a lock or outer
locked container designed to prevent unauthorized or accidental
removal or exposure of a sealed source. It shall be kept in a
locked condition at all times, except when in use and under
surveillance of a Radiographer or Radiographer's Assistant.

17.3 The calibration device unit shall also be placed in container
made of at least 1/8" steel plate and lined with a shielding
material so there is no radiation level to exceed 2 mr/hr at
surface. Container shall have a lock to prevent tampering or
removal of unit by unauthorized personnel.

O

4497T
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Q 18.0 PERMISSIBLE DOSE LEVELS

(. 18.1 Limits on radiation dosage per calendar quarter (13 week period)
' are:

(a) Whole body, head and trunk, active blood forming organs,
i lens of the eyes, or gonads ---------- 1.25 roentgens

(b) Hands and foreams, feet and ankles -- 18.75 roentgens '

|

| (c) Ski n of the whol e body --------------- 7.50 roentgens i

18.2 Radiographers will receive no more that 1.25 roentgens whole body
dosage per calendar quarter.

18.3 Company considers all radiation dosage to be whole body.
|

19.0 INTERNAL INSPECTION SYSTEM OR OTHER MANAGEMENT CONTROL

19.1 Periodic inspections will be conducted by K. F. L. Dohrman,
Radiation Safety Officer, and in his absence, by S. R. Griffin,
Assistant Radiation Safety Officer. These inspections will be
quarterly and unannounced. Inspections will cover the following:

.O'

(a) The actual operations

(b) Inspecting Radiographers and Radiographer's Assistants to
see if they are following the guidelines set forth in the
Operating and Emergency Proceduras

(c) Auditing all procedures of receiving and shipping of sources

(d) Auditing and inspecting quarterly maintenance

(e) Inspections and inventory of sources and equipment <

(f) Maintaining and reviewing the utilization logs, personnel ,

monitoring results and surveys

19.2 The Radiation Safety Officer will assume control in instituting
corrective action of all Radiographers and Assistant
Radiographers as set forth in all phases of the Operating and
Emergency Procedures and U. S. N. R. C. License.

<

19.3 The Radiation Safety Officer will maintain and keep all records !

| pertaining to the Nuclear Regulatory Coemaission Licenses.
I i

Attached is the list of Management Personnel who may at any time audit

O or inspect all the files and records kept and maintained by the !

Radiation Safety Officer. This shall be done on an annual basis. .

4497T
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PANHANDLE EASTERN CORPORATION

! DIlkECTORS
; O
' Name Address

Robert J. Allison, Jr. 5618 Green Springs, Houston, TX 77066

j g M. O. Boring, Jr. P.O. Box 3427, Odessa, TX 79760

Harry E. Ekblom 350 Highland Avenue, Ridgewood, NJ 07450

Harold S. Hook 2204 Troon Road, Houston, TX 77019

Robert D. Hunsucker 11946 S. Durrette, Houston, TX 77024

Max R. Lents 3260 Chevy Chase, Houston, TX 77019

John A. Morgan Big Owl Road, Allenspark, CO 80510

William M. Osborne, Jr. 1 Pepper Ridge Road, Pepper Pike, OH 44124

Richard L. O' Shields 10 South Briar Hollow Lane, #95, Houston, TX
77027

James B. Pearson 1642 30th Street, NW Washington, D.C. 20007

Thomas Podd Byram Lake Road, Mount Kisco, NY 10549
O

Gerald C. Smith 2425 Tracy Place, NW Washington, D.C. 20008

O

O
,

O

5/22/84
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PANHANDLE EASTERN PIPE LINE COMPANY

OFFICERS

Name Title Address

Richard L. O' Shields Chairman of the 10 South Briar Hollow Lane, #95
Board Houston, Texas 77027

,

i

! Robert. D. Hunsucker President and 11946 South Durrette
| Chief Executive Houston, Texas 77024
! Officer

Robert J. Allison, Jr. Group Vice President 5618 Green Springs
Houston, Texas 77066

W. P. Anders on Group Vice President 239 Tamerlaine
Houston, Texas 77024

Kenneth E. Kalen 3roup Vice President 8001 El Monte
Prairie Village, Kansas 66208

G. J. Kurk Group Vice President 10 South Briar Hollow Lane, #18
Houston, Texas 77027

T. B. Irwin Senior Vice 8018 Candle Lane
President, Finance Houston, Texas 77071g

V
Vernon D. Rigdon Senior Vice President 10035 North Charlotte

and Treasurer Kansas City, Missouri 64155

Harry S. Welch Senior Vice President 10611 Twelve Oaks
and General Counsel Houston, Texas 77024

Cyril J. Smith Vice President and 7534 Del Monte Drive
Secretary Houston, Texas 77063 :

,

H. R. Newsom Vice President 5631 Inwood Drive
Houston, Texas 77056

J. F. Schomaker Vice President 1902 Augusta Drive, #34
Housten, Texas 77057

H. E. Schulze, Jr. Vice President 510 Winter Oaks
Houston, Texas 77079

S. A. Wallace Vice President 355 Tealwood |

Houston, Texas 77024 I

Vernon D. Rigdon Assistant Secretary 10035 North Charlotte
and Assistant Kansas City, Missouri 64155
Controller

E. B. Dawson Assistant Treasurer 6127 Lynbrook
and Assistant Houston, Texas 77057
Secretary

1

5/22/84
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PANHA@LE EASTERN PIPE LINE COMPANY

TRLAKLINE GAS COPFANY
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SENIOR VICE PRESIDENT
OPERAT10f3

E. O. Nelson

ADMINISTRATIVE
AS$1STANT

Linda fler

I I

MANAGER VICE PRESIDENT

GAS CONTROL OPERATIONS TRANSMISSION O

R. E. Sharp J. N. laitte

[I I I |

$.-tGAS CONTROL OPERATIONS PLANNING AND FORECASTING MANAGER MANAGER MANAGER MANAGER
UNDERGROUND STORAGE COPMUNICATIONS TRANSMISSION TRANSMISSION SERVICES -
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__
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HOUSTON HOUSTON R. G. Clausing G. J. Cuele D. A. Staley 8. A. Trivedi @
O
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J. w. Do m e G. C. Gries._,

R. D. Suffron
MANAGER MANAGER

DIVISION III __ DIVISION IV

D. D. Holcont> J. C. Stansbury

x
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TECHNICAL OPERATIONS

A. B. Bartoszek

i

I
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,

SENIOR SECRETARY

, Kathy Fue
;
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I
OSUPERINTENDENT CHIEF CORROSION ENGINEER 9'|TECHNICAL SERVICES 1

V. L. Johnston 2
A. R. Good ys

E
Es*PLANT MAINTENANCE & OPERATING MEASUREMENT FACILITIES GAS & LIQUID PROCESSING

PROCEDURES Q
STAFF SUPERINTENDENT g

STAFF SUPERINTENDENT STAFF SUPERINTENDENT E. F. Foster -1
C. B. 8 pit ck R. S. Heusel

s

CONTROLS - ENGINE PERFORMANCE - CODES - PROCEDURES - BUILDINGS
NEW FRODUCT EVALUATION

STAFF SUPERINTENDENT STAFF SUPERINTENDENT'

H. E. Strecker K. W. Richardson

WELDING TECHNICAL WRITER

TECHNICIAN

K. F. L. Donrhun J. L. Boston

..

s1
W.
C1
C.J

l
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O INDEX OF EXHIBITS

EXHIBIT A Model 414 Source Changer - Operation Manual

EXHIBIT B Model 650 Source Changer - Operating Instructions

f EXHIBIT C Model C-4 Shipping Container - Source Changing Instructions

EXHIBIT D Model C-10 Shipping Container - Source Changing Instructions k

EXHIBIT E Panhandle Eastern Pipe Line Company Shipping Certification for
Radioactive Materials

EXHIBIT F Inspection and Maintenance Procedures NO. 71-129

EXHIBIT G Technical Operations Ganvaa Ray Projector Daily Checklist

EXHIBIT H Gamma Industries Model Gamma Century S and SA

EXHIBIT I Inspection and Maintenance Record

EXHIBIT J Panhandle Eastern Pipe Line Company Radiation Report N0. PE-125

EXHIBIT K Typical X-Ray Unit

O EXHIBIT L Leak Test Record

EXHIBIT M Tech / Ops, Inc. Leak Test Kit Model 518

EXHIBIT N Dosimeter Calibration Certificate

EXHIBIT U Meter Calibration Certificate

EXHIBIT P Technical Operations Model 773 Instrument Calibration Device
Operation Manual

EXHIBIT Q Model 660 Series Exposure Device - Operation and Maintenance
Manual

EXHIBIT R Model 900 Exposure Device - Technical Operations Manual

EXHIBIT S Model 850 Source Changer - Operating Instructions
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DESCR TION

(V
s

! )
CENE. PURPOSE 'u

The Technical Operations Model 414 Iridium Source

Changer is a shielded shipping and storage container *

designed to permit field exchange of old for new *

sources without exposure to the operator to unsafe **

radiation levels. Regulation, Washington 25, D. C. Your application,

in letter form, should specify by whom and under
$PECIFICATIONS

what conditions source exchanges are to be rade.

Refer t this Instruction Minua! for detal led pro-1 New weight: 175 lbs.

2. Maximum safe contents: 100 curies Iridium *

3. Surface radiation: Less than 2 milli-
pr cedures manual.roentgens per hour per curie

4 Built in accordance with 1.C.C. SPEC 55. Packed with each Source Changer you will
find,

' PARTS AND THElR TERMINOLOGY
1. Source decay chart and leak test

1

N cer t i fi ca t ion . Keep for your records._ . - .

'I '' 1. f || 2. Source identi fication plate. Fasten
"'

to your projector.

,:-.- ;l . .J.
* *', 3 Return shipping labels. *

3' "
g -

,
,

'T b 4. Tamperproof seals.

\\
XM''.=. 2.? ~~ ~ }

5. Instruction manual.="
'

;.9- OPERATlHG INSTRUCTIONS
'

N. 2.*

X REMOVING THE OLD SOURCE FROM YOUR PROJECTOR
PLEASE NOTE [ |

1. Posi tion the source changer 3
tn

The Atomic Energy Comission forbids the use of
,

. _
and projector where the source ]

this equipment and the exchange of sources unless h may be exposed safely. L oc a t e >'

the user is specifically authorized by the terms the source changer so that one,

of his license. sec t ion of source tube reaches
If you are not authorized to nake source changes - between the fittings on the

contact the Picker X-Ray Corporation. Trey have changer and projector. Remove

_ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ . -__-__
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ymg / O.
'

O) I i
U INSTALLING THE HEJ SOURCE IN YOUR PROJECTOR. (v)

so.arce changer cover. Fasten 'T- i 1. Remove cap and hold down rod%
a-

tFe source tube to the projector [ fran the channel containing the
*

and to the EMPTY channel of the '

new source. Open source guides,:sj ,,,

source changer. Note radiation ['sx hm E Fasten the source tube to this

level at source changer. It channel and engage drive cable

should not be higher than 2 MR/HR '''' terminal to connector of new-

per curie contained,
s ; source by retracting the locking

'

1 sleeve and inserting the termi-"
2. Crank the source f rom the pro- 7T ,

nal. Release the locking sleeve
,

--
g

jector into the source changer.
. -

. _ Manitor this operation with your
.

MMM_
and allow it to come forward.

:

"} ' survey meter, and be sure the - 3 The connector should now appear"

'Ns %> 'N s

\']
.

QQg source is propelled into the source
; ., if as in FIGURE 2.

e x
s

- changer as far as it will go. The L .. .w- /l\'' -

.,%_g s -

"

radiation levels at the source

2. Close the source guides. Crankchanger should not be higher than

2 MR/HR per curie now contained, the control to retract the new
''

E.'. Source into the proj ec tor. Non-
3. Open the source guides and dis- D itor this operation and be sure

connect the source assembly from
- the source is fully retracted.

. = - 'g g the drive cable. See FIGURE I. A a*e %'J. .

F
Radiation levels at the projec-

'

The locking sleeve must be retrac-
tor should now be coreparable wi th

[ 7 $' ted by moving the actuating pin in\
normal operation.

& the direction shown. The thumbnail...

a coin or key may be used. This 3 Remove t he ol d sou rc e i den t i f i - g
x

permits the drive cable terminal to cation plate from the prnjector ]
cm

and affix it with seal wire tobe moved sideways out of the hole,

- freeing it from the connec tor. the source changer channel con- p.

'' g m i:"

y'
'

' le . Remove source tube f rom the source
,1 taining the old source.: w

- ,

x,, s

( x ( 1, changer. Close source guides and,
.c 1%

| E _ )_N'. replace cap and hold down rod.
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i -

I
.

! O O O
; 4. Affix the new source identifi- " '

, ,,,

cation plate to the projector. l oCKING 88. E E V E.
'

Y
,

Acruarine Psu--- y ,

5. Replace the source changer cover. Movt -e- To RatcAsc /
Tighten bolts and seal with [ _,

*

* ~~
tamperproof seal provided. Apply -

g

~ ]''E L]. labels provided and return to . , '
t

.

Technical Operations, Inc. Con-c

: tainers not returned to Technical \

f . ..m - - - Operations. Inc. are subject to T

-

M
.

Move to
''"' ' ' " ' '

) f DISENGAGE

Upon receipt of your returned .

FIGURE 1. DISENGAGING CONNECTORsource. Technical Operations, Inc. ;.

will mail you an acknowledgment of

receipt. Keep this receipt for

your records.

;

SAFETY During the process of transferring sources

to observe the same precautions with respect to moni-
,

toring activity and restricting personnel as you 7 , g ,

employ in making radiographic exposures.
'

.

'
/

i CARRANTY Technical Operations, Inc. guarantees the /
d

{ equipment to be free of defects for a period of one . I

year from the date the equipment is received.

k O
'

b, 3Technical Operations does not assume responsibility

or liability for the misuse of radioactive material. 9Y. FIGURE 2.
, tD
; ~

; -4 ,
.

j 4 * I. D ' 3=

if M ConNEcroa ENGAGED
'*)g,. . AFebruary 1963
. 4! %4

*

l
._

Q
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COVER

SOURCE CONT AINER

I Model 650 Source Changee
1

(Source in a chamber - Parts identification)

i

NOTICE

This container is for shipping only licensed sources of Tech / Ops, Inc. No
| attempt to use the equipment should be made unless the user is thoroughly

familiar with the instructions in this manual.

USER WAIVER AGREEMENT
4

|
, The user agrees that Tech / Ops Inc. is not liable for any claims alleged to

be due to use of the product. jj ;

| ! The NRC forbids the use of this equipment and the exchange of sources !

| f unless the user is specifically authorized by the terms of his license.

| If user is not authorized to make source changes, contact Tech / Ops, Inc.

[ lt has licensed personnel that can perform this operation. If user wishes to
be licensed to perform source changes. application should be made to the,

Materials Branch, Of fice of Nuclear Safety and Safeguards U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555. The application, in letter C

I form, should specif y by whom and under what conditions source exchanges 3
)

are to be made. Refer to this instruction manual for detailed procedures. $
i i Additional copies may te obtained for incorporation in your operating -4

| | procedures manual. co

| Psior to the first use of this source changer, the user, in addition, should ,

register as such with the Transportation Branch. Office of Nuclear Safety ,

and Security, U S. Nuclear Regulatory Commission. The user should have in [,

{
his possession a copy of Certificate of Compliance No. 9032 issued for this
source changer.

.

_ _ _ - _ _ _ _ .



O oeEaAriON OGENERA SCRIPTION
The Source Changer Model 650 is a portable, shielded container for NOTE: All the precautions used when making radiographic expo-
transferring encapsulated radioisotope sources into radiography pro- sures must be followed,
jectors. The changer is designed to safely contain the radiographic Wear personnel monitoring devices during all source changing opera-.

sources during shipment and to permit field exchange of old for tions. Monitor all operations with a calibrated, operable survey meter.
new sources without exposing the operator to unsafe radiation levels.
The source changer has depleted uranium for shielding. 1. Upon receipt of the source changer, survey the source changer.

to ensure that the source is in the proper storage position.
QUICK REFERENCE DATA 2. Locate the source changer and projector in a restricted area.

Source Types Sealed sources (Tech / Ops sources only) L cate the devices so as to avoid sharp bends in the guide tube
r c ntrol housing.isotope: Iridium-192

Radiation: Gamma rays
se no anoius

Container capacity Iridium-192: 200 Curies + 20% uor tess rHan

Shielding Depleted Uranium (U238), weight 35 lbs. / '

'
,

36 INCHES 20 INCHES
Housing Steel f N
Design Type B Radioactive Material Shipping Con- I 'coggot c,,gTo sounCc cuioe Tuise

tainer (USNRC Certificate of Compliance -- --

No. 9032 and I AEA Certificate of Com-
petent Authority No. USA /9032/B(U)T Typesi sovecumcw Anangenet

,

'
Effective radiation Well below regulatory mR/hr limits pre- 3. Set the projector as for an exposure.
shielding scribed in 10CF R34.21 and 49CF R- 4. Remove the cover from the source changer by breaking the seal

) 173.393(i) wire and removing the bolts.
Dimensions 13% in. H X 10 in. L X 8% in. W 5. Remove the source holddown cap by breaking the seal wire and
Shipping weight 66lbs. unbolting.

CAUTION: When the source holddown cap is removed, the'

SHIPMENT DATA source connector is exposed. Care must be taken to ensure
1. Source decay chart and leak test certification. Keep for user's the source is not dis!odged when handling the changer.

records- 6. Connect one end of a guide tube extension to the projector
2. Source identification (lD) plate. Affix to user's projector. and the other end to the fitting above the empty chamber in the
3. Return shipping labels. source changer.
4. Tamperproof seals. 7. Close and latch the source guides.,

]
5. Instruction manual. 8. At the projector controls, crank the source from the projec--

) tor to the source changer.
9. Approach the projector with the survey meter. Survey the pro- gI

*
jector on all sides, survey the guide tube and survey the source g
changer on all sides to ensure the source has been properly a
transferred. The maximum radiation level at the source a,

changer should be less than 200 milliroentgens per hour at
contact.

[
t

.

I



13. OpenOsourco suides. Disconnect the driva cebie from the O 22. ueeseretheredietieeieveith,eefeetfromciicxie,.C,fece,
sourc2 assembly by moving the lock pin down and sliding the of the source changer and ensure that the rcdiation lev:1 is less
drive cable connector out through the keyway. than 10 milliroentgens per hour. The maximum radiation level

11. Disconnect the guide tube from the source changer. Connect measured three feet from any exterior surface is the Transport
the guide tube to the fitting above the chamber containing the ] Index. (Example: With a maximum radiation level of 2.2 milli-
new source. roentgens per hour, the Transport Index is 2.2.)

12. Couple the drive cable to the source by depressing the lock pin, 23. Select the proper shipping labels (Radioactive || or Radioactive
sliding the drive cable connector into the keyway, and releasing Ill) according to the radiation levels at the surface and at 3 feet
the lock pin. Test for proper engagement. from the container. Complete the labels listing the radioisotope

13. Close and latch the source guides. contained (Iridium-192). Indicate the activity as the number of
Curiet Record the Transport Index as determined above.14. At the projector controls, crank the source from the source

changer to its storage position in the projector. - MAMuM R AMATIoN LEVELS e

,

" " ' ' ' " **'15. Approach the projector with the survey meter. Suntey the
,

projector on all sides, survey the guide tube, and survey the
| RADIOACTIVE WHITE Isource changer on all sides to ensure the source has been prop- t a

erly transferred. | /g\a \16. Lock the projector. i

17. Disconnect the source guide tube from the source changer. | kRAD10ACIM 1 (*7
18. Affix the identification plate of the new source to the pro- - N

jector and attach the identification plate of the old source to I %j
the source holddown cap.

ram ACTIVE-YELLOW Il19. Bolt the source holddown cap in place and seal wire.
20. Bolt the source changer cover in place and seal wire. I ^
21. Survey all exterior surfaces of the source changer to ensure that

the radiation level does not exceed 200 mittiroentgens per hour ! 50mR/he 1 OmR/hegg,g ~ ,
at contact.

N O_ /
i'N/ ,

__ _ L_ !

R ADIOACTIVE-YE LLow Ill j
,

/N !i

30- In - A
;

. MMS HC* | 20 mR/h, 10mH /he

\l ZL ! C- e 'i

7, . |5b,.
m
*

] > .", .'.is s. m ,
E*P 24. If a shipping container is packaged inside a crate or other {

e

| packaging, mark the outside package "Inside package complies !
'

with prescribed specifications USA /9032/B(U) Type B".
25. Apply the shipping labels, properly completed, to two opposite i

Preparing Source Changer for Shipment sides of the container. !
'

'

,



- __ - - - _ _ .

! 26. Prope omplete the shipping papers (see samples on follow- O ONOTE
; ing pa indicating:

Please return container promptly. Rental
Radioactive Material, Special Form, n.o.s. N A 9182 charges will be made for containers held be-

Iridium-192 (X)_ curies, and yond normal transportation time..

Radioactive Device, n.o.s. UN 2911
Uranium-238, Solid Metal,0.005 curies *

g/.),

Radioactive (X) Labels *

j Transport Index (X)
Package identification Number USA /9032/B(U) ef j,

j All (X) marks must be completed by the shipper, ~3a

j And the Shippers Certification-
i

.

j "This as to certify that the above named materials are '

.-
1 properly classified, described, packaged, marked and
] labeled and are in proper condition for transport according I \

j to the applicable regulations of the Department of Trans- ~

portation."
_

Notes: 1. For air shipments, the following shipper's certifica-
_E'.

i '

tion may be used- *f 1,

,

| **l hereby certify that the contents of this consign- Connectingssconnecting Tnting Connection

ment are fully and accurately described above by
proper shipping name and are classified, packed,

j marked and labeled and are in proper condition for WARNING
! carriage by air according to applicable national gov- Do not move source assembly more than

ernmental regulations". 1/2 inch from its stored position when
2. For air shipments, the package must be labeled with a connecting / disconnecting or when testing'

** CARGO AIRCRAFT ONLY" label and the shipping for proper connection.
papers must state:

i "THIS SHIPMENT IS WITHIN THE LIMITATIONS TO ENGAGE CONNECTORS TO DISENG AGE CONNECTORSl PRESCRIBED FOR CARGO-ONLY AIRCRAFT"
1. With fingernail move lock pin 1. With fingernail move lock pin

. . . .

I back from keyway. (Pressure on pin back from keyway.27. Retum the container to Tech / Ops, Inc. according to proper pr; is downward toward stored position 2. Slide drive cable connector outj cedures from transporting radioactive material as established in *
of source.)Title 49 Code of Federal Regulations, Parts 172 178. through keyway and release pin.
2. Slide drive cable connector into rn

keyed sleeve and release pin. CAUTION 528. See following page(s) for sample forms. *

3. Test connection by pulling Move connector sideways E |

j Complete the Shipping Certificate and Bill of Lading and fill in between source and drive cable. only. Do not bend or twist. Z*

~

the necessary information in blocks marked (X). (Note WARNING.) to

_ _ _ _ _ _ _ _ _ _ _ _ _ _

Figure A. Procedure for engaging and disengaging the Model 550,

j source assembly connector. Testing for proper connec-
j tion must be performed.



EXHIBIT C

SOURCE CHANGING INSTRUCTIONS
FOR C-4 SHIPPING CONTAINER

Enclosed herewith is a cross sectional view of the shipping container used for
tranporting your pigtail soun:e. As you can see, the container consists of
two tubes - one which is labelled "New Source" immediately above the opening
in the side wall of the container. The second tube is empty and is for your
decayed source which is to be shipped to Gamma Industries, Inc.

The following procedure should be followed in the source changing operation:
ALWAYS HAVE PROPERLY OPERATING SURVEY METER AT HAND WHEN CHANGING SOURCES.

1. Survey container with meter. Surface reading should not exceed 200
mr/hr.

2. Connect the short exposure cable provided to the old source hole with
the other end attached to your camera.

3. Connect your control cable to the pigtail.

4. Crank source from your camera into shipping container.

5. Survey.

O
6. Disconnect source tube from shipping container.

7. Disconnect pigtail from the control cable.

8. Swing hasp cover over hole and lock.

9. Unlock new source side.

10. Connect control cable to pigtail,

11. Screw exposure cable into coupling of container.

12. Standing as far away as possible, retract control cable wnich will pull
source out of shipping container and into your camera.

13. Survey.

14. Disconnect control cable from pigtail.

15. Unscrew the exposure cable from your camera and from the shipping
container.

16. Lock camera and shipping container.

O Survey shipping container and do not ship if surface radiation levels17.
exceed 200 mr/hr, or 10 mr/hr at 1 meter.

-1-
4498T
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EXHIBIT D

IMPORTANT - READ CAREFULLY BEFORE CHANGING SOURCE

SOURCE CHANGING INSTRUCTIONS
FOR C-10 SHIPPING CONTAINER

Revised 4/22/74

Attached is a cross-sectional view of the shipping container used for
transporting your pigtail source. The container has two lock boxes-- one on
each side. The upper lock box is labelled "NEd SOURCE" and the upper tube
contains the new source. The lower lock box and tube contain a safety plug
when shipped to you. The lower tube will be used to return the decayed source
to Gamma Industries.

The following procedure should always be followed in the source changing
operation:

ALWAYS HAVE A PROPERLY OPERATING SURVEY I4ETER AT HAllD
WHEN CHANGING 50URCE5'

l. Survey the C-10 shipping container with neter. The radiation intensity
should not exceed 10 mr/hr at I meter from any surface of the C-10.

2. Open the lower lock of the C-10 shipping container. Remove the safety
plug.

3. Connect one end of short exchange tube (provided in the shipping barrel)
to the lower lock box of the C-10 shipping container. Attach the other
end of the short exchange tube to your camera.

Q_ONTOLS

'

ci] ,

c-19

SHIPPING

CONTAtNE3 CAMER.A

3 1
'

4. Crank your old soun:e into the C-10 shipping container until it reaches
a definite stop.

O

-1-
4498T
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] EXHIBIT D

SOURCE CHANGING INSTRUCTIONS FOR C-10 SHIPPING CONTAINER Continued
0

5. Survey to assure that the old source has reached a safe position.

6. Lock the lower lock of the C-10 shipping container onto the old pigtail
locking ball. You must be aware that the source could be removed fromi

: the open end of the lock box if the lower lock is not locked.

7. Remove the short exchange tube from the C-10 shipping container.
Disconnect the control cable from the old pigtail. (Attempt to move the
pigtail into and out of the C-10 shipping container to assure the lock
is depressed upon the pigtail locking ball. If the pigtail can be
moved, then open the lower lock, carefully move the pigtail, and lock
the lock upon the pigtail locking ball. This will assure that the old
source will remain properly locked and shielded during the return
shipment.)

.

8. Remove the source protector cap from the upper lock box and attach the
| source protector cap over the old source pigtail in the lower lock box.

9. Attach the control cable to the new pigtail which is in the upper lock
box.

O io- attaca saart excaa"se tabe to tae c-io sa'aa'as coataiaer aaaer iack aax-
.

CQNTRDLS

| | _

-. . _ _

II LE ..

'

? C:LQ. 91L%
SHtPPING

QQNTAINER

!

!
!
|
|

|

11. Unlock the upper lock from the new source,j
l n 12. Standing as far away as possible, crank the new source from the C-10

'

V shipping container into your camera.

2
| 4498T
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Q EXHIBIT D

SOURCE CHANGING INSTRUCTIONS FOR C-10 SHIPPING CONTAINER Continued

13. Survey.
.

14. Lock your camera lock.

15. Remove the short exchange tube from your camera. Remove the short
exchange tube from the C-10 shipping container.

16. Insert the safety plug into the upper tube of the C-10 shipping
container. Lock the upper lock of the C-10 shipping container.

17. Survey.

18. Place the C-10 into the barrel in the same orientation which it was
received. Place the short exchange tube into the barrel. Place the top
on the barrel and secure with the locking ring.

19. Insert a safety seal into the barrel locking ring.

20. Su rvey. (The radiation intensity should not exceed 200 mr/hr at any
barrel surface or 10 mr/hr at one meter from any barrel surface.)

O END OF SUURCE INTERCHANGE INSTRUCTIONS

Be sure that you:

1. Attach two " Radioactive Yellow-!!!" labels to the barrel.

2. Measure and write the transport index upon the affixed labels.

3. Properly fill out all shipping documents.

O

-3-
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EXHIBIT E

PANHANDLE EASTERN PIPE LINE COMPANY
Transmission Department
10890 Benson, Suite 360
Overland Park, Kansas 66212
913/341-1400

SHIPPER'S CERTIFICATION FOR RADI0 ACTIVE MATERIALS
To Be Completed in Triplicate

This is to certify that the contents of tnis consignment are properly described by
name and are packed, marked and labelled, and are in proper condition for carriage
by air according to all applicable carrier and governmental regulations, and to the
IATA Restricted Articles Regulations. This consignment is within the limitations
prescribed for passenger carrying ain: raft.

NAME AND ADDRESS OF SHIPPER

Panhandle Eastern Pipe Line Company
Transmission Department
10890 Benson, Suite 360

Overland Park, Kansas 66212

By: Source Changer Serial #

Radiographer Source Changer Model #

O Oate: 19 Iridium 192 Curies-

Model #424-1 Source #

NATURE AND QUANTITY OF CONTENT | PACKAGE

Radionuclide | Group i Fonn | Activity | Category | Transport i Type
l l l | Index |

Name of | Group |Either Chemical | Number of | I-White For yellow | Type A
Principal | Numbers fonn plus | curies or | II-Yellow llabel cat- | or
Radioactive lof Groups gas / liquid /solidlmillicurieslIII-Yellow legories IType B
Content II to VII lor Special Fonn | | Label | |

| | | | | |

| Special Fonn | | | | Type| ---

l l l l | |

0 N L Yl A I Rl C R A Fl T |Cl A R G |0 -

ADDITIONAL INFORMATION REQUIRED FOR FISSILE MATERIAL ONLY
Exempted from the additional requirements for Fissile Materials Not Exempted

Fissile Class I
N/A Fissile Class II

Fissile Class III

NAMES, PLUS_ QUANTITY IN GRAMS, OR CONCENTRATION OR ENRICHMENT IN U235
Additional Certificates Obtained by the Shipper When Necessary

Special Fonn Encapsulation Certificate (s)

O Type 'B' Packaging Certificate (s)
Certificate (s) for Fissile Material
Certificate (s) for Large Radioactive Source
Government Approvals /Penaits

4498T



EXHIBIT F

INSPECTION AND MAINTENANCE PROCEDURES
NO. 71-129

INSPECTION

To insure safety in use and to avoid malfunctions that could impair the
productivity of this equipment, it is strongly reconaended that daily and
periodic inspections be made. Missing or defective components must be
replaced or repaired if the equipment is to function as designed.

PERIODIC INSPECTION AND MAINTENANCE

It is recommended that a periodic inspection and maintenance be perfonned
af ter each three (3) months of service, or after prolonged storage. Under
severe operating conditions, it may be advisable to perform a periodic
inspection and maintenance on a more frequent basis.

This service is available at Technical Operations, Inc., Burlington,
Massachusetts.

Machines returned for periodic inspection and maintenance will be given a
complete disassembly, cleaning, and inspection for wear and damage. Missing

{J or servicable parts will be replaced, the machine reassembled, and given a
final inspection. A nominal charge for this will be made, plus the cost of
parts required. Th4 work can be perfonned promptly to minimize downtime.s

If you prefer to p fonn this periodic inspection and maintenance, we
reconaend the following procedure:

Equipment and Material -

Source Changer

Wrenches, Scredrivers, and Allen Keys

Basin - approximately 12" diameter

Two (2) Quarts Solvent (perchlorethylene)

Syringe

Lubricant - 2 oz. Texaco "Unitemp" grease

Dummy Source Assembly

Procedure

O Remove the source from the uait ead store it ia tae soon:e cnenser. roiiew
the instructions for the use of the soun:e changer.

-1-
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EXHIBIT F

PERIODIC INSPECTION AND MAINTENANCE Continued

Control

Detach from shield, eject and coil source drive cable by cranking control to
- EXPOSE direction. Examine cable for kinks, fraying, broken wires, or rust.

Minor bends in the cable may be straightened by hand. Do not use pliers. A
cable with frayed or broken wires must be replaced. Light rust may be removed
by hand wire brushing. Do NOT use a powered brush or abrasives. Heavy rust
that has penetrated into the cable will cause unsatisfactory operation or
complete failure. Replace cable.

Clean the cable by imersing the coil in solvent. A neavy accumulation of
dirt laden lubricant may require more than one washing.

Examine the connector. Use the Tech Ops Model 550 Connector Gage to check for
wear. Replace if connector fails at any gaged dimension. Examine cable
attachment to connector for straightness and evidence of looseness. A loose
attachment or bend at this point must be repaired. Do not attempt to
fabricate a replacement connector or to fasten it to the cable. The connector
is a special heat treated steel made to exacting tolerances and under strict
metallurgical control. The attachment is swaged with special tools and proof
tested. Order a replacement from Technical Operations.

O' Lubricate the cable with Texaco "Unitemp" grease. This is the most
' satisfactory lubricant for this purpose. Common greases can cause gumming and

unsatisfactory operation. Take care in handling the cable to avoid picking up
dirt or grit.

Control Crank

Remove control cable housings by undoing fitting nuts. Remove crank unit from
reel, remove crank and disassemble. Wash parts in solvent. Check inside of
housing for evidence of galling and wear. A deeply scored (more than .020
deep) line where the cable contacts the inner wall of the housing indicates
the need for replacement.

Check clearance between the hubs of the wheel and the bushings. More than
.005 clearance indicated replacement.

Examine teeth of wheel for damage. A bent tooth may be filed off. Two (2) or
more bent teeth will require replacement of the wheel.

Lubricate bushings witn Texaco "Unitemp" grease and reassemble.

O

-2-
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EXHIBIT F

PERIODIC INSPECTION AND MAINTENANCE Continued

Control Cable Housings

Examine carefully for internal damage by flexing the housings by hand.
Internal damage to the reinforcing braid or flexible metallic tube will be
evidenced by a crunch feeling when the cable housing is flexed. Cut,
flattened, or burnt cable housings should be replaced. Superficial cuts or
burns may be sealed and reinforced with tape. Clean housings by syringing a
few ounces of solvent into bore and blow out with low pressure air (not more '

than 20 p.s.i.). Do not allow solvent to remain. Do not soak in solvent.
Check end fittings for secure attachment.

Source Guide Tubes

Check for cuts, burns, or crushed tubes. Cneck fittings for secure
attachment. Examine and test screw threads for function. Clean bore of tube
with water or solvent and drain out properly. Do not soak in solvent. Check
for free passage of source by holding tube vertical and dropping dummy source
assembly through tube. The dummy source assembly should fall through freely.

Shield Assembly

Check exterior for loose or missing hardware. Replace or tighten as
requi red. Examine source exit fitting. Nut should rotate freely without

excessine shake. Look into exit port and check concentricity of source tube
with nut. Misalignment, if found, indicates a damaged housing or shifting of
the snield within the housing. This is best repaired by Technical
Operations. We do not recommend disassembly of the shield assembly. Pour an
ounce of solvent through the source tube from the cable connector end. Drain.

Exemine the shield assembly for complete labels and warning symbol. Replace
obliterated or illegible marking. Adhesive backed replacements are available
from Technical Operations.

Final Inspection

Reassemble system, connect control cables and source guide tubes to shield and
install dummyy source. Operate machine several times to be sure of proper
function. Cneck operation of the source position indicator system. Refer to
the electrical schematic for guidance in locating faults. A volt-ohmmeter may
be used for measuring voltages and checking circuit continuity.

O

-3-
4498T

._ - _ __ _ _ _ ,



Q EXHIBIT F

PERIODIC INSPECTION AND MAINTENANCE Continued

Final Inspection Continued

Return live soun:e to shield and make a gamma ray survey. Radiation levels
must not exceed the following:

At One Meter (39-3/8 inches)
Not more than 0.066 mr per curie

At Six Inches (6") from the Surface
Not more than 0.33 mr per curie

.

Technical Operations is prepared to demonstrate these inspection and
maintenance procedures at its Burlington, Massachusetts facility. We welcome
the opportunity to assist you.

O

O

-4-
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EXHIBIT G

TECH /0PS GAMMA RAY PR(MECTOR

DAILY CHECKLIST
|

1. Inspect cables for cuts, breaks, and broken fittings.

2. Inspegt source tubes for cuts, crushing, and broken fittings.
'

3. Survey for excessive radiation levels.
|

4. Inspect shield for damage to fittings, lock, fasteners, and labels.

5. Inspect crank for damage and loose hardware.

6. Check operation of cable connection.

7. Check operation of control for freedom of source movement.
'

,

NOTE |

DEFECTIVE EQUIPMENT MUST BE CORRECTED PRIOR TO USE |
'

00tl'T C0iiPR0ll!SE ON SAFETY

RECORD INSPECTION IN LOG BOOK

I

|

[
>

l

| ,

! i
i

|

P

O

1
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EXHI0li H

PERIODIC INSPECTION AND MAINTENANCE FOR
GAMfiA CENTURY, GAMA "35", SA MODELS, GAM! IATR 0NS AND UTILITY TWINS

Periodic inspection of exposure devices should be perfonned at intervals not
to exceed 90 days or whenever operation of the device appears to be impaired
through abuse or wear. However, it should be emphasized that this applies
only to the device. DO NOTHING TO THE SOURCE. If the source appears worn or
faulty in any way, contact Gamma Industries. In order to perfonn device
inspection and maintenance, proceed as follows:

1. Remove safety cap in lock box and inspect source connector. The holding
pin should still have a true 90 degree elbow; it should be straight and
parallel with axis of source connector and the key on apex of elbow
should not be worn excessively. Check flexible cable at connector for
straightness.

Maintenance: If the elbow is not bent out of line, the mating connector
should then be connected to the source and tested by pulling straight
back on cable applying about 30 to 40 pounds of pressure. '

2. The lock plunger should be inspected and checked for ease of operation.
Foreign matter may at times foul the plunger and make it inoperative.
The lock plunger may not retract to its fullest extent wnich is 1/2

O inch. This would prevent free travel of the source in and out of the
lock box.

Haintenance: The lock plunger may be removed by removing the two 8-32
set screws in the lock box. Wash lock in solvent to remove dirt or
other foreign matter. Lock may also be cleaned and lubricated by
spraying a lubricant (such as WD-40) into the lock.

3. Inspect the soun:e outlet nipple by first removing safety plug. The
outlet nipple should be round and smooth so that it will match with the
!.D. of the soun;e tube.

Maintenance: If the outlet nipple should be out of-round it can
sometimes be straightened by using a punch or round bar on the inside of
the outlet. If it cannot be straightened or if the nipple has been
broken by dropping the unit, it must be replaced. This replacement can
be done in the field shop, or returned to Gamma Industries.

4. Inspect labeling on exposure device. The warning signs and source
identification tags should be distinct and legible.

O

.i.
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(] EXHIBIT H

PERIODIC INSPECTION AND MAINTENANCE FOR GAf!MA CENTURY, GAMitA "35", SA MODELS,
GAHliATRONS AND UTILITY TWINS Continued

5. Inspect source tubes for damage such as crimps, foreign matter, ease of
connecting, and disconnecting from exposure device.

Maintenance: Crimps, kinks, and other damaged places may be cut out,
and connectors placed on ends so that tube is not shortened
excessively. The quick disconnect coupling that connects to outlet
nipple of exposure device may be removed with heat and replaced.
Foreign matter may be washed from tube with solvent and blown with
compressed air.

6. Inspect source connector on drive cable. The hole should be 7/64 inch
in diameter when new. This hole should show some wear af ter much use,
but should not be out-of-round to the extent that it will disconnect
from the mating piece other than in the correct position. It should not
be loose on the drive cable. The portion of the connector with the
connector hole should not be bent, but should be straight and parallel
with body of connector.

Maintenance: This worn connector may be replaced by one of two
methods:q

1. Send back to Gamma Industries to have new connector replaced by
swedging on new replacement.

2. Order now core with connector attached.

7. Inspect remainder of drive cable for wear, rusty sections, causing cable
to becomo stif f and non-flexing, kinks, or other damaging conditions
that would prevent cable from running on gear in the gear box housing.

Maintenance: The drive cable should be cleaned with a solvent such as
varsol, diesel fuel or some other solvent that will not dry out. This
is done to remove sand, dust, and other foreign matter that will cause
abrasions in the exposure device and gear box drive mechanism. Drive
cable that has becomo rusty and non-flexibic should be replaced.
Failure to replace cabic may cause controls to become stif f, hard to
operate, wear excessively, and possible break. The cable would usually
break when the source is exposed. Lubrication of the drive cable is
important. In areas where there is a problem with sand or other '

abrasive material, dry powdered graphite is excellent. Graphite should
not be packed continually since it will tend to pack in the gear box and
cause excessive wear to the gear housin<j and to the gear. Where the
control cables can be kept reasonably clean, a light oil will be
adequate.

| O

2
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EXHIBIT H

PERIODIC INSPECTION AND MAINTENANCE FOR GAMMA CENTURY, GAMMA "35", SA MODELS,
GAMMATROUS AND UTILITY TWINS Continued

8. Inspect the control assembly. This assembly consists of the gear box
assembly and the crank handle. The bronze bushings in the gear housing
and the plate are the most likely places to find wear. When these
bushings are worn, they tend to permit the gear to wobble and eventually
wear out. Ususally (due to some build-up on the drive cable or the gear
teeth) there will be some wear around the inner circumference of the
housi ng. This will permit the drive cable to slip on the gear and
prevent source from moving properly through the exposure device.

Maintenance: It is suggested that if powdered graphite is used as a
lubricant the gear box be cleaned with compressed air occasionally so as
to remove any packed graphite in the gear mechanism. The application of
some type light oil on bronze bushings will help prevent excessive wear.

9. Inspect drive cable housing or conduit. This conduit can be damaged by
dropping it across a hot weld, severe kinking, or by dropping some
object on the conduit. Any of these can prevent the drive cable from
moving freely. The conduit at the end connections may become damaged
from excessive flexing while being assembled or disassembled.

Maintenance: In any case where the inner liner has been damaged, tne
conduit must be replaced. When the outer covering has been damaged,
waterproof tape should be wrapped around the break to prevent the
entrance of water or other corrosive substances. If the extreme ends of
the conduit are damaged, they tend to pennit the gear to wobble and
eventually wear out.

O
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(] EXHIBIT I
v

INSPECTION AND MAINTENANCE RECORD

Tech Ops Gama Ray Projector
Model No. Serial No.
Book No. covering period
from to

Name and Address of Owner

|
DATE DESCRIPTION OF INSPECTION AND MAINTENANCE I BY

l i

I I

I I

O i i

l i

l I

l |__

I I

I I !;

I I

l I

l |

I I

|
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EXHIBIT J

OG

PANHANDLE EASTERN PIPE LINE COMPANY
x MAY UNIT RADIATION REPORT
NO. E- RSPomTo

Datt Location
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EXHIBIT K

CAUTION
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EXHIBIT L. .

i ,

I

i

LEAK TEST RECORD

l
Company Name

D P.O. Box No.

Stmet -

State Zip

i
i NRC or
!

State License No.

|'
Model No. Serial No.
Projector

'

' Source
*

Model No. Serial No. Curies
i

IR-192 C0-60 CS137 Other

Wipe Test
Performed by Date

,

I

i r The United States Nuclear Regulatory Com 3
mission requires that radiographic sources be VENDOR USE ONLY
tested for evidence of leaking at the time of
manufacture and thereafter at not more than Processed By

i' six monthintervals.
l The amount of removable contamination Radio Asssay Microcure

must not exceed 0.005 microcuries. If the test
shows more than 0 005 mierocurie of remova. Te5t
ble contamination, the source and equipment Performed by
must be immediately taken out of service and
be repaired or be disposed of. Please note that Next Leak
this source must be tested again on or before Test Due

G-.._- ----____.)

.
.

- - - -



}
EXHIBIT MTECH / OPS, INC.

LEAK TEST KIT MODEL 518

INSTRUCTIONS FOR USE
(3,V This kit is desig ied for use on Tech / Ops Gamma Ray Projectors. it provides a convenient and safe

method of performing leak tests of radiographic sources in accordance with NRC regulations,
which require such tests at intervals of not more than 6 months.

CONTENTS

Flexible swab holder with swab
Vial of EDTA solution
Plastic Envelope
Mailing Box
identification Sheet

PROCEED IN THIS MANNER:

1. Be sure source is fully retracted and secured in the projector. (Use a survey meter to be sure that
radiation levels are normal.)

2. Remove source guide tube from front of projector or remove shipping plug.

3. Wet the swab with EDTA solution. Shake off excess and insert the swab into the hole in the
shield. Wipe the interior of the hole thoroughly by rotating swab holder.

4. Withdraw swab and place in plastic envelope.
5. The swab should now be monitored by turning the survey meter to its most sensitive range.

Place the meter in a low background area and move the swab in its plastic envelope to the meter,
not the meter to the swab.

6. If there is no indication on the meter, or if the indication is no more than 0.2 mR per hour above
background, put the plastic envelope with the swab in the mailing box and mail to Tech / Ops,

ig incorporated.40 North Ave., Burlington, Massachusetts 01803. Be sure to fill out and return the
,

identification sheet.
7. If the swab should show more than 0.2 mR per hour, do not mail. Contact Tech / Ops,Inc., for

specific instructions.
NOTE: If the survey meter available does not have the capability of detecting as little as 0.2 mR
per hour, ship the wipe-test swab to Tech / Ops, Inc., via express. Do not ship if the radiation from
the swab exceeds 2 mR per hour and contact Tech / Ops, Inc., for specific instructions. The
wipe-test swab will be subjected to a precise radio-assay when received by Tech / Ops, and a
leak-test certificate will be mailed promptly. The NRC requires that this certificate be kept with
your records and that it be available for inspection (10 CFR 34.25(c)).

N O TIC E

in order to use this Model 518 Leak Test Kit, the user must be
specifically licensed to do so in accordance with Title 10, Code of
Federal Regulations, Part 34, Paragraph 34.11 (f). If your license
does not authorize the use of this leak test kit, an application for a

license amendment should be filed on Form NRC-313R with the
Materials Licensing Branch, Division of Fuel Cycle and Material
Safety. Office of Nuclear Material Safety and Safeguards, U. S.
Nuclear Regulatory Commission, Washington, DC 20555.

O use of this kit without specific authorization constitutes a
violation of U. S. Nuclear Regulatory Commission regulations.

Tech / Ops, Inc.
Burlington, MA

9 February 1981



EXHIBIT N

7 2n. 2m PANHANDLE EASTERN PIPE LINE COMPANY
SUITE 30 leNO BENSON

P.O. BOX 12330

OVE R LAND PARK, K ANSAS 46212

(913) Mi 1400

DOSIMETER CALIBRATION CERTIFICATE

.

_

MODE L NO. SERI AL NO.

CAllBRATION DATE

DATE CAllBRATION DUE

O
TRUE FIELD RESPONSE % ERROR

ASSIGNED TO: DATE

REASSIGNED TO: DATE

THE ABOVE INSTRUMENT WAS CAllBRATED WITH A CESIUM 137 SOURCE.
U.S. NRC REGULATIONS REQUIRE THAT IT BE RECALIBRATED WITHIN ONE (1) YEAR.

WITHIN NORMAL LIMITS

BY:
PANHANDLE EASTERN PIPE LINE COMPANY

|

lORIGINAL: Radiation Saf ety Officer
ICOPY: R ed.ographer

COPY: F eie /

O '



EXHIBIT 0
s

7 rm un PANH ANDLE EASTERN PIPE LINE COMPANY
SulTE 31010310 SEN$0N

\ P.O. SOK 1215
%) OVE RLAND PARK, M AN$A$ 4M12

(913) Mi lege

METER CAllBRATION CERTIFICATE

MODE L NO. SERI AL NO.

CAllBRATION DATE

DATE CAllBRATION DUE _

TRUE FIELD RESPONSE % ERROR

RANGE

RANGE

RANGE

THE ABOVE INSTRUMENT WAS CAllBR ATED WITH A CESIUM 137 SOURCE. U. S. NRC
REGULATIONS REQUIRE THAT IT BE RECALIBRATED WITHIN THREE (3) MONTHS.

WITHIN NORMAL LIMITS

BY: ASSIGNED TO:
PANMANDLE E ASTERN PIPE LINE COMPANY

DATE:

_ _ _ . _
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EXHIBIT P~ ' *

t

,

WARRANTY
AND

LIMITATION OF LIABILITY

Technical Operations, incorporated (hereinafter referred to as the manufac-
turer) warrants its product which it manufacturers and sells to be free of
defects in material and workmanship for a period of 1 year from date of ship-
ment. This warranty shall not apply to any product or parts which have been
subjected to misuse, improper installation, repair, alteration, neglect, acci-
dent, abnormal conditions of operations, or use in any manner contrary to in-
structions.

The manufacturer's liability under such warranty shall be limited to replacing

3 or repairing, at its option, any parts found to be defective in such respects,
(V which are returned to it transportation prepaid; or, at its option, to returning

the purchase price thereof.

The warranty on other manufacturers' components shall be that of the original
manufacturer whose warranty shall be binding.

In no event shall the manufacturer be liable for any incidental or consequential
damages, wl. ether or not such damages are alleged to have resulted from the
use of such product in accordance with Instructions given by or referred to by
the manufacturer.

Technical Operations, incorporated assumes no liability or responsibility for
the usage of any radioac'ive material used in connection with this product.

All other warranties, except those warranties expressly stated herein, in-
cluding warranties of merchantability or otherwise, are expressly excluded.

.
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EXHIBIT P. . . .

*

.

. nical Data emits gamma radiation which can cause injury
*

if improperly used. Disassembly of the device or
Sizs: 5 in (12.7 cm) wide,5 in (12.7 removal of the source requires special equip-

cm) deep,8.5 in (21.6 cm) high ment.We recommend that any service requiring
Wright: (with attenuators) 52 lbs. (24 disassembly of the device or removal of the

kg) source be performed by the manufacturer.
(without attenuators) 45 lbs.
(20 kg)

Sourcs: Model 77302, "' Cesium,150 Instrument Devicesmillicuries
Trtnsport DOT Specification 7A Type Although the device has radiation levels which
Status: A Package are well below the maximum radiation level per-
Shi:Iding Lead Approx. 29 lbs. (13 kg) mitted on storage containers, personnel should
Mct: rial: not stay close to the device any longer than

necessary.

G:n:ral Precautions should be taken to store the instru-
ment calibration device in an area that meets

The Model 773 is a small, portable radiation the requirements of Title 10 Code of Federal
suryny instrument calibration device. The unit Regulations 20.202(b) (2), 20.203(b) and
consists of a 150 millicurie "' Cesium source 20.203(e).
p;rmanently attached to a movable source rod it is recommended that personnel operating the
which is installed in a lead shleid casting. The equipment use a calibrated and operable survey
sourcs is exposed by raising the source rod instrument and wear appropriate personnel
wh h positions the source in a 36' x 20' col- monitoring devices. The radiation level at the
|| d beam port. source rod when the source is in the " operate"
l... unit is equipped with three attenuators position is approximately 50 milliroentgens per
(Transmission of 0.25,0.10 and 0.10) to a!!ow a hour.
surv:y instrument with three ranges to be Movement of the source rod should be ac-
cclibrated at 20% and 80% of each range complished as expeditiously as practicable. An
without changing the position of the survey in- alternative method of raising the source rod
strument. The Model 773 can be used to would be the use of a string and pulley arrange-
calibrate survey instruments with ranges up to ment.
2000 milliroentgens per hour. In no case should anyone enter the area of the
Tha unit is equipped with a carrying handle radiation beam or expose any part of his body
which also serves as a source locking bar to to the radiation beam.
pr vant unauthorized use of the calibrator. A

shipping cover is also attached to provide and
cdditional means of securing tne source.

Preparation for Use

R:ceiving Place the source shield in a restricted area so
that the directional port is aimed horizontally.Survey the device for excessive radiation levels. To minimize the effects of scattered radiation,

Tha device should have radiation levels less the unit should be 16 feet from any wall in the
than 200 mR/hr at the surface and less than 10 direction of the primary beam.
mR/hr at three feet from the surface. Inspect
the device for sh,ipping damage and insure that Position a support horizontally from the Model,

tha dev, ice is locked. 773 Instrument Calibration Device as shown in
Figures 1 and 2.

m Restrict access to the area where the radiationby Precaut. ions level is in excess of 2 milliroentgens per hour.
The Model 773 Meter Calibration Device con- I ** 9"*
trins a 150 millicurie "' Cesium source that

17603



EXHIBIT P- *
. . ,'

.

t : ration move the shipping plate. Remove all the
attenuators from the radiation beam.

Nste: To properly calibrate a survey instrument
it is necessary to check the instruments 6. Standing away from the radiation beam,

expose the source by manually raising
rssponse at two points on each of the in- the source rod. Note and record thestruments ranges. These points must be
srparated by at least 50% of the full scale survey meter reading, return the source

to the stored position. The actual intensi-raiding. The instruments reading should agree ty is 800 mr/hr. If the reading is withinwith the actual radiation intensity within 10%
to be in proper calibration. 10% of the actual intensity, continue

checking the instrument. If the instru-
Th3 following procedure is designed for a ment reading is not within 10% of the
survey instrument with three scales and a range actual intensity, the instrument must be
of 0-1000 mr/hr. For instruments with different adjusted and recalibrated,
rcnges, the procedure will be similar but the CAUTION: Do not enter the area of thepoints will differ. radiation beam while the source is expos-

ed.
1. Turn on the survey meter and allow it to 7. Place the 0.25 attenuator in the beam." warm up" for approximately 10 minutes. Repeat step 6; the actual intensity is 200
2. Determine the activity of the source on mr/hr.

the date of calibration from the decay 8. Remove the 0.25.attenuator from thechart provided with the source. and place a 0.10 attenuator in the beam.
3. Determine the distance from the source Repeat step 6; the actual intensity is 80

at which the radiation intensity would be mr/hr.
800 mrlhr (use Figure 3). 9. Place the 0.25 attenuator in the beam.

']. Using the tape measure attached to the Repeat step 6; the actual intensity is 20.

Model 773, place the survey meter such mrlhr.
that the axis of the detector is located at 10. Remove the 0.25 attenuator from thethe proper distance from the source as beam and place the other 0.10 attenuator
determined above. In the beam. Repeat step 6; the actual in-

Note: tensity is 8 mr/hr.
11. Place the 0.25 attenuator in the beam..

The survey meter should be located so that Repeat step 6; the actual intensity is 2
the center of the detector is at the correct mr/hr.
distance and centered on the center line of
the radiation beam. The axis of the detector
should be perpendicular to the centerline of Leak Testing
the radiation beam. Depending upon the
physical size of your survey instrument, it The Tech / Ops Model 773 Meter Calibrat. ion Kit
may be necessary to mount it somewhat contains a Cesium source which must be leak
higher than the bench surface. When the pro. tested at intervals not to exceed six months.

,

par geometry for your instrument has been This may be accomplished using the Tech / Ops
established, use the same physical arrange. Model 518 leak test kit.
ment consistently in future calibration opera. 1. Place the Model 773 calibrator in a re-
tions. stricted area.
At short distances, using survey instruments 2. Remove the lock and rotate the handle
with large detector volumes, the radiation in. from the top of the source rod. Remove

- tensity will not be uniform across the detec. the shipping cover.
tor. Consideration should be given to this ef- 3. Moisten the leak test swab with EDTA
P ct when determining the radiation inten- solution. Blot off the excess.i

hies to be checked. 4. Wipe around the top of the source rod.
~

5. Standing away from the beam port, raise
5. Unlock the handle of the Model 773. Re- the source rod to the open position and

_
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EXHIBIT P
'

*

.

O
V
./lpe the exposed source rod thoroughly. THE IDENTIFICATION SHEET.

6. PI:ce the leak test swab in the plastic 9. If the swab should show more than 0.2envelope. mr/hr. DO NOT MAIL. Contact Technical '

7. S;t the survey meter on its most sensitive Operations, Inc. for specific instructions.
r nge and place the meter in a low
b ckgroun'd area. Move the swab, in its

Note *-pinstic envelope, to the meter, not the
mster to the swab. The wipe test swab will be subjected to a

8. If the meter indication is less than 0.2 precise radioassay when received by
mrlhr above background, place the Tech / Ops and a leak test certificate will be
plastic envelope with the swab into the mailed promptly. This certificate must be
malling box and mall to Technical Opera. kept with your records as it is subject to
tions, Inc., Burlington, Massachusetts. N.R.C. Ins ~pection.
BE SURE TO FILL OUT AND RETURN

.
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NOTICE

This gamma ray radiography system is used as a radiographic exposure device and Type B shipping
container for Tech / Ops, Inc. Sources. The user should become thoroughly familiar with the instruc-
tion manualbefore attempting operation of the equipment.

In order to use this equipment or perform source changes, the user must be specifically licensed to do
so. Applications for a license should be filed on Form NRC-313R with the Materials Licensing Branch,
Division of Fuel Cycle Material Safety, Office of Nuclear Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Washington, DC 20555, or with the appropriate Agreement State Office.

Prior to the initial use of the exposure device as a shipping container, the user should register with the
Transportation Certification Branch, Office of Nuclear Safety and Security, U.S. Nuclear Regulatory
Commission. The user should have in his possession a copy of Certificate of Compliance No.9033
issued for this exposure device, which may be obtained from TecNOps upon request. This
paragraph also applies to users from agreement States.

Users of this equipment outside of the United States must comply with regulatory, licensing and
transportation rules and regulations as they apply in their respective countries.

WARRANTY
AND

LIMITATION OF LIABILITY

Tech / Ops Inc.,(hereinafter referred to as the manufacturer) warrants its product which it
manufactures and sells to be free of defects in material and workmanship for a period of one year
from the date of shipment.This warranty shall not apply to any product or parts which have been sub-
jected to misuse, improper installation, repair, alteration, neglect, accident, abnormal conditions of
operation, or use in any manner contrary to instructions.

The manufacturer's liability under such warranty shall be limited to replacing or repairing, at its
option, any parts found to be defective in such respects, which are returned to it transportation
prepaid; or, at its option, to retuming the purchase price thereof.

The warranty on other manufacturers' components shall be that of the original manufacturer whose
warranty shall be binding.

|

In no event shall the manufacturer be liable for any incidental or consequential damages,whether or
not such damages are alleged to have resulted from the use of such product in accordance with in-
structions given by or referred to by the manufacturer.

Tech / Ops Inc., assumes no liability or responsibility for the usage of any radioactive material or |
device generating penetrating radiation used in connection with this product. The use of such
material or generators in any manner other than that prescribed in the Nuclear Regulatory Commis-
sion License or equivalent state license or permitted by any regulation of the Nuclear Regulatory
Commission or state regulation may constitute a violation of such license terms.

O
All other warranties, except those warranties expressly stated herein, including without limitation
warranties of merchantability and imphed warranties of fitness, are expressly excluded.

Unnted in u S A Copynght L rech Ops Inc 1981

_ _ _ _- _ _ _ __- _
-
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GENERAL INFORMATION

'd

Section I
General Information

CENERAL

Tha 660 series portable gamma radiography systems, shown in Figure 1.2 shows both ends of the exposure device. A special
Figure 1.1, are used primarily for industrial radiography. The fail-safe control unit connector is located at one end. This connec-
systems operate in similar manner and differ only in the specific tor is used to engage the control unit. The control connector has a
control unit supplied. three-position selector ring--OPERATE, LOCK and CONNECT.

Th> portability feature of the system provides both a safe means For maximum safety when the control unit and guide tubes are

of transporting the radioactive source and operating flexibility, disconnected from the exposure device, the connector should be

prticularly useful in areas where access is limited. In use, the in the LOCK position with the lock and storage cover engaged

system safely positions an Iridium"2 radioactive source at a and the key removed. All of the connector positions are discussed

predetermined location. The 360' (panoramic) radiation pattern in detail in Section V. OPERATION.

may be used to full advantage, either for multiple specimen work The guide tube connector is located at the opposite end of the
or for circumferential exposure techniques. Optional collimators exposure device. Figure 1.2 identifies the connector. Also shown
ars tvailable which limit the panoramic pattern to a directional in Figure 1.2 is the storage plug which must be removed before
beam. The systems may be used with Iridium * sources up to a the guide tubes are connected. The storage plug prevents dirt
maximum of 100 curies. Iridiumnasources oflesser activities are and dust from entering the exposure device whenever the expo-
available. Basic source information is inscribed on the nameplate sure device is not in use.
of the exposure device.

The total weight of the exposure device is approximately 48
L> pounds (22kg). The exposure device is 9.5 inches (241 mm) high,

n s Mmm) w&, and C5 in@s WW bg,SYSTEM SAFETY
including handle and connectors.

Tha systems are designed to provide maximum operator safety.
Guide Tube AssemblyThere is a positive mechanical control of the source, and the

odometer provides a visualindication of the source's position. In The guide tube assembly consist of one 7 foot (2.1m) master
addition, the source connector is designed to be f ail-safe so that: guide tube and two 7 foot (2.1m) extender guide tubes (see

Figure 1.1). The master is the guide tube section which containsa. the system cannot be operated (source exposed) unless a
the source stop at one end. The source stop prevents the sourcesecure connection of the source assembly to the drive cable

, from leaving the end of the guide tube. The system should neveris made and
be operated without using the master guide tube, since dirt may

b. the control unit cannot be disconnected unless the radioac- enter the tubes and the source might not retract properly if it is
tive source assembly is properly stored in the shield. extended beyond the guide tubes.

The two extender sections can be used as necessary to increase,

! the length of the guide tube to 14 or 21 feet (4.3 or 6.4m). BothSYSTEM COMPONENTS
master and extender guide tubes are made from flexible stainless
steel tubing with a protective polyvinyl covering. The three guideAll components of the gamma radiography systems are identified

. tube sections weigh approximately 5 pounds (2.3kg).in Figure 1.1

Gamma Ray Exposure Device Model 660
CAUTION

The gamma ray exposure device is shown in Figure 1.2. The
Never operate the systems with more thanexposure device serves as the storage and transport device for
three guide tube sections (master sectionth3 radioactive source assembly. The exposure device consists
lus two extender sections-total guide tubeof a steel housing which contains approximately 34 pounds

length of 21 feet (6.4m).] because the source(15.5kg) of depleted uranium shielding material. When the
MI M unaMe m red h se @source is properly stored in the exposure device, the shielding

roperties of the depleted uranium reduce radiation intensities in
tha vicinity of the exposure device to levels well below the regu-
IItory limits.

MODEL 660-OPERATION AND MAINTENANCE 1
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Model 664
Control Unit Tripod Stand
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Extender Source Guide Tubes
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Model 661 Control 8 '

Cable Connector / ) -- Master Source Guide Tube

Model 660 /
Exposure Device Source /

Stop

(a) Model 660-664 System

4
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1

Tripod |
\'

Model 693 Stand
Control Unit i
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I'[ I j\
Extender Source Guide Tdes
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Model 661 ! ''
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["nne to - Master Source Guide Tube
/

Model 660 Source '

NI Exposure Device Stop
'

(b) Model 660-663 System

O
Figure 1.1 660 Series Portable Gamma Radiography Systems
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GENERAL INFORM ATION

O
I

Key

/
Control Cable4:q' m,s., ,

- +ryg - Connector /.y -
i

*
Storage

DANGER
*

* /,

- s60 bk .~~w o
g ~ 1 ooc, |

ADQCTIVE MATERIAL '

USA /9033/B[l TYPE B
*

'

%M su
15 4 kc Source Identification Plate

*EQ%,., Source Guide
g Tube Connector

Gamma Ray

O< Device (complete)Exposure #6-32 > 4LG Storage'

Pan Head Screw PlugDanger
Tag

Rear End Front End

Figure 1.2 Model 660 Exposure Device

Tripod Stand

The tripod stand provides a means of securing the source stop to type drive cable connector used to securely engage the radioac-
allow the source to be positioned at the desired focal position. tive source assembly. The drive cable connector permits the

. The stand has adjustable clamps which will provide an unlimited disconnection of the control unit from the source assembly. A stop
| degree of positioning flexibility. The weighted tripod base pro- spring is installed at the opposite end of the drive cable to prevent '

vides a solid foundation for the stand. The tripod stand, complete the drive cable from being inadvertently cranked off the drive
with clamps, weighs approximately 10 pounds (4.5kg). gear. The control housing is terminated at one end by the Model

661 control cable connector assembly which mates with the
Model 664 Control Unit fail-safe connector on the exposure device and at the other end

The Model 664 control unit consists of a hand crank, odometer, ngs wM anacM to me main kame oMe conkol unt he

two 25-foot housings, drive cable and lightweight convenient 664 unit with the control housings and drive cable weighs approx-

cable storage reel. In operation the hand crank controls the imately 22 pounds (10kg).

movement of the source between the storage position in the
Model 693 Control Unitexposure device and the exposure position in the master guide

tube. The odometer indicates the distance (in feet and inches) The Model 693 is similar to the Model 664 controf unit. However,
that the source has been moved from its storage position. The the Model 693 unit does not have the storage reel and is provided
reel provides a convenient storage facility for both the control with a pistol gnp handle for convenient operation. The Model 693

, housings and the three guide tubes. control unit with the control cable weighs approximately 19
The inner helically-wound flexible steel drive cable (the actual pounds (8.6kg).

| controlling element) terminates with the male section of a swivel-

MODEL 660-OPERATION AND MAINTENANCE 3
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GENER AL INFORMATION

Model 692 Control Unit

The Model 692 control unit is similar to the Model 693 control unit. 613 Source stop switch used with the 681 source posi-
However, the Model 692 unit does not have an odometer. The tion indicator. This switch will pass through a
Model 692 control unit with the control cable weighs approxi- 125 inch (30mm) diameter hole.
mately 18 pounds (8.2kg). 681 Source position indicator used in conjunction with

the Model 527 collimator or Model 613 source
stop. This unit provides a visual signal to indicate

RADIOACTIVE SOURCE ASSEMBLY MODEL(A424-9) the source fully extended position.

The radioactive Iridium'" source must be ordered separately f rom 492D GAMMALARM radiation monitor

other system components. The system can be operated with 492E GAMMAFLASHER remote indicator used with
various activity sources up to a maximum of 100( + 20W curies of 492D GAMMALARM
tridium'". The radioactive material is sealed in a stainless steel
capsule firmly attached to one end of a short leader cable. The
other end of the leader cable has the female section of a swivel- SPECIFICATIONS
type connector firmly attached to it to provide a secure connection
to the drive cable.

The source may be changed only by a user licensed to do so. This fso :r um'"(Model A4249 only)
is done using Tech / Ops Models 414,650 or 820 source changers Maximium Activity: 100 curies ( + 20%)*
which also serve as shipping containers. See Section VI.

2. Shielding: 34 pounds (15.5kg) of depleted uranium

nsbns
SYSTEM OPTIONAL ACCESSORIES Exposure Device Size:

4.75 inches (121 mm) x 9.5 inches (241mm) x 12.75 inches
Model No. Description (324mm)

527 "Rayguide" lead collimator with 360 x 20* Exposure Device Weight:

panoramic & 30* x 60 directional inserts (incl. 48 pounds (22kg)

labstand) Model 664 Control Unit Size:
6.6 inches (168mm) x 12 inches (305mm) x 21 inches

782 Lead collimator with 30 x 60 side beam
(533mm)

783 Lead collimator with 30* x 60* front beam Model 664 Control Unit Weight:

784 Panoramic lead collimator 22 pounds (10kg) (with control housing and drive cable)
Model 693 Control Unit Weight

799 Tungsten mini collimator, sides ports 60 19 pounds (8.6kg) (with control housing and drive cable)
directional

Model 692 Control Unit Weight:
714 Lead mini collimator 60* conical beam (for use 18 pounds (8.2kg) (with control housing and drive cable)

with source stop)
Source Guide Tubes (three):

717 Lead mini collimator 60* conical beam (for use 5 pounds (2.3kg) j

with source switch) Tripod Stand;

719 (L) Depleted uranium collimator with 360* x 20* 10 pounds (4.5kg)

panoramic & 30* x 60* directional lead inserts 4. Operating Specifications
(incl. labstand) Maximum Distance:

719 (U) Depleted uranium collimator with 360 x 20' Exposure device to control unit: 25 feet (7.6m)

panoramic & 30' x 60' directional depleted Distance, Exposure Device to Exposure Position:
uranium inserts (incl. Labstand) 7 feet (2.1m),14 feet (4.3m) or 21 feet (6.4m)

46403 Labstand for 527 or 719 Source Position Reproducibility:
R6mm)

(Custom made collimators can be supplied on request.)

534 Slide rufe type exposure calculator with leather
*

case Note: The Model 660 has been approved for 200 curies of
Ytterbium'"; and users have been licensed for up to 120 mci of' 657 Series Automatic exposure control
Cobalt" in the Model 660.

957 Series Automatic exposure control

4'

MODEL 660-OPERATION AND MAINTENANCE4
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PERSONNEL MONITORING

r.

D

Section il
Personnel Monitoring

Pursuant to NRC and state regulations, all personnel who enter a
restricted area or are present during radiographic operations are
required to wear a direct reading pocket dosimeter with a range of
zero to at least 200 milliroentgens and either a film badge or
thermoluminescent dosimeter (TLD). The pocket dosimeter must
be recharged at the beginning of each shift. The operator should
frequently check the pocket dosimeter reading throughott the
shift. Records of the initial and final readings of the pocket
dosimeter must be kept for inspection by the NRC until it au-
thorizes their disposal.

In the event that a person's pocket dosimeter is found to be off
scale, that person must stop all work with radiation immediately.
His film badge must be sent in immediately for processing, and he
must not reenter a restricted area until it has been determined
thit he received less than the maximum allowed occupational

/'~\ exposure as defined in 10CFR Part 20.101.

RIdiography personnel should also have a calibrated survey
meter capable of measuring from 2mR/hr to at least 1000mR/hr to
determine radiation levels when performing radiographic
operations.

/''A
L)

MODEL 660-OPER.ATION AND MAINTENANCE 5
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ACCESS TO RESTRICTED AREAS

I n
V

Section 111
Access To Restricted Areas

Since this gamma radiographic system can emit high levels of
radiation when being operated, it is necessary to identify bound-
uies around the site where the radiography is being done. If a
permanent radiographic installation is being used, it must have
appropriate personnel access control devices as defined in
10CFR20.203. Otherwise, certain areas must be set off as
follows:

Access to the Restricted Area must be controlled. A Restricted
Area is defined in 10CFR Part 20.105 as the area where the
radiation exposure level exc+ 9ds two milliroentgens in any one
hour,100 milliroentgens 'n ;even consecutive days or 500
milliroentgens in one yez The Restricted Area should
also be posted with signs reading " Caution (or Danger)-
Radiation Area." Signs reading " Caution (or Danger)-High
Radiation Area" should be posted around the perimeter
where radiation exposure levels can exceed 100 mil-

fl liroentgens in any one hour. A physical survey with a surveyV meter should be performed while the source is at its expos-
ing position to confirm the radiation exposure rate at the
perimeter of the Restricted Area. In order to minimize radia-
tion exposure to the surveying personnel, a survey is not
required and should not be done to confirm the High Radia-
tion Area boundary.

The radiographer or radiographer's assistant must guard
against unauthorized entrance into these areas at all times.
No personnel should be allowed into the Restricted Area
without a direct reading pocket dosimeter and either film
badge or TLD.

|

|

MODEL 660-OPERATION AND MAINTENANCE 7 1
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TRANSPORTATION

O

Section IV
Transportation

RECEIVING RADIOACTIVE MATERIAL

The consignee of a package of radioactive material must make The following shipping procedures comply with NRC Regulations
arrangements to receive the package when it is delivered. If the 10CFR Part 71 and DOT Regulations 49CFR Parts 171 through
package is to be picked up at the carrier's terminal,10CFR Part 179 regarding the transportation of radioactive materials.
20.205 requires that this must be done expeditiously upon notifi-
cation of its arrival. 1. Ensure that the source is locked into place in its storage

position. To check this, the lock should be in the down posi-
Tech! Ops portable gamma radiography system components are tion, and the selector ring should be immobile. Attach a
normally shipped in two crates, inspect the crates for signs of tamper proof security seal with an identification mark to the
external damage. if damage is evident, the carrier's agent should storage plug.
be present while unpacking. SuNey the exposure device with a
survey meter as soon as possible, preferably at the time of pickup 2. If the shipping container is to be packaged in a crate or other

end no more than 3 hours later if it was received during work- outer packaging, the outer packaging must be strong enough
Ing hours. Radiation levels should not exceed 200 milliroen- to withstand the normal conditions of transport. These re-

igens per hour at the surface of the exposure device nor 10 quirements are outlined in 10CFR Part 71 Appendix A. The

millroentgens per hour at a distance of 3 feet f rom the surf ace. shipping container should be put in the outer package with

O Actual radiation levels should be recorded on the receiving re-sufficient blocking to prevent shif ting during transportation.
port. If the radiation levels exceed these limits, the container 3. Perform a radioactive contamination wipe test of the outer
should be secured in a Restricted Area, and the appropriate shipping package. This consists of rubbing filter paper or
personnel notified. other absorbent material, using heavy finger pressure, over

Open the crates and remove the remaining system components. an area of 100cm2(16 in2) of the package surface. The
TW we, activity on the filter paper should not exceed 0.001 Ci of

removable contamination.
a. Swivel clamp

4. Survey the package with a survey meter at the surface and
b. source tube clamp

at a distance of 3 feet from the surface to determine the
c. tnpod base proper radioactive shipping labels to be applied to the pack-

age as required by 49CFR Part 172.403. The radiation expo- Id. tripod rod
sure limits for each shipping label are given in Figure 4.1. If

e. control unit with attached control housing and drive cable radiation levels above 200mR hr at the surface or 10mR hr
at 3 feet from the surf ace are measured, the container must

f. three 7 foot source guide tube sections not be shipped.
These paris should be inspected for physical damage.

5. Properly complete two shipping labels indicating the radioac- |
The source isotope, activity, model number and serial number tive isotope, activity and the Transport index. The Transport
and the shipping container model number and serial number Index is used only on Yellow 11 and Yellow I!! labels and is
should be recorded in the receiving report. defined as the maximum radiation levelin milliroentgens per

hour measured at a distance of 3 feet from the surface of
the package. Put these two labels on opposite sides of the

SHIPPING RADIOACTIVE MATERIAL container af ter making sure any previous labels have been
removed. The package should be marked with the proper

The Model 660 meets the requirements for a Type B shipping shipping name (Radioactive Material Special Form, n o.s.).
container under the regulations of the U.S. Nuclear Regulatory if the exposure device is packaged inside an outer container,
Commission, the U S. Department of Transportation and the mark the outside package "lNSIDE PACKAGE COMPLIES
International Atomic Energy Agency. The container has been WITH PRESCRIBED SPECIFICATIONS-TYPE B USA /

O assigned USNRC Certificate of Compliance No. 9033 for domes.9033 B(U)."
tic shipments and IAEA Certificato No. USA /9033 B(U)T for in- 6. Complete the appropriate shipping papers. Examples are
tornational shipments. shown in figure 4.2.

MODEL 660-OPERATION AND MAINTENANCE 9
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MAXIMUM RADIATION LEVELS g
Surface 3 Feet

RADIOACTIVE. WHITE l

4.4
0.5mR hr None

RADIDACTIVE f ,
. .

s /

N., f'
RADIOACTIVE-YELLOW 11

4.4
50mR hr 1.0mR hr

RA,Dl0 ACTIVE 11,
.-. .

s L.J /
\., /

RADIOACTIVE YELLOW lli

O
e.a
a

200mR hr 10mR hr

RADl0ACTIVElli ,
=.. .-
sLJ/
h., [

Figure 4.1 Radiation Exposure Limits for Shipping Labels

CARRYING RADIOACTIVE MATERIAL the vehicle , the operator should survey the drivers compart- 1

ment to ensurethat radiation levels are below 2 milliroentgens
Any vehicle that is to be used in transporting radioactive material per hour.
should be in good operating condition and carry the normal
complement of safety equipment such as " Radiation Area" signs, in the event that the vehicle is used for storage, a survey must
rope, a spare tire, a fire extinguisher, set of vehicle tools, and a set be conducted to ensure that radiation levels are less than 2 mil-
of f| ares. The glove compartment should have the vehicle's regis- firoentgens per hour at a distance of 18 inches from the surf ace of
tration certificato and a working flashlight. Additionally, the dnver the vehicle. Also, if the vehicle is used for storage, it st ould be
mast have a calibrated survey meter and be weanng a dosimeter posted with " Caution-Radioactive Material" signs.
and a film badge or TLD.

If the vehicle is transporting a package beanng a " Radioactive
Before placing the container in the vehicle and secunng it aga!nst Yellow fil" label,49CFR Part 172.504 requires that the vehicle be
movement the operator should ensure that the container is posted on all four sides with a "R ADIOACTIVE" placard. It should
properly packaged, marked, and labeled, and that the proper be noted that operation of a vehicle which is required to be
shipping papers are completed as described above and are in placarded must comply with the Federal Motor Carner Safety
th3 drivers compartment. Af ter the container has been placed in Regulations. 49CFR Parts 390-397.

10 MODEL 660-OPERATION AND MAINTENANCE
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Figure 4.2 Examples of Shipping Papers
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HAND CARRYING STORAGE

in order to minimize radiation exposure, it is recommended that When stonng the system, the exposure device must be kept
care be taken when hand carrying the unit. Dosimeter and film physically secure to prevent tampering or removal by unau-
badge should be wom on the side of the body closest to the thonzed personnel. The storage area must be secured such that
exposure device. If more than one person is present, it is good no unauthorized personnel are allowed c ntrance where radiation

| practice to alternate the hand carrying between them to minimize levels exceed 2mR in any one hour. When storing the system
radiation doses to any one individual. Likewise, no person should between uses, keep the plastic caps (supplied with the system)i

be permitted to sit on or lounge against the exposure device. in place on the three guide tubes. this eliminates dust
accumulation within the tubes.10CFR Part 34 22 requires that
the exposure device be kept locked, and the storage plug in.
serted dunng storage.

!
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Section V
Operation

| PRINCIPLES OF OPERATION

The encapsulated radioactive source, which is stored in the 2. Inspect the end fittings to ensure that they are tightly con-
Center of the exposure device (see Figure 5.1(a))is attached by nected. Check the threads on the fittings, the control cable
means of a short leader to the drive cable. The hand crank on the connector and the male source connector for daraage.
control unit moves the drive cable through the control housing.
Figure 5.1(b) shows the source being moved out of the storage 3. During the first exposure of the shift, check the operation

position in the exposure device and into the guide tubes. This of the selector ring, lock assembly and control crank If

action occurs by rotating the hand crank in the EXPOSE (coun- o eration is difficult, retract the source to the stored position,
and survey the equipment according to the Operating In-

" Y " Ue ur stop he ea echa ic st patth rad operation.'
raphic focal position. The hand crank will not turn any farther and
the odometer in the control unit should indicate a reading which
approximates the totallength of the combined guide tubes. To

ASSEMBLYreturn the source to the exposure device (stored position), the
hand crank is turned to the full RETRACT (clockwise) position.

1. Position and secure the source stop of the master source
guide tube at the radiograpnic focal position using the tnpod

SAFETY PRECAUTIONS stand and swivel clamps.

2. Determine where tne exposure device will be positioned and
This system may be operated only by a qualified radiographer connect the extender source guide tubes as required, laying
and/or his assistant. The radiographer must be physically present them as straight as possible and with no bend radius less
and in direct surveillance at all times when the exposure device is than twenty inches. (Smaller bend radii will restrict the
being used. movement of the control cable).
Since the source emits high levels of radiation, it is good prac-
tice to operate the system from as great a d stance as practical

WARNINGand, if possible, from behind a radiation shield such as a heavy
steel or concrete object or the corner of a building. Never operate the systern with more than

" " "Radiography must only be performed in a Restricted Area which
e~is marked with the appropriate radiation signs, and secured

against unauthorized entrance. While assembling the system, it
is important to keep the exposure device locked at all times 3. Remove the storage plug from the exposure device and
except when operating. The radiographer and radiographer's connect the source guide tube (s) to the exposure device.
assistant must at all t.mes have a pocket dosimeter, either a film
badge or TLD, and a survey meter capable of measuring 2mRihr 4. Determine where the control unit will be positioned (as far

to at least 1000mR/nr. away from the radiographic focal posiNon as possible and
preferably behind a radiation shield) and lay out the control
housing with no bend radii less than 36 inches.

DAILY INSPECTION 5. Connect the control unit to the exposure device according to
the illustrated sequence in Figures 5.2 through 5.6.

Daily inspection cf the system is required to ensure tnat the
6. Before operation check a'l connections and bend radii, and

equipment is in proper operating condition. The inspection should
be performed prior to the start of each shift. check the position of the source stop, which represents the

radiographic focal position of the source.

O 1. Inspect the entire length of each source guide tube section
7. Check the operation of the survey meter by reading theand control housing to ensure that each section is free from

radiation level 6 inches from the surface of the exposurecuts and dents.
device. It should read no more than 50mR hr for a 100 curie
n2|ridiurn source.

MODEL 660-OPERATION AND MAINTENANCE 13
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Projector

Expose /

rp i / e

, _ Source
,

y

Source Stop
Drive Cable

"1 a a

3 m a d

" ",d (a) Stored Position Guide Tubes
'"

/ / -

Source

-s

Control Cable
(b) Source in Transit

Retra;t j j
: \ / /

Sou e

Source Stop
R rapNc

i (c) Source At Radiographic Site

Figure 5.1 Principles of Operation
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OPERATION

8. Unlock the exposure device lock and rotate the selector ring 12. When the source is properly stored in the exposure device,
to the OPER ATE position. The source is now free to move. rotate the selector ring from the OPERATE position to the

LOCK position and secure it with the exposure device lock.

OPERATION

NOTE
1. Return to the control unit. Adjust the odometer reset knob t

obtain a 000 reading on the odometer. if the selector ring cannot be rotated to the
LOCK position, the source has not been fully

2. Recheck to be sure that no unauthorized personnel are retracted. Check the control unit odometer
inside the Restricted Area. reading. It should be 000. Turn the hand crank

3. Rapidly rotate the crank in the EXPOSE (counterclockwise) to the full clockwise (RETRACT) direction.
direction to move the source to the radiographic focal posi-
tion. The survey meter should read about full scale
(1000mR,hr) for a 100 curie Iridium 2 source when thea

source first leaves the exposure device, drop gradually as
the source is driven to the radiographic focal position, and
remain steady during the exposure. The survey meter 1. Unlock the exposure device, and rotate the selector ring from

readings will be substantially reduced if the meter is operated LOCK to CONNECT. The control unit connector will partially

behind a radiation shield or if a collimator is used. disengage.

4. When the sou ce reaches the source stop, the hand crank 2. Refer to Figures 5.2 through 5.6 to disengage the control unit

will stop turning. Never exert more than 5 ft-Ibs of torque on from the exposure device.

the hand crank, as this may cause damage to the control unit 3. Replace the storage cover in the control unit connector and
or drive cable. The odometer reading will indicate the total rotate the selector ring to the LOCK position. Remove the
distance the source has traveled (approximately 7 f t. for one key and engage the lock to secure the exposure device.
source guide tube section,14 ft. for two source guide tube Survey the entire circumference of the exposure device with
sections, and 21 f t. for three sections). Set the brake to ON to the survey meter to ensure the source is properly secured.
prevent movement of the source during the exposure.

4. Unscrew the source guide tube sections and remove the

O 5. Figure the specimen exposure time from the moment the master guide tube from the tripod stand. Place the plastic
source reaches the source stop. caps on the tubes and on the Model 661 connector to elimi-

6. During the exposure, spend as little time as possible in the nate dust and dirt from entering the tubes.

Restricted Area to minimize personnel exposure. 5. Insert the storage plug into the guide tube connector and
7. To return the source to the exposure device after the desired tighten.

exposure time has elapsed, turn the brake to OFF and 6. Disassemble the tripod stand and store the system where it
rapidly turn the crank in the RETRACT (clockwise) direction will not be subjected to any undue stress or abuse.
until the crank will no longer move. The odometer should
read 000. During this process, the survey meter should
indicate a cordinually increasing radiation level up to approx-
imately 1000mR.hr for a 100 curie Iridium n2 source, then
drop to background level when the source is shielded in the
exposure device.

8. Approach the exposure device with the survey meter and
survey the exposure device on all sides. The meter should
indicate the same radiation level as observed in step 7 of
Assembly

9. Survey the entire source guide tube with the survey meter. lf
the meter shows a sharp increase, the source could still be
exposed or incompletely shielded.

10. If the source is still exposed, attempt to store it properly by
cranking the source a short distance toward the source stop
and retracting it, repeating if necessary.

11. If the source becomes jammed in an exposed position, do
not try to retrieve the source. Treat the situation as an emer-

O gancy; notify the supervisor and Tech: Ops, Inc. for help if
necessary.

MODEL 660-OPERATION AND MAINTENANCE 15
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Figure 5.2 Unlock the exposure device with the key provided and turn the selector ring from the LOCK position to the
CONNECT position. When the ring is in the CONNECT position, the storage cover will disengage from the

exposure device as shown.
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Figure 5.3 Slide the Model 661 connector collar back and open the jaws of the Model 661 connector. This exposes the male
portion of the swivel type drive cable connector as shown.

Mw
V .. Spnng loaded

locking pin
(under thurnbnail)

DANGER \*

4.4 1,,

8 % loot,

M Male ,

0
33/g

- *ivei
tw[.g)!YPEB. _

. / (,nnector

Figure 5.4 Engage the male and female portions of the swivel connector as shown by depressing the spring-loaded
locking pin toward the exposure device with the thumbnail. Release the locking pin and test that the

connection has been properly made.
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Figure 5.5 Close the jaws of the Model 661 connector over the swivel connector.
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Figure 5.6 Slide the Model 661 connector collar over the connector jaws. Hold the collar flush against the control unit
connector and rotate the selector ring from the CONNECT position to the LOCK position. Keep the exposure device locked

until operation is ready to start.

O
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Section VI
Source Changes

f Source changes may be done using Tech, Ops Models 414,650 chamber containing the new source and couple the drive
or 820 source changers, which also serve as shipping containers. cable to the new source. If the source is being removed to
A source change can be performed only if the user is specifically service the exposure device, connect the drive cable to the
licensed to do so. If not, TechiOps, Inc. can send a qualified jumper that is clipped inside the storage cover of the expo-
person to per form the source change, or the exposure device can sure device.
be sent to Tech, Ops for source replacement at the plant. The
source change must be done in a Restricted Area as described in 9. Return to the controls and crank the new source (or jumper)

Section Ill. Section 11 on Personnel Monitoring and Section V, on into the exposure device. If a new source is being trans-

Safety Precautions should be followed here as well. ferred, the survey meter reading should increase as the
source leaves the source changer and approaches the ex-
posure device, then drop to background level when the

To perform a source change, do the following: source is shielded in the exposure device. lf a jumper is being

1. Survey the source changer to ensure the source is in the transferred, the survey meter should indicate only back-
proper storage position. ground radiation levels.

2. Position the source changer and exposure device close to. 10. Survey the exposure device to ensure that the process has

gether so that one section of source guide tube will connect been property completed. Radiation levels should read no

O them with no sharp turns or bends. The bend radius of the more than 50mR.hr at 6 inches from the surface of the
guide tube should never be less than twenty inches. Shorter exposure device if a new 100 curie source has been trans-

bend radii can restrict source movement in the source guide ferred. If the j,umper is in the exposure device, only back-
tube. ground radiation should be detected by the survey meter.

Rotate the selector nng to the LOCK position.
3. Remove the storage plug from the exposure device, and

attach the source guide tube. Remove the source changer 11. Survey the source guide tube and source changer to check

cover and attach the other end of the tube to the empty that the source has been correctly transferred.
chamber of the source changer. 12. Secure the source (s)in the source changer in accordance
Attach the control unit to the exposure device as in Section with the appropnate source changer instruction manual.
V, Assembly. 13. Disconnect the control unit and source guide tube from the

5. Crank the source rapidly from the exposure device to the exposure device as in Section V, Disassembly, and discon-

source changer. During this process, the survey meter read- nect the source guide tube from the source changer.

ing should increase (to approximately 1000mR. hr for a 100 14. Remove the source identification plate from the exposure
curie Iridium * source) as the source is first exposed, fall device and attach it with seal wire to the source holddown
slightly as the source is being cranked out, then drop to cap.
background when the sourco is in the source changer.

15. If the exposure device contains a source, affix the identifica-
6. Approach the sourco changer and source guide tube with the tion plate of the new source to the exposure device. If not,

survey meter to ensure that the source is fully within the attach an EMPTY tag to the handle of the exposure device.
U #"9

16. If the source changer is to be transported, survey it to deter-
7. Open the source guides and disconnect the drive cable from mine the correct shipping label required as in Section IV,

the source assembly by moving the lock pin down and sliding Shipping Radioactive Material. (Radiation levels must not
the drive cable connector ball out through the keyway. exceed 200mR/hr at the surface nor 10mR/hr at 3 feet from

8. Disconnect the source guide tube from the source changer. If the surface) Bolt the source changer cover in place and
a replacement source is to be installed in the exposure secure it with seal wire.

device, connect the source guide tube to the fitting above the 17 Return the source changer promptly 1o Tech-Ops, Inc.

O Demurrage rental charges will be assessed for containers
held beyond normal operating time.

MODEL 660-OPERATION AND MAINTENANCE 19
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MAINTENANCE

L,1

Section Vil
Maintenance

To service the Model 660 exposure device and Model 664,693 or 9. Check the source guide tubes for binding by holding them
692 control unit the following equipment is required in addition to vertical and dropping a dummy source (or jumper) through
st:ndard tools such as screwdrivers, English system wrenches, them.
TRU-ARC pliers, etc.

10. Wipe the guide tubes and control housings with a cloth
Master Key (P/N A66001-11) soaked in chlorothene and flex them to check for internal
Jumper (P/N B6600120) damage. Damage is evidenced by a crunching feeling when

Drive Cable, short length (P/N BSK 1760) the housing or tube is bent. While doing this, feel for dents.
auen nu us gsagudtukssM,

U-Tool (P/N BSK 1761) be repaired or replaced.
Cleaning solvent (chlorothene)

11. The guide tubes or control housings may be covered withRivet gun and pop rivets (.125' diarmter x .294" long)
tape where only the outer plastic is cut through.

MIL-G-2387A grease (TEXACO "Ur.i-Ternp")
12. Using a Model 550 no-go gauge, check the male connector

of the drive cable. If the ball of the connector fits through the
CONTROL UNIT hole of the gauge or the ball shank fits into the slot in the

gauge, the connector is worn and the cable must be re-

Q Drive Cable, Control Housings and Source Guide pl ced. Refer to Figure 7.1

V Tubes-Disassembly 13. Lightly grease the cable using TEXACO " Uni-Temp" grease.

To service the drive cable, control housings and source guide Other greases may form tars or corrosive compounds when
tubes, follow these steps: exposed to radiation.

1. Disconnect the control unit from the exposure device.

2. Turn the hand crank of the control unit in the EXPOSE
(counter-clockwise) direction until the crank will no longer
turn. Do not use force, as this may damage the drive wheel
inside the control box. The emergent cable should be
cranked into a bucket or other container to keep it clean.

3. Disconnect the control housing from the RETRACT side of f'
the crank and remove the stop spring from the drive cable. =%, Holej
The drive cable will now pass through the crank. - 'w /""

% /* ~ '

"~% v4. Turn the crank until the drive cable is totally disconnected.

S. Pull the drive cable out through the Model 661 control cable g "mJ'Me

connector and coil it with a radius of no less than 4 inches. P' /

6. Remove the Model 661 control cable connector and connec- Slot '4 ./

tot plug from the control housings, and disconnect the other Gaugo Width
control housing from the crank. Label the housings for proper
reassembly.

7 Clean the drive cable with chlorothene and flush the control
housings and sourco guide tubes.

8. Using compressed dry air (15 psi max.), thoroughly dry the Figure 7.1 Model 550 No-Go Gauge
dnve cable, control housings and guide tubes. Any remaining

r solvent can cause permanent damage.m
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Crank Assembly-Model 664 Control Unit

To service the Model 664 control unit, perform the following CAUTION

steps: Insert the wear strip with care, since it will be

Disrssembly under tension and could pop out.

1. Remove the control housing and drive cable from the crank
assembly as described in the previous section. Refer to 5. Place the drive wheel (6)in the lower control box housing (4).

Figure 7.2 to aid in disassembly and for component identifi- 6. Position the two brake jaws (15), brake bearing (13) and
cation of replacement parts. brake arm (16) in the lower control box housing. When instal-

! 2. Remove the control box housing (4) from the frame (11) by ling the brake jaws, face the worn sides away from the drive

unscrewing the four binder head screws and is" nuts (1). wheel, as this increases their life.

3. Remove the crank arm assembly (3) from the control box 7. Place the upper control box housing over the lower control

housing by removing the ,is- hex head bolt (2). box housing whila keeping them level, and press them5

together.

8. Check the control box for proper reassembly by turning the
CAUTION shaf t. It should spin freely. If not, disassemble and reinspect

Make sure the cable adapters stay in the lower the parts for damage and proper alignment. Reassemble
control box housing during separation. Care and check the operation again.
should be taken to avoid possible injury from or 9. Mount the odometer assembly on the frame (11) by securing
loss of the tension-loaded wear strip. the gear box (22) with three flat head machine screws.

# 9
4. Separate the two halves of the control box housing, keeping

the cable adapters in the lower control bu housir'g to ensure
the wear strip (5) does not fly out. Remove the dnve wheel

11. Mount the control box onto the frame (11) and secure with(6), wear strip (5), two cable adapters (14), two brake jaws
(15), brake arm (16) and brake bearing (13). the four large binder head screws and l " nuts. Secure thea

crank arm assembly (3) to the shaft with the 5/ts" bevel
5. The two ball bearing assemblies (7) in each side of the washer (30) and 5/is" hex head bolt (2).

control housing may be lef t in place.
12. Af ter complete reassembly, check for proper operation by

6. Remove the reset knob (29) by loosening the two set screws, turning the crank, it should spin freely. Run the drive cable
and remove the odometer cover (28) by removing the two through the control box and turn the crank. It should tum
large binder head screws f astening it to the mounting plate. easily and with no snags. Set the brake to ON and attempt to

7. Check the odometer unit for proper operation. The unit turn the crank. It should not turn with moderate pressure. Do

should turn freely and without excessive play. Clean the not apply excessive pressure to the crank, as this may cause

hekcal gear (20) with chlorothene and lightly grease it with damage. If the control box fails any of these tests, disassem-

TEXACO " Uni-Temp" grease. If the odometer assembly is ble, check the parts for damage and proper alignment, then

defective, it must be replaced as a unit. reassemble and check for proper operation again.

8. To service the odometer assembly remove the unit from the Crank Assembly-Model 693 Control Unit j
frame by unscrewing the three flat head machine screws
holding the gear box (22) to the frame (11). To service the 693 control unit, perform the following steps:

1. Follow re;n 15, Disassembly, Model 664 Crank
Reassembly Assemby F.efer to Figure 7.3 for further disassembly and

f r part identification numbers.
1. Clean all the control box parts in chlorothene and dry them

thoroughly with compressed dry air (15 psi Maximum). In. 2. Remove the odometer mount cover (34) from the odometer

spect for damage and excessive wear. Replace any defec. mount (20) and check the odometer unit for proper operation.
The unit should turn freely and without excessive play. Cleantive parts.

a gear @ we @@ene and QW pase d
2. Lightly grease all moving parts at their contact surf aces with w@ ni Temp" grease. If the odometer

TEXACO " Uni Temp" grease. assembly is defective, it must be replaced as a unit.
.

o

3. P| ace two cable adapters (14)in the lower control box hous- 3. To service the odometer, remove the odometer mount cover
ing (4)with the angled sides f acing inward in order to provide (30) from the odometer mount (20), remove the odometer
clearances for the drive wheel (6). reset knob (29) by unscrewing the two set screws, and

4. Place the wear stnp in the control housing- unscrew the two attaching large round head screws (35).

O

22 MODEL 660-OPERATION AND MAINTENANCE

- _ _ _ _ _ _ _ _ _-



..
__ __ . __

_

MAINTENANCE

4. Follow steps 14, Reassembly, Model 664 Assembly.

V 5. Resecure the odometer to the odometer mount (20) and
secure the odometer reset knob (29) and odometer mount
assembly cover (34)in place.

6. Secure the control box to the control handle (17) and odome-
ter mount (20) with the four large binder head screws and %"
nuts, and secure the crank arm assembly (3) to the shaf t with
the She" bevel washer and Sha" hex head bolt. Follow step 12
of the previous section for checking of operation.

Crank Assembly-Model 692 Control Unit

1. Follow steps 1-5, Disassembly, Model 664 Assembly. Refer
to figure 7.4 for further disassembly and for part identifica-
tion numbers.

2. Follow steps 1-8, Reassembly, Model 664 Assembly.
3. Secure the control box to the control handle (17) with the

four large binder head screws and 3 " nuts, and secure thee
crank arm (3) to the shaft with the Sas" bevel washer and
Sne" hex head bolt. Follow step 12, Reassembly, Model 664
Assembly,tocheck operation.

Drive cable, Control Housing and Source Guide ,

Tubes-Reassembly

1. Attach the control housing to the EXPOSE side of the control
box and to the Model 661 connector.

. 2. Feed the drive cable into the control housing as far as it will
go. As the drive cable is being fed in, feel the resistance to

L the drive cable to detect any binding of the cable. This
indicates a dent in the control housing which should be
repaired or replaced.

3. Turn the hand crank until the drive cable is protruding, and
screw the stop spring to the end of the drive cable.

4. Connect the other control housing to the crank and to the
connector plug.

5. Turn the crank fully to the RETRACT position and watch for
any binding of the drive cable to check the other section of
the control housing for dents. Repair or replace the control
housing if necessary.

6. Place plastic dust caps on the ends of the source guide tubes
and Model 661 control cable connector to eliminate dust
accumulation.

Ri
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- 6 1 #10-32 x 1 % Eand. Hd. Screw and #10-32 Elastic

Stop-Nut (4 Each Required).
" 2 5/16-18 x 5/8 Hex. Bolt (AN 10-5)

7 ~. d ''' 3 B68901 Crank Arm Assembly-

4 C68300-1 Control Box Housing (2 Required)
I 5 A68900-7 Wear Stnpp4,

6 C68900 9 Dnve Wheel.g,

7 Ball Beanng Assembly,,
8 8 A66404-1 Gear Shaf t,,

'

~s 9 Oitite Beanng-Bost. Gear #B48-3
N 10 Dowell Pin-3/32 Dia. 5/16 Lg.10 %, % s

'
11 D66410 Fra me'

'

12 Helical Gear-Bost. Gear #H2410L'

' '
13 Brake Beanng-Bost. Gear #B35-4
14 B68900-2 Cable Adapter (2 Required)
15 A68900-4 Brake Jaw (2 Required)

o - 16 A6d900-3 Brake Arm
* # 17 Odometer-Durant #3Y 8822 R-S-AC

% e 18 A66403 4 Couplingn

) ~

19 Nylon Bearing-Thomson #4L2-FF (3 Required)%

20 Helical Gev-Bost. Gear #H2412L
'

21 A66403 3 Odometer Connecting Shaf t
22 866403 2 Gear Box

I 23 B66403-1 Mounting Plate
| 22 24 #8-32 x 3/8 Bind. Screw (3 Required)

| / 25 #8-32 x 114 Bind. Hd. Screw (2 Required)
,7 19 26 #4-40 x 1/4 Bind. Hd. Screw (2 Required)' "a 32 27 Rubber Gasket-Greene Rubber Co, #GR-121.

21 - 9; - 20 28 B66403 5 Cover
J - g 'g 29 - Reset Knob-Raytheon #701-2

18 . 1 g' W ,3 30 M6 Bml Washer
17

g g 31
,t' 19 - 3o 31 Grip Ring. Tru-Arc #5555-25(2 Required)N y' "9' '"~^- 29

M ' ~ _ . - 27
\ 26 -.. ; g3 h -- - 28

-

,,- ~~ g4
I -

b '~ - ' ~- 24

g- 25

O
Figure 7.2 Model 664 Control Unit-Exploded View
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1 #10 32 x 1-% Bind. Hd. Screw and #10-32 Elastic

Stop-Nut (4 Each Required).
j | 2 5/1618 x 5/8 Hex. Bolt (AN 10-5)4_# 3 B68901 Crank Arm Assembly=

*
Gi!> 4 C689001 Control Box Housing (2 Required)=

I '
5 A68 M 7 Wear Stnpg gg9 i ' 18 6 C68900-9 Drive Wheel

10 ' *% , i {f 7 Ball Bearing Assembly
,

8 69302 1 Gear Shaft's 9 Oilite Bearing-Bost. Gear #B48 5
10 Dowell Pin-3/32 Dia. 5/16 Lg.. .

J 11 #8 Sheet Metal Screws 5/8 Lg. Flat Head (2 Required), '

Y'
- 12 Helical Gear-Bost. Gear #H2410L'

11 o 13 Brake Beanng-Bost. Gear #B35-4%

s
'

.. t $2 14 B68900-2 Cable Adapter (2 Required)
]," s '#

15 A68900-4 Brake Jaw (2 Required)s

i / - 16 A68900-3 Brake Army
17 C692011 Control Handleg -

c=> e 18 B69201-2 Handle Filter97 _ >
a 19 Handle Grip Hunt-Wilde #FG-1114 Stock #1856'

20 C693011 Odometer Mount
29 21 A69301-3 Window

' ' '

kI 28 \ 22 Counter Durant #3Y4822-R-ACa
4'a g o 23 A693031 Odometer Drive Shaft

35 6 33 24 Roll Pin,1/16 Dia. x 1/4 Lg.
/ D 25 E-Ring. Tru-Arc #5133-25 (2 Required)

4 25 26 Spacer, Pic #B811(114 Dia. x 1/8 Lg.)

20 [ -
. ~ 27 27 Helical Gear-Bost. Gear #H2412L

D

'-- 26 28 Spring Washer, Shakeproof #350214-48
29

21 25 Reset Knob-Ra@ eon #7p2
30 5/16 Bevel Washer

23 31 #8 32 x 3/8 Bind. Screw (4 Requ6 red)ss

22 , 32 #4-40 x 3/16 Bind. Hd. Screw (2 Required)
33 10-32 Locknut, Elastic Stop Nut #22 NTM42,

.I
24 (4 Required).

-

+ 34 A69301-2 Odometer Mount Cover.

35 4 40 x 1/2 Rd. Hd. Screw (2 Required); .,

34 - -- 32
b|

|. A
31 ' |

6

Figure 7.3 Model 693 Control Unit-Exploded View
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6
14 15 14 869201-2 Handle Fillerx
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Figure 7.4 Model 692 Control Unit-Exploded View
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h00EL 660 EXPOSURE DEVICE 15. Place the selector body (6) on a flat surface so that it is
resting on its %" hub.

To service the exposure device, remove the source following the 16. hsert the two short compression spongs (8) and locking pins
source changing procedures of Section VI. (Before removing the N W m N @ of N sele %source, check the female dnve cable connector of the source with
c Model 550 nososaugo as in Figure 7.1;if the gaugo width can fit 17. Place the selector nng (5) over the selector body (6) while
into the female slot, the connector is worn and the source must be restraining the locking pins (7). Ensure that the lettering
replaced.) After the source has been removed, service the expo. (OPERATE-LOCK-CONNECT) on the selector nng is facing

sura device by performing the following steps: up and that the stop pin on the selector body is in the cam slot
of the selector ring. This is shown in Figure 7.8.

1. Remove the Danger Tag (secured with rivets) from the bot-
tom of the rear plato. 18. Hold the selector ring (5) and selector body (6) together and

place them over the assembly shown in Figure 7.7. The
2. Retrove the rear plate by unscrewing the six phallips head g em@s sNwn in Rgm M Mgn hsmg

screws securing it to the exposure device body. assembly such that the two large holes in the selector ring
3. Unlock the connector lock, and then remove the lock assem- retainer (9) line up with the two large holes in the selector

bly and control unit connector assembly by unscrewing the body (6). The internal locking cam will partially block these
six socket head screws securing them to the rcar plate, holes.

4. Disassemble the control unit connector assembly. refomng 19. Insert the anti-rotation iugs (4) and long compression spnngs
to Figure 7.5 for component identification and for order of (3) into the two largo holes in the selector body. Secure the
removal. There are several spring loaded parts in the con- resulting assembly onto the rear plate with four socket head
nector assembly, so care should be taken that these parts screws. The word OPERATE should be facing outward, and
tre not lost. should be in the 12 o' clock position.

5. To disassemble the lock assembly, refor to Figuro 7.6 for 20. Connect the jumper to the shott length dnvo cable and insert
component identification and for order of removal. Remove the cable through the rear end plate and control unit connec-
the lock (5) from the lock retainer (3) by unscrowing the for assembly.
screw (4) and turning the key about 90", 21. Insertthe U toolintothecontrolunitconnectorassemblyand

) 6. Remove the front end plate from the exposure device. and check the operat on by turning the selector nng from OPER-
remove the guide tubo connector and retaining nng with Tru ATE to CONNECT several times If the connector assembly
Arc pliers, refomng to Figuro 7.5 The handle may be lef t on does not operato properly, disassemble and inspect the
the front plato. parts for damage and proper alignment. Relubncato the

paris and reassemble.
7. Clean all parts in chlorotheno and flush the source tube with

solvent. Dry the paris and the source tube thoroughly using 22. Secure the rear end plate to the exposure device and handlo

dry compressed air (20 psi maximum). Clean the S-Tubo in using the six attaching phillips head screws and replace the
the exposure device by running a cloth soaked with protectivo plato over the bottom two rear plato screws using
chlorothene through it several times. Dry the S Tubo by pop nvets (.125' diameter x 294"long).
running a dry cloth through the tubo.

C. Inspect all parts for damage or excessive wear, and replace if FINAL INSPECTION
necessary Uso Figures 7.5 and 7 6 for component identifica-
hon numbers.

1. Check the system for proper reassembly Check allconnec.
9. Lightly grease all moving parts at their contact surfaces with tions and fittings for tightness Check for proper operation of

TEXACO " Uni-Temp'' grease. the control unit and control unit connector assembly-

10. Reassemble the front end plato, and secure it to the expo- 2. Reload the source in the exposuro device by following Sec.
sure device with the propor screws tion VI, Source Changes.

II . Reassemble the lock by placing the return spnngs and spnng 3. Survey the exposure device on all sidos to ensure that radia-
guides into the lock (5) depressing the internal plunger, tion fuels do not excm! 200mR/hr at the surfaco nor
inserting the lock (5)into the lock retainer (3), and seconng 10mR,hr at 3 feet from the surf ace

the lock with the set screw (4)' 4. Check the exposure devico for the proper labels.
12. Attach the lock assembly to the roar plato with two socket

head screws.
LEAK TESTING13 To reassemble the control unit connector assembly. refer to

Figuros 7.7 through 7 9

j4 Fafer to Figam 7.7 and place the compression spnna (10)o" at intervals not to excrw! 6 months This can 130 dono umna,

the hub of the sekictor ring retainer. The spong should t o Tech Ops Model 518 Leak Test Kit Tho test must t o performedin
firmly scahd over tho hub. Then placo tho sleeve (11)on top ot a properly secured Rostncted Area and with the appropnato
the compression spring (10) radiation monitanng equipmont
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$ 1 - - - - - - - Socket Head Screw, #10 32 x 10., Stainless'

i- 2 C66001 13 Rear PlateQ ; g
i 3 - - - Compression Spnno #LC O260 7MW, Lee

,Q
, 4 A660016 Anti Rotation Lugs

i | 5 066001 2 Selector Ring
*9 | 6 B66001 1 Selector Body-

N_s 1 A66001-5 Locking Pin,

. 'is. h) | 8 ---- - Compression Spring #LC 032E-1MW, '

;J;N;' 9 Bc400i 3 Seiector n,no notainer
10 - - - - Compression Spnno #LC-045H-1MW. Lee
11 A660014 Sleeve
12 -- -- Heavy Duty Retainng Ring. Tru Arc #5160-98
13 B6550t 8 Connector
14 C66001 14 Front Prate
15 Source Identification Piate

Figure 7.5 Flear End Plate and Control Unit Connector-Exploded View
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Figure 7.6 Lock Assembly-Exploded View
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LEAK TEST CONT.

1. Moisten the wipe test swab with EDTA solution.

2. Remove the shipping plug and wipe the inside of the S-tube
and the female connector assembly with the wipe test swab.

3. Place the wipe test swab in the plastic envelope. v.

4. Set the survey meter on its most sensitive range and place
the meter in an area with low background radiation. Move the
wipe test swab towards the meter, and observe the radiation
level indication.

5. If the radiation level increases less than 0.2mR'hr above
jbackground, place the plastic envelope into the mailing box 2

e nd mail to Tech | Ops, Inc. Be sure to complete and return the N - ?,jp4
identification sheet.

6. If the meter indicates a higher radiation level, do not mail the +.

wipe test patch and do not use the exposure device. Contact ,1
Tech / Ops, Inc. for further instruction.

TRIPOD STAND
|

Refer to Figure 7.10 for component identification of the tripod
st:nd.

CUlDETUBES, CONTROL HOUSINGS AND DRIVE CABLE-
REPL/. CEMENT >

P:rt Number Component
B48906 Master Guide Tube j

(with source stop)
848907 Extension Guide Tube

t

859100 Control Housing I'
(25 foot)

A59100-1 Swage Fitting
(for control housing)

A55005 Drive Cable

EXPOSURE DEVICE REPLACEMENT PARTS

\Ref;r to Figure 1.2.
4

Use these component identification numbers when ordering:

D66001 Exposure Device (Complete)
B66001-7 Storage Cover

a LG pan head screw- # 6-32 x s

C66001-10 Source Identification Plate 1 40201 7 Burette Clamp
2 40201 8 Clamp HolderA66001-11 Key
3 P O 402019 Aluminum Rod. h* Diameter x 32* Threaded 1s-16 x Es*

B6600121 Danger Tag 4 P O 40201-9 Tripod Base
B6600120 Jumper (Inside Storage Cover)
- Sash Chain. 24", steel' copper (NS)

A52401 1 Storage Plug Figure 7.10 Tripod Stand
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Model 900, 910 and 920

Instruction Manual

- DRAFT: 4 Augunt 19H3

NOT I t.1:

This gamma radiography system is use.1 as a radiographic exposure devic.e and

Type B shipping containct for Tech / Ops , Inc. sour ecs. 'the urer

should become tharoughly familiar with the instruction m:mual bef ore attegtina

operation of the equipment.

In order to use this equipment or perform source changes, the user must bo

specifically licensed to do so. Applicat ions for a license should be filed on

#m Forra NRC-313't with the !!aterials Licensing Branch, Division of fuel Cycle and)Qi
1: steri 11 Safety, Office of Nuclear Saf ety and Saf er;uar ds, U.S. Nucicar

Hegulatory Cot.;aission, tJashington, DC 20555. or with the. appropriate agrectuent

N state office.

Prior to the initial use of the czponure device as a shipping container, the

user should register with the Transportation Certification Bronch, Division of

ruel Cycle and t:aterial Safety, Office of t:ncient Safety t.nd Safcatards, U.S.

:.uclear llegulatory Commission. The user should have ia his possension a copy

of the USNRC Certificate of Com>1ianec inaued f or the exposure device, which

may be obtained frou Tech / Ops upou request. This requirement also applies to

users f rom agrecracat states.

Users of this equipnent outside of the United States nust comply with the

rtgulatory licensi t: and t ransportat ion : ules and r enulations as they apply
V.A ;

in their respective countries. I
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GE!4ERAL INF0ldi\ TION

~

A. General
~ ~

The !!odel 900 Serier portabic rama radio: raphy systems, show:ht. *

Figure 1.1, are used primarily for industri.1 radiography. Tl'c aysti.n.a

operate in similar iaanner and differ only in the specific control unit

supplied.

The portability feature of the systems provides both a convenient means

of transporting the radioactive source and operating ficxibility, par-

ticularly useful in areas where ar cess is limited. In use, the syste:a

allows reuote positioning of an iridium!"' radioactive saurce at a
6predetermined location. The %0 (panoramic) radiation pattern uay be

O
k used to f ull cdvaat a;,c , e ither f or mult iple specimen work or for cir-

cu:af e rent i . i c:,posure t echn itpe.i . Optianal collinators are available

which limiL the panoreddic pat tern t o a direct ional beam. The syntems

may be used wit h iridium''2 sources up to a maximum of 100 curies f or

the 1:odel 900, 25 curies for the !!odel 910 or 200 curica for the !!odel

92e. Iridion!" sources of leasor act ivity are availabic. Basic source

information is inscribed on the nameplato of the exponute devict .

6. yptem Sately

The systems are desi ened to pros ide a tunaber of naf ety features undert

normal conditions of use, There is posit ivt mechanical control of the

source, and an odoraeter provides a visual indication of the drive cable

c.s ,

1
.' |1 -

i
.
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posit ion. In addition, the source connector is designed so that

under norzaal conditions ot operation:

a. The system cannot bo operated (source exponed) unlocs
~

a secure connection o' the source assombly to the.

drive cable is nad. mid
,

b. The control unit evnnot bu disconnected unlesu tile radio-

activo source assembly la properly stored in the shield.

C. System Components
e

All components of the ganana radionraphy syntens arc identified in FLiure 1.1.

1. Cam:aa Rcy l'rojector !!odels 900,910andM0

The e.:posure device norves as the storage and transport

device for the radioactive source ansembly. The expo::ure

device consista of c steal honcton which contains a depleted
_

uraniun chield. Unen t in' nontce in properly ntored in iln.

cxpolute device, the shielding propert ten of the depicted

uraaiuta reduce radiation intetuitics in the vicinity of

exposure device to Icvels well below the regulatory limits.

Picuro 1.2 shows both ends of t he exponuro devico. A Lpecial

por;itive connector in locat ed at one end. Thin connector le

used to engago the cont rol unit. The cont rol connect or haa
,

i

a threc-position seicetor ring I OpERATI, LOCK and 00::it'CT.

For maniimira safety hhen t he control unit in disconaceted

f rov. the exposure device, the nt ovano cover should bo

installed and the coiniector nhould be in the LOCK posit ion with
|

| the lock enga.,cd and the I cy removed. All of the connector |
"

o 1

,_,

, |

. |
'
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positions are discussed in detail in Section IV, OPI:RATI0ti.

The guido tube cot.uccLor is located at the opposit( cnd of

|
the exposura device. Finute 1.2 identifics the connector. |,,

|
'

| Also shown in Figure 1.2 is the ludicator knob, which in s
I

connected to the indicator sliile. The indicator slide uurt i
-

be in the UP position in order to perform an exposure, and

! auto.natically moves to the DOWri position when the source in

retracted. The indicator knob serves an a visual positive ,

scurce pusit ion indIcal or. The indicator . slide prevent n the

entry of f oreign material when in the IXMI;i position. A

i positive mechaaie.it stop prevent o opening the indicator slide '

i

unicas the source g' aide tube is connected. >

The si:'e and voight e of t.im !!odel 900 series exposure devicco [
;

are p.ecent ed in .%ct ion 1.l: !

2. Cuide Tube Assem'alv

Feveral optional arrangeuents for guido tube anscre'olics are

availabic and are described fu Section I.E. Guide tubos are ,

! made trom ficxible stainicas steel tubing with a protective

polyvinyl covering.i ,
'

!

! !

| The system should never be operated without a source stop i

!

in place at the end of Ihe guide, tube assembly. This cource fL
,

| stop may be a fixed atop at tached to a unuter guide tube j

t.cet ion, a removable at op at tached to an extendor guide
i

tubo sectiini, or a colliuator containing a source stop at tached {
lo an extender gulde tulee. Utio of the system without a pourco f

O ?
i

!
,

; |
i-4
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m
stop in p Lee at the and of the guide tube can allow the'

source assciably to emerge from the nuide tube to a position

from which it may not properly retract. This may also allow dirt
,

. .

to enter the l'uide tube canaina operational dif ficult ies.

Ibe icngth of the nuide tube assewhty tanst alw:iyu be 1cca

than the lengt h of t he control sinit. Whtu uaing a 25 ft.

(7.6m) long control unit , we reconancud that the guido tube

assembly doca not exceed 22 icct (6.7m). When using a 35 ft

(10.7:a) lona control unit , we recommend that the guide tube

asscubly does not exceed 30 feet (0.1m).

3. Triped Stand

The tripoJ stand provides a means of securing the source stop

( to allow the source to be posit loned at the desired focal

pos it ion. The e,t a:ul h.ni .vuus.t.ihle clampo which will provide un

unlimited d. mice os po t i t ion.ine, f lexibility. 1hc weighted tripod

base provides a solid foundat ion for the nttind. The tripod

stand, completo with clataps, volghs approximately ten poundr

(4.5kg).

14. !!odel _664 Control Unit

The liodel 664 control unit cons tri n ul a hated crank, odorcet er, two

control houaingn, drive enble ai d lightuelght convenlent rahle

.i t o r a;' e r e c t . The ntandaril control unit hau 25 ft (7.6 i)
.

cont rol housing,s. Opt ion lennthn are available up to 35 feet

(10.7n).

O
1 S
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In operat ioa, Llie h.n.d crank cont roln the moven.'en' of th'

sentce betweca the titoranc po:.it io.i in the expot.ute devic e

', and the npouurc position in the y,uide tube. The odoaicter

indicat es the distance (in teet . nut incher) that the soare;

aad drive cable has been inoved i rsea it s storage posit. ion.

The reel providei a convenient sierage tacility for bott, the

control cabic and tla ruide inhen.

The inner helically-wound ficxibic steel drive cabic (the

actual con' rolling cleinent ) t erminist en with the rnale ect ion

of the t.wivel-type cable co pieet or oned to ::ecurely enip,,t' the

radio.ict ive courec ar;os als i v . lhe drive cable connector peruitt,

the diseennect ien et the cont rol u. tit and replaccuent of the

nource. .\ r. cop spiinq in inst..lled at the opposite end of I he

dcive cable to )rev nt the Jrive cable from bning inadvertently

craaked of f the dt ive ne n . 'ihe control I. oat;ing is teruliut ed

at oae end by the cont rut cable connector whicli nntes with the

por.it ive connect or on ll.e exposure device and at the other end

by a it t iner which .it t ach it io ihe ma in t raine at the iontrol

na i t. T h e 6 t,<. cont col tuli vii h t he cont t oi ho ir.inga ann

drive e ibit weich approx iii.at c 1 y t went y-t wo pnun Is ( 1011.) .

's . lioJil fi43 Control tfnit

't h. 1:0 del 693 coot rol unit in niuilar ia tha l'odel 66' cont rol

unit . Ilowever , the Itodel finj ttait doou not hsve tiu st ore"6.

rect. It it. provided with a pint ol prip lunulle for convs.nio.t

~] epetatien. The || ode i fio) coat rol unit wilh tin: contro. cable
,

p
beirns .ippl ek inat ely n inet een po indi. I U .6Lg ) .

16
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6. 11odel 692 Control Unit

The !!odel 692 control unit is nimilar to the Model 693

control unit. Ilowever, the liodel 692 unit dovs not have-

-.

an odometer. The !?o.lel 692 conttol unit with the control

cable weighs approximately eighte"n poundn (8.21;g).

D. Radioactive Sourec Assembly

The radioactive iridiuiant source must be ordered separately fro::t

other system components. The !!odel 900 series exposure devices can

operate with various activity sourcen up to a maximum of 200 (+26:')

curies as described in Section I.E. The radioactive material is stwled

in a stcinicas steci capsule whicli is installed inside a source holder

ansembly. The end of the source holder assembly has the female section

of a swivel-type connector firuly at t ached t o (L to provide a t.ecure

conneetloa ti.Ih. .irive e.ible.

Tl.c i:ource i.iay be ch.inted only by a unar Iicenaed to do no. Tlii a in

done using a Tech /0;"i !!odel 6"20 source changer which also r.c::vt s au

a shipping container. An unlicensed user can have Tech /Opn either scnd

a qualified persen to perfotm this operat len, or chant;c the source at

its plant location.

|

O)L
It -
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E. Specifications
| [
I
| 1. Exposure Device

Model 910 9$0 920,.

Length 12.2 Sin 12.251n 12.25fn
(31 inun) (311te) ( 311r.ai)

,

Width 5.251n 5.251n' r 5.25in'

( 133.v.i) (133uun) (133nu)
{

l Height 7.75fn 7.751n 7.751n
(197 pun) (197oun) (197nua)-

'
Hass 341bs 441bc 40lbs

(15tn) (20kg) (22kg)

Shielding 181b3 281ba '. 324s
(DepictcJ Uranium) (8.2kg) (13kg)" (15kg)

'

,

!
-

i,
'.

capacity 25C1( + 20%) '100C1( 20%) 200ci(420%)

Sourco Assca.bly 14odel 91003 Hodel 90003 14odc1 90003

Type 81Jontification !!8A/9149/11(U) USA /9141/11(U) U!:A/*/143/11(t!)(
2. Couttel Unit

. .

,

thidol o64 693 692'

Type Real Pi9tol Crip Pistol Crip
(6.61n x 12in

x 211n)

Standard . 25ft 25ft 25ft
control Length (7.6m) (7.6m) ( 7.6ta)

Optional Length 9 to 35ft (10.6ni) avallebte

Odometer Yes Yes tio

Ucicht (Standatd) 221ha- 191bn 181bn
'

,

(10kg) (8.61cg) (ti .2kg )

P
'

1-M ,

'
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3. Guide Tubts

Model Length Terminations

( 90201 7 ft (2.1m) Quick Disconnect - Fixed Source Sto
.

-

90202 7 ft (2.1m) Quick Disconnect - Female Thread

90203 7 ft (2.1m) Halc Thread - Female Thread
~

90204 7 ft (2.1m) Male Thread - Fixed Source Stop,

90205 14 ft (4.3m)' Onick Disconnect - Fiicd Sobree Sto

90206 21 ft (6.4m) Quick Discotmect - Fixed Source Stc,

F. Optional Systeu Accessories

Model 40201 Tripod Stand

Model 90207 Removabic Source Stop

Model 903 Panoramic Lead Collimator
(360' x 30'; 15 pounds; 7 kg)

!!odel 904 Directional Lead Collimator
0(30 x 60'; 15 pounds; 7 kg)

Model 906 Directional Lead Collimator
0(60 cono; 3 pounds; 1.4 kg)

C '
Model 907 Direct ional Lead Co11inat or j

O(uG cone; 3 poun !::; 1.'s hg)
'

Model 911 Directional Tuu:piten Collimator
(60' cone; 1. pounds ; J.'l kg)

Model 912 Directional Tungsten Collimator
0(60 cone; 5.ipounds; c.T kg)

Model 913 Isirect inual Tun;p; ten Collimat or
'

(60' cone; s7 pounds; 6.t kg)

Model 914 Panoramic Tun;; sten Collimator
8 0(360 x 20 ; 6 pounds; 2.7 kg)

Model 915 "J" Tube Radiography Fixture

Model 534 Slide 1:ule E::posure Calculator

Model 550 Connector Wear,Ga::e

Model 492D CAMItALAlud Radiation Monitor

Model 492E GAlmALAIU; Remote Flasher

(
b Model 850 Source Channer

1- 9
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SECTION Il
.

' PERSONNiiL l'ONITORING -- i

' Pursuant'to NRC and state regulations, all personnel who enter a restricted

d i area or are present during radiographic operationn are required to wear a

direct reading pocket ' dosimeter with a ran;;c of zero to at 1 cast 200 milli-

roentgens and either a film badge or thermoluminescent dosimeter (TLD). The

pocket', dosimeter must be recharged at the beginning of each shift. 'lhe

operat or should frequently check the pocket dosimeter reading throughout
t

s

the shift.' Dosimeter readings inust be recorded at the end of each shif t.
<,

Records of the initial and final readings of the pocket dosimeter must be

kept for inspection by the NRC until it authorizes their disposal.
'

t
'

In the event that a person's pocket dosimeter is found to be off scale, that

pe rson n.ust stop all work uith radi.it ion immediately. Ilir film bad::e (or 'lLD) ;

must be sent in israediately for processing, and he must not reenter a restricted

area until it has been determined that he roccived less than the maximum allowed'

occupational. exposure as defined in 10CFR Part 20.101.
5

t Radiography personnel should also have a calibrated and operabic radiation

survey n:cter capable of measuring from 2raR/hr to at Icas.t 1000mR/hr to

determine radiation Icvels when performing radio;traphic operations.
~

,

O l
( i

2-1 |
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SFCTION 11I
(

ACCT.SS TO Rii.STRICTi.D AREM;

Since this ganc.ta radiographic synt r't- can emit high levels of radiation When-

being operated, it in necessary to ident ify boundarien arour.d the sit e where

the radiography is beiag done. If a permanent riidiographic installat ion is

beine used, it snust have appropriate personnel access coi. trol device:. i.--

delined in 10CFR20.203. Otherwise, certain areas must be set oli as follows:

Access to the restricted aren must be controlled. A restricted

area is delined in 10CFR20.105 as the area where the radiat iou

exposure leeel exceeds two niilliroentnens in any ooc hour, or 100

ciilliroentgens in seven censecutive day:, hr 500 uiilliroentgens in

one year. The restricted area should aino be posted with signs

k(qj reading " Caution (or Danner) - Radiat ion At ra." Sigun reading

" Caution (or Danger) - liigh U.idiat ion Area" should be po:sted around

the perimeter . die r e radiat ion er.posur e levels can exceed 100 uilli-

roentrent in .my one hour. A physical .urvey with a survey meter

should be performed while the source i :, at its expositig positiva

to cuafirm the radiation exposure rat: at the peri:neter of the

Restricted Area. In order t o miuiiti::e radiation exposuie to the

surveying persor.nel, a survey it. not required and should not be

done to confirn t he liit:h Radit.t ion Area b.sundary.

The rac iographer or radiographer 's assist ant r.iu s t guard against unauthori.ed

entrance into these areas at all t iues. Ne personnel should be allowed into

the restricted area without a dircet rending pocket dosimeter and either film

p, badge or TLD.
! !

(v
3-1
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(- SECTION IV

TRANSPORTATION AND STO!: AGE

.

-

A. Receiving Radioactive Material
-

The consignee of a package of radioactive material must make arrangements

to receive the package when it is delivered. If the package is to be

picked up at the carrier's terminal, 10CFR Part 20.205 requires that this

be donc expeditiously upon notification of its arrival.
|

Tech / Ops portabic gamma radiography system components are normally

shipped in two crates. Inspect the crates for signs of external damage.

If damage is evident, the carrier's agent should be present while un-

packing. Survey the exposure device with a survey meter as soon as

possible, preferably at the t i n. o f pickup and no more than three hours

(r) later if it was received durin:; wort. inn hours, or no more than 18 hoitrs

later if it was reccived af t er animal work in:; hourn. Radiation Irvels

should not exceed 200 milliroentgenn per hour at the surface of the

exposure device nor 10 milliroentgens per hour at a distance of three

feet frota the surf ace. Actual radiation levels should be recorded on the

receiving report. If the radiation Icvels exceed these limits, the con-

tainer should be secured in a Restricted Area, and the appropriate

i

personnel notified. '

Open the crates aad remove the remaining system components. They

are:

: a) swivel clamp

b) source tube clamp

(O c) tripod base

|
|

4-1
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d) tripod rod

e) control unit with attached control housing and drive cable,'

f) guide tubes

These parte should be inspected for physical damage.

The source isotope, activity, model number and serial number and the

shipping container model nuuher and serial number should be recorded

in the receiving report.

3. Shipping Radioactive !!aterial,

The !!odel 900 series exposure devices and the 11odel 850 source chan;;er

meet the requirements for Type 14 shipping containers under the regula-

{'7
,

/ tions of the U.S. Nuclear Regulat ory t:o:wnission, the U.S. Department ofe

Transport at ion . 1 the Int ern.it inact) At omic Enerny Agency. The devices

have been aanigned USNRC Certilicater of Compliance for domestic ship-

ments and IAEA Certificates of Competent Authority for international

shipments. The package ident11ication numbers are 1isted in Sec. ion I.E.

The following shipping procedures comply with USNHC Regulations lOCFit

Part 71 and USDOT Regulations 49CFR Part s 171 through 179 regarding the

transportation of radioactive materials.

4-2O
i,
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cach shipping label are given in Figure 4.1. If radiation

icvels above 200ir.n/hr at t he surtacc or at 10:nn/hr at one

metet from the surface are meacut ed, the container must nct
-

be chipped. -~

*

5) Properly complete two shipping labels indicating the

radioactive isotope, activity and the Transport Index.

The Transport Index is used only en Yellow II and Yello. III

labels and is defined as the maximum radiation Icvel in

milliroentgens per hour measured at a distance of three

fe'et frota the surface of the package. Put these two

labels on opposite sides of the container after making

sure any previous labcis have been removed. The pachago

should be marked with the propcr shipping nam:: ( 1< ad io-

active 11aterial, Special Form, n.o.s.) and the identifica-

tion number ( UN 2974J . If the exposure dovice is packayed

inside an outer container, mark the outside package "INSIDL

PACKAGE C0!TLIES WITil PRESCRIBED SPECIFICATIONS-TYPE B
|
| USA /xxxx/B(U)."

i

6) Complete the appropriate shipping papers - Exampics are

sho.en in Figures 4.2 and 4.3. These shipping papers taust

i include:
I

Proper Shipping Name (Radioactive Material, Special
| a.

Form, n.o.s.) and Identification Number (UN2974) .

b. Name of Radionuclide (Iridium-192)

Activity of the Source (in curies)y][ c.

.

4-4
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Figure 4.1
.

Maximum Radiation I.cyc1

__ _ at Surface at One Meter

Radioactive Winite I
[

Q,/.*fo.oc 0.5 mR/l& noneygg ,g-- .>
\ /
\\rf'/

. . - - . . - ._

Radioact ive Yellow II
t

//

'

/
' '30 inu / h r 1.0 mit/lirg ggyg g- j

y _J , *

\lf
. - - . - . _

Radioact ive Yellow Ill

4 ob
'/ M''

g- . _ _ _ 200 mH/lyr 10 mR/lir
xRA010ACIM ill,-
\f .J e, .'

NfN'1

- -- . .-. __ .

.

p'

.

4 -4 a
i

s
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k. d. Category of Label Applied (i.e. Radioactive Yel1 w II)9

c. Transport Index

- f. Package Identification Nunber (i.e. USA /9141/B(U) Type B)

g. Shipper's Certificat ion

"This is to cer tify that the above named
materials are properly classified, described,
packaged, marked and labeled and are in proper
conditica for transport according to the appli-
cabic regulations of the Department of Transportation."

Notes: 1. For air shipments, the following shipper's certification
r:ay be ur.ed:

"I herchy certify that the contents of this con-
s igni..ca t are iully and accurately described above
by proper shipping name and are classified, packed,
trarked and laimled and are in proper condition for
carriage by air according to applicabic national
governracntal re<;ulat ionr ."

2. For air shipwnt s to, irom or through the United
St at en , a "CAmM AI Pn: alt u :1.Y" label and the
ahipping pape +i,ius. at . t. :

"fRIS SillpHK:;l 1S tilTillN THE LIl41TATIONS PitESCRIbED

l'UR CARGO-ONLY AIhCRAFY."

C. Shippine Ettpty packagg

This section applies to shipping the Itodel 900 series exposure devices

or Model 650 source changer without a radioactive source. Since these

devices use depleted uranium for shielding, shi , ment of these devicest

is governed by t he requirciacutn for t rannpot t ing radioactive m,te rial.

1. If the container is to be packaged incide a crate or other

outer packaging, the outer packaging must be stronn enough

to withstand the normal conditions of transportation. Place

- the container in the outer packa,;c wit h arf ficient blocking to

prevent shiitinn during trcusport ation.

4-5
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L 2. Perform a radioactive contamination wipe test of the shippins; package
/

and assure that the wipe test does not exceed 0.001 nicrocurie per

100 square centitreters.-

- ~

3. Survey the pact. age at the surface and at one meter fro.n the surlace

to determine the proper radioact ive shippina labeln t o be applied

to the package.

a. If the surface radiation Icvel is less than 0.5 millirem per

hour and there is no measurable radiation Icvel at one meter
from the surface, no label is required. Mark the outside of tae

package with the proper shippin;; name and identification number
(Radioactive Material, Article Manufactured from Depleted
Uranium, UN 2909) . Mcrk the outside of the package with the
statement:

C
" EXEMPT FROM SPECIFICATION PACKAGING, SilIPPING PAPER ANI)

CERTIFICATION, MARKING AND 1.ABELING, AND EXEMPT FROM TiiE

REQUIREMENTS OF PART 175 PER 49 CFR 173.421- I AND 49 CFl:

173.424".

Addit ionally, a notice onsst be enclosed in or on the package,
included with the packing list or otherwi e forwarded with the

package. This notice tmast include clie name of the consignor or
consignec and the statenent:

"TllIS PACKAGE CONFORMS TO Tile CONDITIONS AND LIMITATIONS

SPECIFIED IN 49 CFR 173.424 FOR EXCEPTED RADIOACTIVE

MATE'IAL, ARTICLES !!ANUFA TURED FROM I)EPLETED URANIUM,

UN2909".

|

4-6 |
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b. If the surface radiation level exceeds 0.5 millirem |
per hour, or if there is a measurabic radiation icvel at
one meter from the surface, use the criteria of Figure 4.1 i

to determine the proper radioactive shipping labels to be
applied to the package. Mark the outside of the package
with the proper shipping name (RADIDACTIVE MATERIAL, LSA,
n.o.s.) and the Identification Number (UN2912). If the
container is packaged inside a crate or other outer

(7 packaging, mark the outer package with the statement:
/ "Inside Package Coinplies wit h Prescribed Specifications."

Properly complete the shipping papers indicatiny,:

(1) Proper shipping name (Radioactive Material, LSA,
n.o.s.) and Ident ificalion Number (UN2912)

(2) Name of Radiennelide (Depicted Uranium)

(3) Physical or Chemical Form (Solid Metal)

(4) Activity (in curica or millicurics)

(5) Category of Label Applied (i.e. Radioactive Yellow II)

(6) Transport Indcx

(7) Package Identification Number (i.e. USA /9141/U(U))

(8) Shipper ':: Certification

"This is to certify that the above named materialr
are properly classified, described, packaged, carhed
and labeled and are in proper condition for transport

[]( according to the applicabic regulations of the Depart-
' ment of Transportation." |.

,
.

4-7
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' Notes: 1. For Air Shipments, the following shipper's certifi--
'cation may be used:

"I hereby certify that the contents of this con-
signment are fully and accurately described above
by proper shipping name and are classified, packed,-

' marked and labeled and are in proper condition for
carriage by air' according to applicabic national
governmental regulations."

2. For Air Shipments to, from or through the United-

States, " CARGO AIRCRAFT UNLY" label and the shipping
papers umst state:

"This shipment is within the limitations prescribed
for cargo-only aircraft."

D. Carrying Radioactive Material

Any vehicle that is to be used to transport radioactive material should

be in good operating condition and carry a normal complement of safety

equipment such as Radiation Area signs, rope, sparc tire, fire ex-

tii.guisher, vehicle tools and flares. The ;; love compartment should

b.;ve t he w h ic le'- registratina certiiicale and an operahje flashiinht.

Additionally, the driver must have a calibrated and operabic radiation

survey meter and be wearing a direct reading pocket dosimeter and either

a film badge or a thermoluminescent dosimeter.

*

Before placing the container in the vehicle and securing it against

movement, the operator should ensure that the container is properly

packaged, marked, and labeled and that the proper shipping papers

are completed according to part IV.B or IV.C. The operator should

survey the driver's compartment t o ensure that radiat ion levels are

below two milliroentgens per hour.

p
4-8
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(V In the event that the vehicle is used for storage, a survey must be-

conducted to ensure that radiation levels are less than two milli-

roentgens per hour at a distance of 18 inches from the rurface of
.

~

the vehicle. Also, if the vehicle is used for stora;;c, it should

be posted with " Caution - Radioact ive Itat erial" sinns.

If the vehicle is transporting a package bearing a "Itadioactive Yellow

III" label, 49CFR Part 172.504 requires that the vehicic be posted on

all four sides with a " RAD 10ACTIVK" placard. It should be noted that

operation of a vehicle which is rettuired to be placarded must comply

with the Federal Motor Carrier Safet y 1:cgulations, 49CFit parts 390-3';/.

E. Iland Carrying

Jn order to minimisc radiation exposure, it is recommended that cara

be taken when hand carrying the unit . Dosimeter and film badge shoulds

be aorn on the :iJe of t he body closest to the exposure device. 10

a.: ore than one person is present, it is r,oou practice to alternate the

hand carrying between them to minimize radiaLion doses to any onc

individual. Likewise, no person should be permitted to sit on or

lounge against the exposure device.

F. St ora;;e

L' hen storin. tite system, the exposure device mu:st be kept physically

secure to prevent tampering or removal by unauthorized personnel.

The storage area must be secured such that no unauthorized personnel

are allowed entrance where radiation exposure Icvels exceed 2 millirca

in any one hour. When storine. the system between uses, keep the plastic

p caps (supplied with Ihe system) in place on the nuide tubes. Th i .-

- climinates dust accumulat. ion uit bin I he I ubes. 10CFl l'a r t 34.22 retinires

that the exposure device be kept lockett , and the storage plun inserted

during st ac.
4-9
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SECTION V

OPERATION

~

. /. . Principles of Operation -

3 The source holder assen.bly, which containa the encapsulated radioactive

source, is stored in the center of the exposure device (see- Fi;;ure 5.lu)) .

and is attached by means of a swivel connector to the drive cabic. The

hand crank on the control unit moves the drive cabic through the control

housing. Figure 5.1(b) shows the source being moved out of the stora:;e

posi(ion in the e.sposure device and into the' ruide tubes. This action

occurs by rotating the hand crank in the EXPOSE (counterclockwisc) direction.

Figure 5.1 (c) shows the source reaching the source stop which serves as a

mechanical stop at the radiographic focal position. The hand crank will not turn
(~'

any further and the cdoacter in the control unit should indicate a reading |

which approximate the total longth of the combined gnide tubes. To return

the source to the exposure device (stored posit. ion), the hand crank is

turned to the full RETRACT (clockwise) position. When the source is fully

retracted, the indicator knob will automatically return to the STORED Oown)

position, signaling that the source is properly shicided.

B. Safety Precautiens

This system may be operated only by a qualified radiographer and/or hi.s

assistant. The radiographer must be phynically present and in direct

surveillance at all times when the exposure device is being useu.
.

t

*

5-1
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O( Since the source emits high levels of radiation, it is good practice to

operate the system from as great a distance as practicabic and, if possible,

from behind a radiation shield such as a heavy steel or concrete object or

the corner of a building.

Radiography must only be performed in a Restricted Area which is marked

with the appropriate radiation signs, and secured against unauthorized

entrance. While assembling the system, it is important to keep the ex-

posure device locked at all times except when operating. The radiographer

and radiographer's assistant suus t at al! Iimer. have a pocket 'os in e te r ,

either a film badge or TLD, and a survey meter capable of measuring frou

2mR/hr to at 1 cast 1000 milliroent; en/hr.

C. Dcily Inspection

Daily inspection of the system is iequired to ensure that the equipu,nt

ir, in the proper operat inn condit ion. Th.- inne et ion should be per f ormed

prior to the stact of each shift.

1) Inspect the entire length of each source guide tube

section and control housing to cusure that each section

is free from cuts and dents.

2) Inspect the end fittings to ensure that they are tightly

connected. Check the threads on the fittings, the control

cable connector and the male source connector for dar.iane.

3) During the first exposure of the shift, check the operation

of the selector ring and lock assembly and control crank. If
,

?, .. ?

.
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operation is difficult, retract the source to the stored position,

and survey the equipment according to the Operating Instructions.

The system orust be serviced before further operation. --

'
D. Assembly

1) Position and secure the source u.op of the macter source

$ guide tube at the radiographic focal position. Note that the

radiographic focal position is M" (8.9cm) behind the tip of

the source stop.

2) Determine where the exposure device will be positioned and

connect the extender source guide tubes as required, laying

them as straight as possible and with no bend radius less

than twenty inches. (Smaller bend radii will restrict the

movement of the co.it t ol c.ible) .

WAltNING

Never operate the system with the total source

guide tube length greater than the length of the

cuatrol housing because the source will be unabic

to reach the source stop.

1

3) Connect the source guide tube (s) to the expoaure device.

4) Determine where the control unit will be positioned (as

far away from the radiographic focal position as possible

end preferably behind a radiat ion nhicid) and lay out the

control housing wit h no bend radii tess than 36 inches.

5) Connect the control unit to the exposure device according to
,

5-3
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the illustrated sequence in Figures 5.2 through 5.6.

6) Before operation check all connections and bend radii, and

check the position of the source stop which represents the,

4..

radiographic focal position of the sourco.

7) Check the operation of the survey meter by reading the radia-

| tion Icyc1 Ar the surface of the exposure device.

It should read no more than zcthiR/hr if the exposure device is

loaded to maximum capacity.

; 8) Unlock the exposure device lock and rotatt the selector rin; to

the OPERATI: position. Lilt the in.licator knob up until the in-

dicator slide locks in place. The .5.ource is now free to raove.

E. Operation

~ 1) Return t o the control unit. Adjust the odometer reset knob

to obtain a 000 reading on the odometer.

2) Recheck to la sure that no unauthorized personnel are inside

the Restricted Area.

3) Rapidly rotate the crank in the EXPOSt; (counterclockwisc)

direction to move the source to the radiographic focal

position. The survey meter should read about full scale

(1000mR/hr) for a 100 curie 192 Iridum source when the

source first leaves the exposure device, drop gradually as,

t 3 ,.

1

1
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the source is driven to the radiegraphic focal position and

remain steady during ti:e exposure. The survey meter reading:

will be substantially reduced if the meter is operated behind

a radiat ion shield or if a collimator is used.
-~

4) When the source reaches the source rt op, the hand erank will

stop turning. Never exert more than 5 ft-lbs of torque on

the hand crank, as this may cause damage to the control unit

or drive cabic. The odometer reading will indicate the total

distance the source has traveled (approximately 7 ft. for one

source guide tube section, 14 ft. for two source guide tube

sections, and 21 ft, for three sections.) Set the brahe to

ON to prevent covement of the source during the exposure.

O 5) Figure the sp6ciw n ciqasure timo I rou the mownt. the sour ce

reaches the source stop.

6) During the exposure, spend as little time as possibic in the

Restricted Area to minimb.c personnel exposure.

7) To return the source t o the exposure device af ter the desired

exposure time has elapsed, turn the brake to OIT and rapidly

turn the crank in the 0: TRACT (clockwist ) direct ion until the

croak will no longer movc, The odometer nhould read 000.

During this process, the survey meter should indicato a

continually increasing radiation level (up to approximately

1000mR/hr for a 100 curie 8" iridium source), then drop to

t

"

|
|
i

I
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background level when the source is shielded in the exposure deivce. When the

source is fully retracted into the exposure device, the indicator knob will,

automatically close, signaling that the source is properly shielded.
~

NOTE
~

1)o not maintain tension on drive cable as this will prevent the source position

indicator from being latched in the open position' f or the next exposure. After

retracting the source and after the indicator knob has closed, relax the tension

on the drive cable using the hand crank.

8) Approach the exposure device with the survey i..eter and survey the exposure

device on all sides. The meter should indicate the same radiat ion level

as observed in step 7 of Assembly.

9) Survey the entire source p,uide t ube with the survey r,eter. If the meter

\. shows a sharp inere.ise, the source coo hl st ill b. exininnd, ter incouplet ely

chielded.

10) If the source i.s st ill exposed, at tempt to store it properly by cranking

the source a short dist ance toward the source stop and then retracting it ,

repeat ing if necessary.

11) If the source beccmes javmed in an exposed posit ion, do not try to retrieve

the source. Treat the sit uation as an emeinency; notily the super vi sor

und Tech /O ps , Inc . sor help if necess.uy.
I

12) When the source is properly stored in the exposute device, rotate the selector
l

ring from the OPERATE position to the LOCK posit ion and secure it with the

exposure device Icek.

i
,

5 - t, |
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- NOTE

If the selector ring cannot be rotated to the LOCK position, the source hac

| not been fully retracted. Check the control unit odometer reading. It should
''

be 000, turn the hand crank to the tull clochwise (RETRACT) direction.

F. Di: assembly

1) Unlock the exposure device, and rot at e the selector rin;; f rom 1.0Ci. to

CON!!ECT. The control unit connector will pat tially disengage.

2) Refer to figures 5.2 through 5.6 to disen;;m:c the control unit from

the exposure device.

3) Replace the storage cover in the control unit connector and rotate

the selector ring to the LOCK position. Remove the key and engage

the lock t o secure the exposure device. Survey the entire circumference

of the exposure device with t he sut vey im t er to ensure the nource is

properly secured.

4) Disconnect the source guide tube sect ions. Place the plastic capa

| on the connector plug to climinate dust and dirt from entering the

tubes. Coil the control housiny, around the control unit.

1

i

!
'

i
i

1
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|

S0trKCE CilA':CES

Source changes may be donc using a Tech / Ops 14odel 850 source changer,-

,

which also serves as a shipping container. A source change can be per-

formed only if the user is specifically licensed to do so. If not, Tech / Ops,

Inc. can send a qualified person to perforra the source chan;c, or the exposure

device can be sent to Tech / Ops for source replacement at the plant. The

source change r.rast be done in a Rest t icted Arca as described in Section III.

Section II on personnel monitoring and Part V .11. on Safet y Precautior.:,
i-

should be followed hare as well.

To perform a sot.;rce change, do the following:

1) Survey tiie sourec chanr.er o ensure the source is in
D

V thj proper storar,e pesition.

2) Ponit ien t he searce chaa:;er in .m npr i:;ht pw:i t ie:. and near

the exposure device ro that one sect inn of no arce guide tube

will conneet then with no r. harp t urns or bends. Tne bend radius

of the tuide tube shculd neier bc less than twenty inches.

Shorter bend radii can restcict source tr.ovement in the source

guide tube.

11A R *lI..N.G_-

The source changer must remain in an upright
position durin;; source chan;; inn operations.
Do not position source changer en its side.

3) Remove any foreign matter from the guide tube connector and
r

|~ attach th.' source guide t ube to the exposure device. Remove
!

Lhc source changer cover plates by htcaking the seal wire

and removin; the bolts. Attach the other end of the tube to

I

6- 1 !
|
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.
the empt y chamber of t he source changer. Assure that

the lock assembly of the chamber containing the source

is in the LOCKEl) position. Unlock the key operated lock
~'' over t he empty chai.aer and slide the lock bar to th. OPE::

posit ion .

4) Attach the control unit t o the exposure device as in Part

V.D. and lif t the indicator knob up until the indicator

slide locks in place. The source is now free to raove.

5) Crank the source rapidly from the exposure device to

the source changer. Ducing this process, the survey

noter reading should inercase (to approximately 1000nN/hr
3for a 100 curie iridiu:a " source) as the source is first

exposed, fall slightly as the source is being cranked out

then drop t o background when t he source is in the source

!. changer.
;

6) Approach the exposure device, source changer and source e,tiide

tube with the survey noter. Survey the exposure device on

all sides, the guide tube an,1 t he source changer o:: all sides

| :o ensure that the source in iu11y within the source chan;'ar.

The maxitaum radiation Icvels should not exceed 200iun/l.c on

the surface of the source changer nor 10mR/hr at three feet
,

,

,

| from the surface.

i
' 7) Slide the lock bar to t he locked position and enga; e the
i

; ney n.r.ited lock.
,

9.IWEU.
k Do not reiaove t he ;.o ide tube 1 om the source chanper

l i t t in, unt il the lock slide it in t he lock position
'

and the key operated leek is engaged.
9

6-2
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(U 8) Disconnect the source guide tube (ro.a the source changer

lock assembly. Disconnect the drive cable from the source

holder assembly by moving the lock pin down and sliding the..

. -

drive cabic coanector out throu;;b the Lcyway.

9) If a replacement source is to be installed in the exposure
.

device, couple the drive cabic to the new source holder

assembly and connect the source guide tube to the fitting on

the source changer. Unlock the key operated lock on the

chamber containing the source to be transferred and slide

the lock bar to the OPEN position.

10) Return to the controls and crank t he new source or drive cable

into the exposure device. If a new source is beit.g transferred,

the survey meter should incr ease a.; t he source Itaves the :,uurce

chan; er and approache:. t he exposure device, then drop to bach-
,

ground level when the source is shielded in the exposure device.

If a source is not being transf erred, the survey noter should

indicate only background radiation IcVels.

11) Approach the exposure device with a survey matcr. Sarvey the

exposure device on all sides, survey the guide tube and survey

the source changer on all sides to ensure that the process has

been properly completed. P.adiation Icvels should read no t.:nre

than 200:iM/hr at the surface of the exposure device if it has

been leaded to maximuta capacity. If no source has been

transf erred, only background radiat ioa should be detected by tiie

survey meter. Retate the nelector ring to the lock posicion.p/h. 1

6-3
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1 12): Assure that the source is secure in tiie source changer by
~

'

4

1 assurin;; the slide mechanisa is in the lock position and
4

f
the lock plunger is depressed.

i..
13) Disconnect the control unit and source guide tube f rom the

exposure device as in Part V.F. and disconnect the source guide
;

tube froat the source changer.
; '

14) Reciove the source identification plate from the exposure
J

! device and attach it with seal wire to the source changer.f

1
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15) If the exposure device containe: a source , af f ix the identi fica -

- tion plate of the new source to the exposure device. If not,

attach an luiPTY tag to the hendle of L!n exposure device.

'.6 ) If tl.e source changer is to be transport ed, holt the source

changer cover plat es in place and necure then with seal wire,

and follow the transportation instructions of Section IV.

17) licturn the source chans.cr promptly to Tech /Opa, Inc. Itental

charges will be maile f or cont ainers iteld beyond nurtaal operat in ;

time.

np .

.

t
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SECTION VII

HAINTENANCE

~
.

.It is recoccaended that inspection and m:.intenai er of t he !!odel .900 serles

exposure devices ar.d cont rc;l units bs perf orned at intervals not to exceed ninety

days.

To service the Mcdel 900 series exposure devices and control units, t.he following

equipment is required, in addition to standard tools such as scrowdriverc, wrenches,

etc.

Master Key (PN A66001-11)

Cleaning Solvent (chlorothene)

kivet gun and pop rivets ( .115" diairet er x .294" long)

O M11.-G-13827A grease (Texaco "lini-Ten p")
-

Vibrat it e

A. Control Unit

1. Drive cable cont rol liousinns and Source Guide Tubes-nisassembly

To service the drive cable, control housings and source guide tubes, follow

these steps:

1. Disconnect the control unit from the exposure device.

2. T trn the band erank of the cont t ol unit in the EXPOSE

(counter-clockwise) direct ion unt il the crank will no

longer turn. Do not use force, as this may damage the drive wheel

inside the control box. The emergent;cabic should be

cranked into a bucket or other container to keep it clean.

3. Disconnect the control housings from the RETRACT side of the

(OV crank and remove the stop spring, freu ihe drive cable. The

drive cable will now pass through the crank.

7-1
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| 4. Turn the crank until the drive cabic is totally disconnected.

5. Pull the drive cable out through the control cabic connector

and coil it with a radius of no less than four inches.
'

6. Remove the control cabic connector and connector plug fron..

the coatrol housings, and disconnect the other control houning

f ru.a the crank. 1.abel the housinnn for proper reassembly.

7. Clean the drive cable with chlorothene and flush the control

housings and source guide tubes.

'8. Using compressed dry air (15 psi max.), thoroughly dry the

drive cabic, control housings and guide tubas. Any remaining
,

solvent can cause permanent damage.

9. Check.the source guide tubes for binding by holding them

vertical and dropping a dummy source (or jumper) through

them.

10. Wipe the guide tubes nud control housings with a cloth soaked

in chlorothene and ficx them to check for internal damage.

Damage is evidenced by a crunching feeling when the housing
,

or tube is bent. While doing this, feel for dents. Cut,

flattened or burnt control housings or guide tubes should be j

i i

repaired or replaced. i
i

i

O
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11. The guide tubes or control housings may be covered with

tape where only the outer plastic is cut through.
i

( 12 . Using a Model 550 no-go gauge, check the male connector
_

; . -

|
of the drive cabic. If the ball of the connector fits

through the hole of the gauge or the ball shnnk fits into

the slot in the Cauge, the connector is worn and the cabic

must be replaced. Refer to Figurc 7.1.

|

| 13) Lightly grease the cabic using TEXACO " Uni-Temp" grease. Other
i
| greases may form tars or corrosive compounds when exposed to
!

| radiation.

|

2. Crank Assembly - Model 664 Control Unit

To service the Model 664 control unit, perf orm the following steps:

,

'

pisar,sembly
i '

1. 1:enovo I he cent rol hou::in; vnd dr ive cable ii om t be cranhj
!

| assembly as described in the previous section. Itofer to
!

Figure 7.2 to aid in disassembly and for component identification

of replacement parts.

2. Itemove the control box housing (4) from the frame (11) by

unserewing the four binder head screws and 3/8" nuts (1).
;

3. Remove the crank arm assembly from the control box housing

by removing the 5/16" hex head bolt.(2)

|

|
!

I

l

| 7-3
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k CAUTION '

,

I

Make sure the cabic adapters stay in the lower control box '-

c ,

! ,

-
.,

! housing during separation..'' pare sheuld be,taken to' avoid<- -

possibic injury from or lonn of the tensian loac'ed wear strip.7 |

'

[ . -
,

' r |

||
, 1

b 4. Separate the two halves of the control box housing, keeping the

cabic adapters in the lower control box housing to ensure the
!

-

4 -

j wear strip (5) does not fly out. Itemove the driye wheel (6), ;

i
j wear strip (5), two cabic adapters (14), two brake jawa (15),
i

| brake arra (16) and brake bearing (13).

5. The two ball bearing assemblies (7) in each side of the control

housing may be Icft in place.

6. Remove the reset knob (29) by loosening the two set screws, and
'

reraove the odoracter cover (28) by removing the two large binder head
,,

screws fastening it to the mounting plate.

7. ' Check tite odo:2ter unit for propsr operation. The' unit should turn

freely'and without excesnive play. Clecu the belical gear (20) with '

\

chlorothene nni lightly grease it wit h Texaco Uni Temp grense. If

the odometer assembly is defect ive, it luust be replaced as,a unit.

8. To service the odozaeter assembly ren:ove, the uni from the fra:ae by

unscrowini; the three flat head machine screws holding the gear 1,ox

(22) to the frame (11).
U

/

.
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g) Reassembly

(V 1) Clean all the control box parts in chlorothene and. dry them thoroughly

with compressed dry air (15 psi maximinn) Inspect for damage and ex-

cessive wear. Replace any defective parts.
. -

2) Lightly grease all moving part s at timir contact surfaces witn

TEXACO Uni-Temp grease.

3) Place the two cable adapters (14) in the lower centrol box housing (4)~

with the angled sides facing inward in order.to provide clearance
y

for the drive whcc1 (6).

4) Plaec the wear strip in the control housing.

CAUTION

Insert the wear strip with care, since it will be under tension

A and could pop cat.
J

k:V
5) Place the drive wheel (b) in the lower co, trol boy. housing (4).

6) Position the tw brake jaus (16), lirake bearing (13) and brake

arm (16) in the lower control box housing. When installing the

brake jaws, f ace the uorn niden away from the drive wheel, as this
i

increases their lifetime.
'

7) Place the upper control 1:ox housing ev c r he lower control

box housing while keeping t hem 1.v. i, a presc them together..

S) Check the control box for proper reassembly by turniun the

shaft. It should spin freely. If not, disassemble and reinspect

the parts for damage and proper aligunent. 1:cassemble and check the

opere. tion again.

(w)/
f

-
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- 9) Mount the odometer assembly o*i che frame (11) by securing the

Qi gear box (22) with three flat head machine screws.t
lo/

10) Secure the odometer cover (28),to the mounting plate (23) with
e - _

two binder head ~ screws, and secure the odometer reset knob (29)

t'o.the shaft by tighteninn the two net screws.
.

11) Mount the control box onto the frame (11) and secure with the four

large binder head screws and 3/8" nuts. Secure the crank arm

assembly (3) to the shaft with the 5/16" bevel washer (30) cad 5/16"

hex head bolt.

12) Af ter complete reassembly, chech f or proper operation by turning the

crank, it should spin freely. Run the drive cabic through the control
< 4

box and turn the crank. I t- should turn easily and with no snags.

Set the brake to ON and at tempt to turn Lle crank. It should not

turn with moderate pressure. Do not apply excessive pressure to the.

,

crank, as this may cause damage. If the control box fails any of7

these tests, disassemble, check the pcrts for damage and proper alignment,
s I

then reassemble and check for proper operat ion again.

3. Crank Acsenbl, - Model 693 Control Unit'

To service the 693 control unit , perform t he f ollowing steps:

1. Refer to steps 1-5 in the previous part f or disassembly

' of the control box housing. , Refer to Figure 7.3 for,

'

further disassembly and for part identification numbers.

2. I cmove the odometer mount' cover (30) from the odometer,,

count (20) and check the odomet er unit for proper operation.

} The unit should turn freely and without excessive play.

/

. 7-6
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.

Clean the helical gear (27)with chlorothene and lightly

grease it with TEXACO Uni-Temp greasc. If the odometer

-assembly is defective, it must be replaced as a unit..

. -
,

3. To service the odoneter, remove the odoneter mount

cover (30) from the odometer m3unt (20), remove the

odometer reset knob (29) by unscrewing the two set screws,

and unscrew the two attaching large round head screws.

4. Follow steps 1-8 for the Model 664 crank assembly reassembly.

5. nesecure the odometer to the odometer mount (20) and uccure

the odoacter reset knob (29) and odometer mount assembly

cover (30) in place.

6. Secure the control box to the control handic (17) and odometer

k mount (20) with the four large binder head screws and 3/8"

nut s, and secure the cranh .u m tassembly (3) to the shal t with'

the S/16" bevel washer and 5/16" hex head bolt. Follow step 12 of the

previous section for checking o't operation.

|

| !. . Crank Assemb1v - Madel 692 Control Unit

1. Refer to steps 1 - 5 for the Model 66'l control unit for
I

disassembly. Refer to Figure 7.4 for further disassembly
l l

| and for part identification numbers.
|

|
|

|
12. Follow steps 1 - 8 for the Model 664 Crank Assembly Recsacubly. I

3. Secure the control box to the control handle (17) with the four

large binder head screws and 3/8" nuts, and secure the crank

Og>
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.

g arm assembly (3) to the shaf t with the 5/16" bevel washer

- and 5/16" hex head bolt. Follow step 12 of the Model 664 Crank

Assembly - Reassembly for checking of operation.
'

-

~

5. Drive Cable. Control llousing and Source (;uide Tube Reausemby

1. At tach the control housin); t o the EXPOSE side of the control

box and to the control cable connector.

2. Feed the drive cabic into the control housing as far as it will

go. As the drive cabic is being fed in, feel the resistance to

the drive cable to detect any binding of the cable. This

indicates a dent in the control housing which should be

repaired or replaced.

3. Turn the hand crank until the drive cable is protruding, and

screw the stop spring to the end of the drive cabic.
(

1

4. Conneet the other control housing to the crank and to the

connector plug.
.

5. Turn the crank fully to the RETRACT position and watch for any

binding of the drive cabic to check the other section of the

cont rol housing f or denta. Iepair or replace the control

houring if necessary.

6. Pla: e plast ic dust caps on the ends of the source guide tubes and

control cable connector to eliminate dust accumulation.

|

|

J

~s

h'
i-u 1

i
|

|

|

|

|
.
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B. Exposure Device Model 900, 910 and 920

To service and exposure device remove the source following the source

changing procedures of Section VI. (liefore removing the source, check

- the female drive cabic connector of the source with a Model 550 no-go

gauge as in Figure 7.1; if the gauge can fit into the fe:nale slot width,

the connector is worn and must be replaced). After the source has been

removed, service the exposure device by performins; the following steps:

1. Front End Disassembly

1) to disassembic the Iront end, refer to Figure 7.5.

2) Remove the guide tube connector (c.) which is secured to the
front plate with four phillips head screws.

3) Remove the indicator slide (6), indicator rod (7), compression
spring ( ), safety pin (9) and compression spring (21).

4) Remove the slide tube (10) and compression spring (23).
A> i
\

{~' NOTE

t. hen neec: c.ir v , st eps 1),2),..n.1 1) can b.: perforard with the cource asceably

in the exporure device. Ecf oie commencing this operat ion, reassure that

the source assembly is in the proper shicided storage position, that the

selector ring is in the lock position and the key operated lock is engaged.

Monitor all operations with a calibrated and operabic radiation survey

instrument.

2. Hear End Disassembly
i

1) To disassembic the rear end, refer to rigurc 7.6.
| 2) Remove the rear end plate which in secured to the exposure
| device body with 4 phillips head screws and to the handle with

two phillips head screws.

3) Unlock the lock assembly, and remove it by unscrewing the two
attaching socket head screws.

bg 7-9
|
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3. Connector Disassembly'

1) Remove the connector assembly by unscrewitig the four cocket

t" Hold the connector assembly in place while doinghead screws.
,

this to avoid losing parts.

d
- 2) Remove the connector assembly and set it horizontally with the

cover plate (H) facing up. Remove the cover plate (8), lock

slide (4), lock pin (12) and compression spring (16).
,

3) Rotate the selector ring to either OPERATE or CONNECT and lif t

it off the selector body (2).

4. Lock Disassembly

1) To disassembic the lock assembly, refer to Figurc 7.7.

2) Remove the set screw (4) f rom the lock (5) and lif t the

lock (5) out of the lock retainer (3) by turning the
r\ '

0
lock 90 .

Clean all the pat t :. in chlosothene, and dry the:u t horou, bly

using compressed dry air at 15 psi maxiuum. Clean the souccc

tube by running a cloth (soaked in chlorothene) through the

tube several times. Dry the tube by running a dry cloth through.

Inspect the parts for damage or cycessive voar and replace any

defective parts. Lightly grease all m$ vins; parts at their

surfaces using TEXACO " Uni-Temp" grense. Othercontact

types of grease may form tars or corrosive compounds when

exposed to radiation.

/

'n
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V 5. Lock Reassembly
k.-

1) To reassembic the lock assembly, refer to Figure 7.7.

2) Insert the return springs and sprini; guides into the lock

body (5).

3) Depress the internal plunger so it cicars the hole in

the lock retainer (3) and insert the lock (5) into the

retainer.
.

4) Align the screw hole in the lock with the slot in the

1

retainer (3) and secure the lock with the set screw (4).

5) Secure the lock assembly to the rear plate (2) using

two socket head screws.

6. Connector Reassembly

k. 1) To reassembic the conuccter assembly, refer to Figure 7.6.

.

2) Insert the relector body (2) in t o the rear end plate.

3) Set the rear end plate on a horizontal surface with the solcetor

body facing upwards. Position the solcetor body so that the hole

for the lock pin is to the right of the centerline hole.

4) Place the selector ring (7) over the selector body (2)

in either the OPERATE or CONNECT position, push the ring

onto the selector body, and rotate the ring to LOCK while

holding the selector body stationary.
,

9

7 - 11



,
-. .

- EXHIBIT R

(3
. (v 5) Place the compression spring (16), lock pin (12) and lock

slide (4) into the selector body (2)

', 6) Place the cover plate (8) over the selector body _so that the

word LOCK is visibic on the selector ring. Secure the cover to

the rear end plate with four socket head screws.

7. , Rear End Assetably

1) Secure the rear end plate to the exposure device body

with four phillips head screws and to the handle with

two phillips head screws.

8. Front End Reassembly

1) To reassembic the front end, refer to Figure 7.5.

( 2) Insert the two compression .sprin;;n (11 and 23), slide

tube (10) and safety pin (9) int o the f ront end plate.

3) Insert the compression sprinu ( ) into the indicator

slide (6) and hold the indicator slide in place.

ti ) Apply Vibratite to the threads of the indicator

rod (7) and screw it in t he indicat or slide.

5) Secure the guide tube connector (5) to the front end

plate with four phillips head screws.

.
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C. Final Inspection

1) Check the system for proper reassembly. Check all connections e

and fittings for tightness. Check for proper operation of

the control unit and connector assembly.
~~

'

2) Reload the source in the exposure device by following the

section on source changes.

3) Survey the exposure device on all sides to ensure that radia-

tion levels do not exceed 200mR/hr at the surface or 10mit/hr

at three feet from the surface.

4) Check the exposure device for the proper labels.'

D. Leak Testing

The source assembly in the expo:<ure device must be Icak tested at

intervals not to exceed six n:onths. This can be done using Tech / Ops

i flodel 513 Leak Test Kit . The test must be performed in a properly

|
secured Restriced Area and with the a'ppropriate radiation monitoring

equipment.'

| i

1) !!oiston the wipe test swnb with EDTA solution. Depress

the safety pin on the front end plate and lift the indicator

slide up.

i
'

2) Wipe the exit port of the exposure device and the female

connector assembly. He sure to reset the indicator slide

to the down position.

I 3) riace the wipe test swab in the plastic envelope.
I

L

1
1

1
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k
4) Set the survey meter on its most sensitive range and place

the motor in an area with low background radiation. Move the

wipe test swab towards the meter, and obscr~ve the radiation-

Icvel indication.

5) If the radiation Icyc1 increases less than 0.2mR/hr above

background, place the plastic envelope into the mailing box

and mail to Technical Operations, Inc. De sure to conpletc

and return the identification sheet.,

6) If the meter indicates a higher radiation Icvol, do not mail the

wipe test patch and do not use the exposure device. Contact
'

Technical Operations for further instructions.

O
E. Tripod Stajd

Ecfer to F;;;ure 7.10 for component lerent ificat ion of tripod stand.

F. Guide Tubes, Control liousings and,1) rive Cabic - Replacement

Component Part Number

Master Guide Tube with male connector B90204

Extender Guide Tube with quick disconnect fitting B90202

Extender Guide Tube with male and female fittings B90203

Control Housing (25 foot) B59100

Swage Fitting (for control housing) A59100-1

Drive Cabic (50 feet) A55005

f
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(; List of Figures-

Figure Number Description

-

1.1 Picture of ganna radiographf system'

1.2 Both ends of exposure device

4.1 Limits of radiation exposure Icvels for labels

4.2 Shipping Papers

4.3 Shipping Papers

5.1 Schematic of Principles of Operation

5.2 - 5.6 Illustrated sequence for attaching control unit

7.1 No Go Gauge

7.2 664 Control Unit - Exploded View

7.3 693 Control Unit - Exploded View

7.4 692 Control Unit - Exploded View

7.5 Front End - Exploded View

7.6 Rear End - Exploded View
.

7.7 Lock Assembly L Exploded View

.
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! ', MODEL NO. BILL OF MAT. WORK ORDER NC
'

'
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MODEL NO. 9pp BILL OF MAT. WORK ORDER NC.

O ESCRIPTION
NO. 94#/

( &&5/S 88 M/M/af NO* OF UNITS

K)M/,(A22W7~B}(OsWty' SHEET | 0F ' "
.

ITEM DESCRIPTION DRAWING NO. Q g [
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~
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3 Cd/VNEc7DM PbWE # 9A v/-/6 /

4 /AJDdf7~ f 5'/DF 8PJx/-f /$

d SA?ff7)/ P/// #f6' Br?/-P /

6 ffdH7* Hot 4//6, ////Kf///LP D9at1/-3 /

7 / H p/C4 70 A A W JB 4 9600/- 7 /
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9 5 2 / D f */ 2 4 f C|Mx/- 9 /
/0 SeoftE /*A %R6 _ 4 9660/- /9 /
// A v # M xs7/ I4 S p:M,GS%uw/w _w 6
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/2 swo ~ ~ fr.nx%tssrx mie o + 4~
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/f Biw Hb twk42Ru d%-h!%i4.5%.fR A/*PJNO 4L
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OPERATING INSTRUCTIONS - MODEL 850 SOURCE CHANGER

DRAFT: 4 NOVEMBER 1981

, General Description

~ The Model 650 aource changer is a portable, shielded container for trans-

ferring encapsulated radioisotope sources into Hodel No. 900, 910 and

920 radiographic exposure devices. The source changer is designed to

safely contain a radiographic source during shipment and to permit source

changes while minimizing radiation exposure to the operator.

Quick Reference Data

Source Type Tech / Ops Model 90003 and Model 91003 source

assemblies (Special Form: USA /0179/S)

Container Capacity: 200 curies (+20% of iridium ")3

4
Shielding: 49 lb. (22kg) of depleted uranium

i

Housing: Stainless Steel

Design: Type B(U) Radioactive Material Shipping Container

(USNRC Certificate of Compliance No. 9147 and

IAEA Certificate of Competent Authority No.

USA /9147/B(U)T)

Effective Radiation: Below regulatory radiation exposure limits prescribed.

in 10CFR34.21 and 49CFR173.393(i) and IAEA Safety

. Series No. 6
i

Dimensions: 10.4 in. (264mm) high x 8.5 in. (216mm) long x 8.8 in

(224ce) wide

Shipping Weight: 77 lb. (35kg) -

-
- . -
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Shipwnt Data

1. Source decay chart and leak test certification. Keep for user's

records.

2. Source identification (ID) plate. Affix to user's exposure device.

3. Return shipping labels

4. Tamperproof seals

5. Instruction manual

Operation

Note: All the precautions used when making radiographic exposures

must be followed. Wear personnel monitoring devices during

all source changing operations. Monitor all operations with

a calibrated, operable survey meter.

*O
QJ 1. Survey the source changer upon receipt to ensure that the source

is in the proper storage position. Radiation levels should not

exceed 200 milliroentgens per hour at the surface of the source

changer, nor 10 milliroentgens per hour at three feet from the

surface.

2. Locate the source changer and exposure device in a restricted area.

Position the source changer in an upright position and near the

exposure device so that one section of source guide tube vill,

connect them with no sharp turns or bends. The bend radius of

the guide tube should never be less than twenty inches. Shorter

bend radii can restrict source movement in the source guide tube.
.

.

2

,

b
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WARNING

(
The Source Changer Hust Remain in an Upright Position During
Source Changing Operations. Do Not Position Source Changer on
its Side.

- 3. Remove any foreign matter from the Euide tube connector and
-

attach the source guide tube to the exposure device. Remove the

source changer cover plate by breaking the seal wire and removing

the bolts. Attach the other end of the tube to the empty chamber

of the source changer. Assure that the lock assembly of the

chas.ber containing the source is in the locked position. Un-

lock the key operated lock over the empty chamber and slide

the lock bar to the OPEN position.

4. Attach the control unit to the exposure device following the

exposure device operating instructions and lift the indicator

b{O knob up until the indicator slide locks in place. The source

is now free to move.

5. Crank the source rapidly from the exposure device to the source

changer. During this process, the survey meter reading should

increase (to approximately 1000mR/hr for a 100 curie iridiumn2

source) as the source is first exposed, fall slightly as the

source is being cranked out then drop to background when the

source is in the source changer.

6. Approach the exposure device, source changer and source guide

tube with the survey meter. Survey the exposure device on all

sides, survey the guide tube and survey the source changer on

all sides to ensure that the source is fully within the source,.

-

3 i

|
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changer. The maximum radiation levels should not exceed 200mR/hr

on the surface of the source changer nor 10mR/hr at three feet

from the surface.
-

~

7. Slide the lock bar to the locked position and engage the key

operated lock.

WARNING

Do Not Remove the Guide Tube from the Source Changer Fitting
until the Lock Slide is in the Lock Position and the Key
Operated Lock is Engaged.

8. Disconnect the source guide tube from the source changer lock

assembly. Disconnect the drive cable from the source holder

assembly by moving the lock pin down and sliding the drive cable

connector out through the keyway.

9. Couple the drive cable to the new source holder assembly and

connect the source guide tube to the fitting on the source

changer. Unlock the key operated lock on the chamber containing

the source to be transferred and slide the lock bar to the OPEN

position.

10. Return to the controls and crank the new source or drive cable

into the exposure device. If a new source is being transferred,
;

the survey meter should increase as the source leaves the source

|changer and approaches the exposure device, then drop to back-

ground level when the source is shielded in the exposure device.

If a source is not being transferred, the survey meter should
1indicate only background radiation levels.

O
4
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11. Approach the exposure device with a survey meter . Survey

the exposure device on all sides, survey the guide tube and

survey the source changer on all sides to ensure that the
-

- process has been properly completed. Radiation levels should

read no more than 200mk/hr at the surface of the exposure

device if it has been loaded to maximum capacity. Rotate

the selector ring to the lock position.

12. Assure that the source is secure in the source changer by assuring

the slide mechanism is in the lock position and the lock plunger
is depressed.

13. Disconnect the control unit and source guide tube from the ex-

posure device as described in the exposure device operating in-
'

structions and disconnect the source guide tube from the source

changer.

14. Remeve the source identification plate from the exposure device

and attach it with seal wire to the source changer. Attach the

identification plate for the new source to the exposure device.

15 Remove the keys from the lock plungers and bolt the two cover

plates to the source changer. Secure the bolts with seal wire

using a security seal.-

16. Survey all exterior surfaces of the source changer to ensure that

radiation levels do not exceed 200 milliroentgens per hour at

contact. Measure the radiation level three feet from all ex-

terior surfaces of the source changer and ensure that the radiation

im '

5
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radiation level measured three feet from any exterior surface

is the Transport Index. (Example: With a maximum radiation
~

. level of 2.2 milliroentgens per hour, the Transport Index

is 2.2).

17. Select the proper shipping labels according to the radiation

levels at the surface and at 3 feet from the surface of con-

tainer as described in the following table. Complete two

labels listing the radioisotope contained (Iridium-192), the

activity (the number of curies) and the Transport Index as

determined above. .
Surface | 3 Feet

]

RADIOACTIVE WHITE I

r

50 4.4 1
4 I

O SirR hr | Peone
' '

RADIDACTIVE I ,
I

!.- h
~

|/ I*
,

t

RADIOACTIVE YELLOW ll .

e.4
50mR hr 1.OmR hr

RADIDACTIVE il
*T..

|-- .) /
,

s.

RADIOACTIVE YELLOW lli |

4.4 .

A
200mR hr 1OmR hr

Q RADl0ACTIVElli
w/ 7.*. -

,

L1 7
s. |

|.

1

s
- - ~ . ~ - - . 4.
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T~) 18. Assure that the old shipping labels are removed. Apply the
GJ

ahipping labels, properly completed, to two opposite sides
1

of the container.
|

~

- 19. Properly complete the shipping papers indicating: -

|

Proper shipping name (i.e. Radioactive Haterial,
|

a.
Special Form, n.o.s.) and identification number (NA91E2).

1

b. Name of radionuclide (as2 Iridium)

c. Activity of source (expressed in curies)

d. Category of label applied (i.e. Radioactive Yellow III)
1
1

e. Transport Index '

!
f. USNRC Identification Number (USNRC: USA /9147/B)

g. For international shipments, IAEA Identification Nu=ber
IAEA: USA /9147/B(U)

h. Shipper's Certification:

( "This is to certify that the above named materials
are properly classified, described, packaged, marked
and labeled and are in proper condition for transport
according to the applicable regulations of the
Department of Transportation."

Notes: 1. For air shipments, the following shipper's certification
may be used:

"I hereby certify that the contents of this consignment
are fully and accurately described above by proper
shipping name and are classified, packed, marked and
labeled and are in proper condition for carriage by air
according to applicable national governmental regulations."

2. For air shipments to, from or through the United States,
the package must be labeled with a "CARCO AIRCRAFT ONLY"
label and the shipping papers must state:
"THIS SHIPMENT IS WITHIN THE LIMITATIONS PRESCRIBED FOR
CARGO-ONLY AIRCRAFT."

i

O
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20. Return the container to Tech / Ops, Inc., according to proper

procedures from transporting radioactive material as established
.

-

in Title 49 Code of Federal Regulations, Parts 172-138.

Note: Please return container promptly. Deaurage charges will be made
for containers held beyond normal transportation time.

Drive Cable Connector WARNING

Assure that the source assembly is
properly locked in the source changer
when connecting, disconnecting or
testing for proper connection.

To Engage Connector To Disengage Connector

1. Using a fingernail, move the 1. Using a fingernail, sove the
connector pin forward (toward connector pin forward (toward
stored position of source) to stored position of source) to
move the connector sleeve away move the connector sleeve away
from the keyway in the female from the keyway in the female

(O == =t - == == -

2. Slide the drive cable connector 2. Slide the drive cable connector
into the female connector and out of the female connector and
release the pin. Assure that release the pin.
the connector sleeve has re-
turned to its original position .

closin;; the keyway.

3. Test the connection by pulling
between the source and the
drive cable. (Note WARNING)

CAUTION

Move connector sideways only.
Do not bcnd or twist.

O
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RADIOGRAPHER TRAINING PROGRAM

INITIAL TRAINING

Initial training for Radiographers and Radiographer's Assistants will be
accomplished by using the services of Technical Operations, Inncorporated,
Radiation Products Division, Burlington, Massachusetts, Diano Corporation NDT

| Products Division, Cleveland, Ohio, or Gama Industries, Incorporated.

In addition to the training by the above, each Radiographer and Radiographer's
Assistant will be given training in the following:

1. Radiation Detection Instrumentation To Be Used - 3 Hours

A. Use of survey instruments

1. Operation

a. Units of Measurements and Definitions
b. Dose Rate Measurements
c. Geiger Counters

2. Calibration

a. Internal
O 6- aecords

3. Limitations

a. Range

4. Characteristics

B. Survey Techniques

1. Establishing Safe Working Distances

a. Exposure Limits
b. Radiation Area
c. High Radiation Area

2. Checking Exposure Device

a. Soun:e in shielded position
b. Return of source to shielded position in exposure device
c. Check where source has been, to assure it has returned to

the shielded position in exposure device.

C. Use of Personnel Monitoring Equipment

1. Film Badge

a. Use and Assignment
b. Replacement
c. Wearing
d. Processing
e. Care

4499T -1-
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INITIAL TRAINING - Cont'd
'O

I. Radiation Detection Instrumentation To Be Used - 3 Hours - Cont'd,

2. Pocket Dosimeters

a. Use and Assignment
b. Calibration
c. Recording of Reading
d. Range
e. Action to be taken if Dosimeter goes off scale,
f. Care

II. Radiographic Equipment To Be Used - 4 Hours

A. Radiographic Exposure Devices

1. Design

2. Functions and Components ;

a. Source Guide Tube and Fittings
,

b. Storage Containers
c. Capsule and Pigtail
d. Retainer and Lock
e. Flexible Cable, Housing and Fittings
f. Pigtail and Cable ConnectionsO g. Gear and Housing

3. Preventative Maintenance

a. Daily Inspection.

b. Three Month Inspection and Maintenance
(EXHIBIT F EXHIBIT H and EXHIBIT R of Operating and
Emergency Procedures)-

c. Records of Maintenance
(EXHIBIT I of Operating and Emergency Procedures)

4. Malfunctions

5. Operations

B. Storage Containers

1. Design

| 2. Operating Procedures to Exchange Sources Between Exposure Device
and Shipping Container

3. Preparation, Packaging, Surveying, Recording, and Shipping of

[
Sou rces.

Qi a. Shipping containers authorized by license
b. Step-by-step instructions issued by the manufacturer of the c

container'

|

'
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INITIAL TRAINING - Cont'd

O II. Radiographic Equipment To Be Used - 4 Hours - Cont'd

3. Preparation, Packaging, Surveying, Recording, and Shipping of
Sources - Cont'd

c. Source security and locking
d. Shielded position and recording of surveys to assure source

is locked in shielded position
e. Permissable levels of radiation at surfaco of container and

at one (1) meter
f. Labeling, Certification, and Shipping

III. Calibration Equipment - 4 Hours

A. Design

1. Dosimeters
2. Survey Meters

B. Use

1. Operation
2. Procedure

C. Maintenance
O

1. Leak Testing

D. Storage

1. Labeling
2. Security

IV. Tne Requirements of Pertinent Federal Regulations - 3 Hours

A. Rules and Regulations

1. Parts 19, 20, 30, and 34 of Title 10

V. The Licensee's NRC License - 2 Hours

VI. Tne Licensee's Operating and Emergency Procedures - 4 Hours

VII. Oral Review - 4 Hours

VIII. Operational Competance Tests - 4 Hours

IX. Written Test - 3 Hours

After satisfactory completion of the Written and Operational Competance Tests,
the candidate will be designated as Radiographer's Assistant.

.
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ON-THE-JOB TRAINING

After all newly hired radiographic personnel have received the initial
training, they will be assigned to work as a Radiographer's Assistant under
the direct supervision of the Radiographer. The minimup duration of
On-The-Job Training and Evaluation will be as follows:

,A. Personnel with no prior experience shall assist and observe all
Radiographer's work for a minimum of 30 working days and observe at least ,

I100 radiographic exposures.
.

(

Af ter observing 100 radiograinic exposures, trainee will successfully
complete 300 exposures under the direct supervision of the Radiographer.

B. Personnel with prior experience shall work as a Radiographer's Assistant
for a minimum of five calendar days and shall correctly perfom 50
radioactive exposures.

C. Af ter the above On-The-Job Training has been given, each trainee will be
given a perfomance test by the Radiation Safety Officer or the Assistant
Radiation Safety Officer which will include all facets of performance that
is required of a radiographer. This will include:

1. Setting up exposure equipment
1

2. Propc* survey of exposure equipment

3. Establishing and posting of radiation area and high radiation area '

4. Surveys of exposure equipment and recording of readings

5. Proper use of film badge, dosimeter, and survey meters

6. Security of exposure device on transporting vehicle, survey at
driver's location and exterior of vehicle, and levels of these
readings and proper recording of same.

7. Changing soun:es, requirements for return of sources, labeling,
shipping certification, and recording of readings at surface of
shipping container and at one (1) meter

8. Placarding of, transporting vehicle

9. Quarterly maintenance of equipment

10. Complete review of Company's NRC Byproduct Materials License.
Operating and Emergency Procedures, Parts 19, 20, 30, and 34 of Title
10.

A minimum of forty '(40) questions will be given. See attached questions and
answers.

O
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REFRESHER
,

|
[ In addition to the On-The-Job Training, the Company will conduct Refresher

Training annually.

REFRESHER TRAINING OUTLINE-

I. Operating and Emergency Procedures

II. NRC Title 10 CFR, Parts 19, 20, 30, and 34.

A. Existing
B. Revisions

III. Radiographic Equipment

A. Maintenance
B. Use

I V. Methods of Controlling Radiation Dose

A. Time i

B. Distance

O C. Shielding
1. Collimator

V. Radiographic Surveys

A. Instruments
B. Techniques

VI. Personnel Monitoring Equipment

A. Use

A minimum of Ten (10) Questions will be given. See attached questions and
answers

QUALIFICATION EXAMINATIONS

A Radiographer may be required to retest any time there is reason to doubt his
competence. A minimum of forty (40) questions will be given. See attached
list of questions and answers.

O
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pd WRITTEN TEST FOR QUALIFYING
RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS

This group of 75 questions covers five categories in which the trainee will
have had instruction and training. Each trainee will be given forty (40)
questions, eight in each category. A score of 75% will be considered as a
passing grade, provided no more than three (3) questions in any one category
are missed. If more than three (3) quesions are missed in any category, the
trainee will be given a minimum of one hour additional training in this
category and then retested.

GROUP A - CHARACTERISTICS OF GAMMA RADIATION AND FUNDAMENTALS OF RADIATION
5AFETY

A- 1. Does the energy level of radiation emitted by a given isotope
decrease as the curie strength of the isotope decreases?

A- 2. What is the unit of measurement for the ionizing effect of
penetrating radiation on air?

i
A- 3. Explain the difference between radiation dose rate and radiation dose.

O A- 4. How is the number of disintegrations per second taking place in a
given radioactive source expressed?

A- 5. What is an isotope?
|

A- 6. When an isotope has gone through 3 half lives, what fraction of its'
i initial strength is lef t?
i

|

A- 7. What parts of the body are regarded as least sensitive to radiation?
| As most sensitive?

A- 8. If the radiation intensity from a source is 10r/hr at a distance of
two (2') feet, how much would it be at the following distances?

(a) Four (4') feet

(b) Ten (10') feet

( (c) Twenty (20') feet

(d) One (l') foot
'

A- 9. What is the HVL thickness of lead for Iridium 192? For Cobalt 60?

4499T -6-
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p WRITTEN TEST FOR QUALIFYING
% RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

,

. GROUP A - CHARACTERISTICS OF GAMMA RADIATION AND FUNDAMENTALS OF RADIATION
SAFETY - Cont'd

A - 10. Calculate the dose received from a 10 curie Cobalt 60 source in ten
minutes at a point two feet from the source after the radiation has
been attenuated by one HVL of lead.

A - 11. What effect would a single, whole body exposure of 600 r have on a
human?

A - 12. Would a single exposure of 600 r to only one hand be fatal? Explain
' your answer.

A - 13. Define the half life of an isotope.

A - 14. Will radiation produce greater biological effects on minors or
adults? Explain your answer.

A - 15. What is the unit of measurement for the effect of any type of
radiation on man that is the equivalent of the effect of one roentgen
of gamma radiation to man?

GROUP B - RADIATION DETECTION AND INSTRUMENTATION

B- 1. Why is it so important to survey your exposure device after each
exposure is made?

B- 2. Why do most film badges contain two films of different speeds?

8- 3. Suppose your survey meter was found to be broken or badly out of
adjustment on a field trip. What would you do?

B- 4. Are you pennitted to use a survey meter which has no calibration date
or expiration? Wny?

B- 5. List the radiation levels indicated on a survey meter when:

(a) range switch set on .1, meter reads 6 mr/hr
(b) range switch set on X100, meter reads 25 mr/hr
(c) range switch set on X1, meter reads 65 mr/hr
(d) range switch set on X10, meter reads 8 mr/hr

4499T -7-



Q WRITTEN TEST FOR QUALIFYING
RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP B - RADIATION DETECTION AND INSTRUMENTATION - Cont'd

B- 6. When perfonning radiography, when must radiation surveys be made and
what survey results must be recorded?

8- 7. What minimum and maximum ranges are required for a survey meter?

B- 8. How often must radiation survey meters be calibrated?

8- 9. Can film badges be transferred from one user to another? Why?

B - 10. Pocket dosimeters are designed to measure:

(a) Gamma rays and x-rays only
(b) Gamma rays, x-rays, and beta particles
(c) Gamma rays, alpha and beta particles
(d) Alpha and beta particles only

B - 11. What personnel monitoring devices must a Radiographer's Assistant.

wear?

B - 12. How do survey meters and pocket dosimeters differ in the way they
measure radiation?

B - 13. What does a pocket dosimeter measure?

B - 14. What does a survey meter measure?
,

B - 15. What does a film badge measure?

O
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WRITTEN TEST FOR QUALIFYINGf

RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP C - RADIATION EQUIPMENT AND ITS USE

C- 1. Describe the procedures you would follow if your source should become

Q uncoupled from the flexible cable while in the exposed position?

C- 2. For a 30 minute exposure in a restricted area, your " CAUTION
RADIATION AREA" sign could be placed where your survey meter
reads mr/h r.

C- 3. Can the position of a source (i.e. fully exposed or fully retracted)
be accurately detennired by counting the number of hand crank
revolutions? Why?

C- 4. What is the maximum allowable dose rate at 6 inches from the exterior
surface of an exposure device that measures 3 inches from the sealed
source storage position to any exterior surface of the device?

C- 5. If a radiographic exposure device measures 5 inches from the sealed
source storage position to the exterior surface of the device, what

'O is the maximum allowable dose rate at the surface?

C- 6. What is a collimator?

r C- 7. What is the maximum strength of the source of Iridium 192 you are
allowed to use in a Technical Operations Model 660 exposure device?

C- 8. A Technical Operations Model 660 exposure device has a capacity of
100 curies of Iridium 192. Could you use this same camera for 25
curies of Cobalt 607 Explain.

C- 9. Why are exposure devices which are made from depleted uranium lighter
than those made of lead?

C - 10. How often must a sealed source be leak tested? What is the maximumO allowable removable activity?

C - 11. If a leak test of a gamma ray source shows excessive leakage, what
. must be done? .

4499T -9-
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O WRITTEN TEST FOR QUALIFYING
RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

,

GROUP C - RADIATION EQUIPMENT AND ITS USE - Cont'd

C - 12. What portion of a crank operated, remotely controlled exposure device
should be inspected most frequently to avoid creating a hazardous
situation?

(a) The locking mechanism on the camera

(b) The control cable crank assembly
(c) The hookup between the pigtail and the control cable
(d) All are of equal importance

C - 13. How could you make a set of remote handling tongs in an emergency
when you have only a kit of conventional hand tools available?

C - 14. Wny are Cobalt 60 cameras so much heavier than Iridium 192 cameras
when both are rated for the same curie capacity?

O C - is. Waet cea aaPPea if rou try to force the fiexiaie coatroi cabie aad
:;ource through the guide tube with the hand crank?

GROUP D - NUCLEAR REGULATORY C0litilSSION REGULATIONS

D- 1. Is a dose of one roentgen due to ganrna or x-radiation considered to
be the same as a dose of one rem? Why?

D- 2. Define Radiation Area.

D- 3. Unless special records are maintained, a radiographer is not
pennitted to receive a radiation dose to the whole body in excess
of rem per calendar quarter.

D- 4. Regulations covering surveys are found in Paragraph of
Part 20 of NRC Regulations, Title 10.

D- 5. If special forms are maintained, a radiographer may receive a
radiation dose to the whole body of rem per
calendar quarter.
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WRITTEN TEST FOR QUALIFYINGO RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd
,

!

GROUP D - NUCLEAR REGULATORY COMMISSION REGULATIONS - Cont'd

D- 6. The standards for protection against radiation are set forth in
Pa rt of NRC Title 10.

D- 7. Regulations covering licenses for radiography and radiation safety
requirements for radiographic operations are set forth in
Part of NRC Title 10.

D- 8. Any radiographic area to which access is controlled by the licensee
is called a .

D- 9. No person can act as a Radiographer until he has received copies of
and instruction in the regulations covered in NRC Title 10,
Part and Part .

D - 10. Fill in the maximum allowable exposures of individuals to radiation
O in restricted areas. (Rems per calendar quarter.)
v

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

(b) Hands and forearms; feet; ankles.
(c) Skin of whole body.

D - 11. Name two (2) types of personnel monitoring equipment required by NRC
Regulations.

.

D - 12. Draw a rough sketch and explain the radiation symbol used on " CAUTION
RADIATION AREA" signs and indicate the colors which must be used for
the symbol and i ts background.

D - 13. What is your responsibility as a worker (employee) as outlined in
Form NRC-3 " Notice to Employees"?

i

D - 14. Can you use a " CAUTION RADI0 ACTIVE MATERIAL" sign to post a high
radiation area? Explain.

D - 15. What are the locking requirements for radiographic exposure devices?
O ror store 9e coat <aers7
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(] WRITTEN TEST FOR QUALIFYING'
RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP E -0PERATING AND EMERGENCY PROCEDURES
,

E- 1. When working at a customer's plant, what steps must be taken to
advise customer personnel that you are working?

E- 2. Can a Radiographer's Assistant keep the jobsite under surveillance or
is a Radiographer required for this?

E- 3. Suppose someone ignores your signs and barriers and insists on
entering the radiation area. What steps should you take?i

E- 4. On a Radiation Report, are the exposure device serial number and
source serial number the same?

E- 5. What would you do if you had a wreck with a truck carrying an
exposure device loaded with a source?

A
V E- 6. What would you do if you checked your pocket dosimeter and found it

had gone off scale?

E- 7. What radiation dose rate is allowed at the outside of a truck used to
transport a radioactive source? At the driver's location?

E- 8. You barricade a temporary radiographic area and the dose rate
measured at the barricade is 2 mr/hr. How many signs must you use to
post the area? Where must they be placed, and what words are on the
signs?

E- 9. What reports must the Radiographer keep a copy of at the jobsite?

E - 10. What would you do if your exposure device was lost or stolen?

E - 11. When must a pocket dosimeter be recharged?

E - 12. How must you restrict each temporary radiographic area to control
access?

4499T - 12 -
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WRITTEN TEST FOR QUALIFYING

O RioIOGaieNeRs ^No assis1 ANT ano10GRaeNeRs - Coat d

GROUP E -0PERATING AND EMERGENCY PROCEDURES - Cont'd

E - 13. List three documents that the company must make available to each
Radiographer?

E - 14. What company document must each Radiographer's Assistant have?

E - 15. What is the requirement for surveillance of a radiographic exposure
device when it is in use?

O

04
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(]) ANSWER SHEET FOR WRITTEN TEST
FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS

GROUP A - CHARACTERISTICS OF GAMMA RADIATIONS AND FUNDAMENTALS OF RADIATION
SAFETY

A- 1. No. It remains constant.

A- 2. Roentgen.

A- 3. The intensity at which the dose is being received is called the dose
rate. The total dose received in a given length of time is called
the dose or total dose.

A- 4. Curie.

A- 5. An isotope is a variation of an element which has the same atomic
number and chemical characteristics as the element, but differs in
atomic weight, making it unsuitable.

A- 6. One-eighth.

A- 7. The hands, forearms, feet and ankles are least sensitive. The whole
body, head and trunk, active blood forming organs, lens of the eye or

O gonads are the most sensitive.

A- 8. (a) 2-1/2 r/hr; (b) 400 mr/hr; (c) 100 mr/hr; (d) 40 r/hr.

A- 9. Approximately .20" for IR 192 and .50" for Co 60.

A - 10. Approximately 3,021 mr.

A - 11. It would probably cause death.

A - 12. No. The hands are less sensitive to radiation exposure than other
parts of the body.

A - 13. The length of time it takes for the isotope to lose one half of its
strength, as measured from any given time.

A - 14. Minors. Their bodies have not fully developed and are more
susceptible to damage from ionizing radiation.

A - 15. Rem.

O
,

|
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(' ANSWER SHEET FOR WRITTEN TEST
FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP B - RADIATION DETECTION AND INSTRUMENTATION

8- 1. To assure the sourte has returned to a safe secured stored position.

B- 2. To increase the diagnostic range of the film badge.

8- 3. Shut down the job and obtain another survey meter that has been
calibrated within the past three months and is operable before
transporting or using the radiographic equipment.

B- 4. No. Regulations require that the calibration date be affixed to all
survey meters in use.

B- 5. (a) 0.6 (b) 2500 (c) 65 (d) 80 1

B- 6. A physical radiation survey af ter each radiographic exposure, prior
O to securing the exposure device (which must be recorded) and prior to

making exposures to detennine the perimeter of the restricted area.

B- 7. 2 mr/hr through I r/hr.

B- 8. At least every three (3) months.

B- 9. No. There would be no way of knowing what percent of the total
measured dose was received by each wearer.

B - 10. (a) gamma rays and x-rays only.

8 - 11. A film badge and dosimeter.

B - 12. A survey meter measures dose rate. A pocket dosimeter measures the
total dose received.

B - 13. A pocket dosimeter measures the total radiation dose received.

4499T - 15 -
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O ANSWER SHEET FOR WRITTEN TEST
U FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADTOGRAPHERS - Cont'd

GROUP B - RADIATION DETECTION AND INSTRUMENTATION - Cont'd

B - 14. A survey meter measures dose rate.

B - 15. A film badge measures the total radiation dose.

GROUP C - RADIATION EQUIPMENT AND ITS USE

C- 1. Restrict and post the area in accordance with the Operating and
Emergency Procedures. Contact Radiation Safety Officer or Assistant
Radiation Safety Officer. Keep the restricted area under constant
personal surveillance.

C- 2, 2 mr/hr.

C- 3. No. Regulations require a survey meter be used for this purpose
O because drive cabie si'PPase caa resuit fro = ora =echaa$s s-

C- 4. 50 mr/hr.

C- 5. 200 mr/hr.

C- 6. A ported, shielding metal attachment used to reduce scatter and
confine the primary beam of radiation to the area being examined.

C- 7, 100 curies of Iridium 192 (or 120 curies, with 20% allowable).

C- 8. No Additional shielding would be required for the higher energy
level of Cobalt 60.

C- 9. The density and absorption efficiency of uranium is greater than that
of lead.

C - 10. At least every six (6) months. 0.005 microcuries.

O
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ANSWER SHEET FOR WRITTEN TESTp
V FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP C - RADIATION EQUIPMENT AND ITS USE - Cont'd

C - 11. Place exposure device and attachments, if they are contaminated, in a
plastic bag (after first having secured and locked the source) and
place it in a locked container or room. Contact Radiation Safety
Officer or Assistant Radiation Safety Officer for instructions.-

C - 12. (d) All are of equal importance.

C - 13. Tape two extensions handles made from sticks or poles to the handles
of a pair of pliers.

C - 14. Because of the great difference in energy level and penetrating
ability between Cobalt 60 and Iridium 192.

C - 15. Guide tube can be damaged; source could become uncoupled from drive
cable; cable drive gear could become stripped; source could stick

( in guide tube.

GROUP D - NUCLEAR REGULATORY C0lHISSION REGULATIONS

D- 1. Yes. Tne biological effect of other radiation on body tissue is
measured relative to a dose of one reontgen (r) of x-rays and is
defined as a rem.

D- 2. Tnat area in which any major portion of the body could receive in any
one (1) hour a dose in excess of 5 millirem or in any 5 consecutive
days a dose in excess of 100 millirems.

D- 3. 1.25

D- 4. 20.201

D- 5. 3
.

D- 6. 20
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[]' ANSWER SHEET FOR WRITTEN TEST
FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP D - NUCLEAR REGULATORY COMMISSION REGULATIONS - Cont'd

D- 7. 34

D- 8. Restricted Area.

D- 9. 20, 34.

D - 10. (a) 1.25 rem (b) 18.75 rem (c) 7.50 rem.

D - 11. Pocket dosimeter and film badge.

D - 12. A purple colored propellor shaped figure upon a yellow background.
It has three (3) blades equally spaced with the bottom blade in a
vertical position.

D - 13. You should familiarize yourself with the provisions of the N.R.C.
Regulations and the Operating Procedures which apply to the work in
which you are engaged. You should observe their provisions for your
own protection and protection of your co-workers.

D - 14. No. Sign must read " CAUTION HIGH RADIATION AREA"

D - 15. Each radiographic exposure device shall be kept locked except when
under the direct surveillance of the Radiographer or Radiographer's
Assi stant. Each storage container shall be kept locked when
containing sealed sources, except when under the direct surveillance
of the Radiographer or Radiographer's Assistant.

GROUP E - OPERATING AND EMERGENCY PROCEDURES

E- 1. Notify the Plant Manager or Shop Supervisor and ask him to notify the
Safety Department if they have one. Obtain pemission from the
person in charge before starting the radiographic operation.

E- 2. The Assistant may do it by himself.
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ANSWER SHEET FOR WRITTEN TEST^

- FOR QUALIFYING RADIOGRAPHERS AND ASSISTANT RADIOGRAPHERS - Cont'd

GROUP E - OPERATING AND EMERGENCY PROCEDURES - Cont'd

O e - 3- aetract source aad secure exposure device- oo aot resume oPeratioas
until area has been cleared of unauthorized personnel. Infonn the
violator's Supervisor of his conduct.

E- 4. No.

E- 5. Follow the instructions outlined in the Operating and Emergency
Procedures.

E- 6. If operating an exposure device, retract source and secure the
exposure device. Contact Radiation Safety Officer for instructions.

E- 7. 2 mr/hr at outside surface of truck; 1 mr/nr at driver's location.

' E- 8. Place a minimum of four (4) " CAUTION RADIATION AREA" signs, one (1)
at each 90 degrees around the perimeter.

E- 9. Daily Radiation Report.

E - 10. Notify the local Civil Authorities and contact the Radiation Safety
Officer or the Assistant Radiation Safety Officer. Follow Operating
and Emergency Procedures.*

E - 11. Before the start of each day's operation.

E - 12. Rope off area at 2 mr/hr perimeter. Place " CAUTION RADIATION AREA"
signs 90 degrees apart at 2 mr/hr perimeter. Place four (4) " CAUTION

i HIGH RADIATION AREA" signs in 100 mr/hr area,

pd A copy of the Company's Operating and Emergency Procedures, a copy ofE - 13.
the Company's N.R.C. Materials License, and Parts 20 and 34 of N.R.C.
Rules and Regulations, Title 10.

t

g E - 14. A copy of the Company's Operating and Emergency Procedures.

E - 15. Unlocked exposure device must be under constant surveillance. Device
may be unlocked only wnile exposures are being made. Do NOT leave
device unattended at any time.
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