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SUPPIDENT TO NRC FDRM 313

ITEM 5

Element and Mass No. Physical Form Maxinun Amount

(a) Ir 192 Sealed Source 300 ci + 2W,

(b) Co 60 Sealed Source 33 ci + 107.

(c) Co 60 Source Rod 15 mei + 107.

(d) Ce 137 Source Pod 150 mei + 107.

ITEM 6

(a) Industrial Radiography

(b) Industrial Radiography

(c) Calibration of Survey bbters

(d) Calibration of Survey bbters

ITDI 7

Franz H. Noll, P.E. Radiation Safety Officer
iAttended 40 hrs. - Dupont Industrial Radiography Course and

40 hrs. Tech / Ops Radiaticn Safety Course.
Performed X- and Gamna Radiography since 1972.

ITEM 8

Radiographic Technicians receim a 40 hr. initial Training Course.
Periodic training of 8 hrs, duraticn will be given cn an annual
basis.

ITEM 9

khenever possible, radiographic operations are performed inside of
a permanently shielded exposure rocin, see Attachment No.1 of the
NRC License No. 37-21067-01. khenever exposures are inade outside
of the exposure room, the procedures outlined in Attachnent tb. 4
of the NRC License are strictly adhered to.

)
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SUPPIDENT TO MIC EUR'1313

ITD1 10

See License No. 37-21067-01, Attachmnt No. 5, Pages 34 through
62 for initial training and Pages 66 through 70 for periodic
annual training.

1791 11

Upon receipt of a new radiographic source, the depleted source
is returned to the source manufacturer for disposal.

.

|

|

|

i

h

1



" ' - - - - -
r

O O(

G:
i
.

I

!

!
!

!

(

I LICENSE FOR USE OF BY-PRODUCT MATERIAL

f FOR INDUSTRIAL RADIOGRAPHY

!

! N.R.C. LICENSE NO.: 37-21067-01
|

!

|

O'

|
,

|

:

|

I
i

!

!

!
I LICENSEE: PENNSYLVANIA SHIPBUILDING COMPANY
! I' . 0 . Box 89

CHESTER, Pennsylvania 19016'

i

O
4

4
-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . . _ _ _ - _ . - - .



0,

, 'i -Q []
PEMKSYLVANIA SHIPBUILDING COMPANY License No. 37-21067-01

Attachments
- CHESTER, PENNSYLVANIA 19016

.

ATTACHMENT.
NUMBER DESCRIPTION PAGE

1 Description of Permanently Established 1
- Radiography. Facilities.

~

1.1 Location s

/1. 2 Physical Description 1

1.3 Radiographic Work Area 2

1.4 Source Limitation 2-

1.5 Surveys 2

1.6 Storage Vault 2

2 Survey Meters 1

3 Personnel Monitoring 1

4 Standard Operating Procedure for Safe 1
'

Handling of Radioactive Material

Operation of Radiographic Cameras 1

Using Radioisotopes

(1) Unrestricted Area Techniques 1gg
d (2) Radiographic Enclosure Techniques 3

(3) Special Instructions for Shipboard 4

Operations of Ships with Assigned
Crew Aboard.

(4) Op'eration of the T/0 Model 773 5

Calibration Unit and Calibration
of Survey Meters ,

Standard Operating Procedure of the A.I. 7

Model 43858 Source Changer.-

Standard Operating Procedure of the T/0 8

Model T/0-771 Source Changer.
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PENNCYLVANIA SHIPBUILDING COMPANY License No. 37-21067-C
Attachments

CHESTER, PENNSYLVANIA 19016

O

ATTACHMENT
NUMBER DESCRIPTION PAGE |

fStandard Operating Procedure for the 10
Safe Operation of the Tech / Ops Model |
To-650 Source Changer.

Standard Operating Instructions for 13

Radiation Accidents

| Standard Operating Instructions for 15

|
Recovery of Radioactive Sources

|

Standard Operating Procedures for 16
|

Personnel Monitoring

I Standard Operating Procedure for 17

Maintenance of Records

Standard Operating Procedure for 18
Daily Inspection of Radiographic
Equipment.

Standard Operating Procedure for 19
Quarterly Inspection and Maintenance
of Radiographic Equipment.

5 Training Program to Train Inexperienced 1
Personnel to be Assistant Radiographers

Training of Assistant Radiographers 19
to become Radiographers

Training Requirements for Personnel 63
with previous Radiographic experience.

6 Management Quarterly Inspection 1

Procedure

7 Organizational Structure for Control 1

of the Radiation Programs

8 Leak Test Procedure 1

!
) 9 Quarterly Audits of Radiographers and 1

Assistant Radiographers.
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Licensa No. 37-21067-01-

Attaclinent Mo.1
ggjg REV. A - 5/26/82

DESCRIPTION OF PER%'ENILY ESTABLISHED
RADIOGRAPHY FACIL a a.S

.

1. Iocation

The pennanent Radiographic facility is located in the Southeast
comer of the Pipe Shop (Departrent 34), Central Yard, Chester,
Pennsylvania. It is an ooen type building with a roof height of
approximately three stories. There is no second floor in the Main
Slup area where the Radiographic Facility is located. There are no
stairs or ladders to the direct line of radiation. The Shop Bridge-
Crane is renotely controlled by a crane operator on the ground.

No buildings of any height stich could receive direct Radiation
exist around the Radiographic Room. -

2. Physical Description

.The Padiographic Area lies 'within an area cmorised of a double
course block and concrete wall 8'-6" high. Access to this area is by
a single route through two (2) locked doors. The imer door is lead
shielded and seals the maze entrance during radiograohic exposures.
It is equipped with a Tech / Ops Gacmalam which is interlocked with the

O shielded access entrance door. The detection of 2mR/hr. or nore of
X-or gaana radiation will cause the red lights to flash. It will also
cause the alam buzzer to sound when the door is not closed.

The magnetic door lock cannot be released fran the outside while
radiation in e: cess of 2mR/hr. is present in the egosure roan.

When an exposure has been emoleted and the radiation level has
dropped to less than 2mR/hr. , the Gamalam changes fran red to green
light, indicating a safe condition. The door lock ray now be released
by pushing a button adjacent to the door. The shielded door may be
unlocked at any time fran the inside.

The Gatmalam System and the door interlock are tested by the
Radiation Safety Officer or Assistant Radiation Safety Officer at
intervals not to e:ceed three nonths. Records of the coerational
tests will be kept on file for a period of two years.

A wide angle mirror is located in a ranner that nemits the
Radi rapher to observe the facility at all times fran the
mani ating area. .

O
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3. Radiographic Work Area

The safe wrk area within this facility is defined
by a yellw line forming a rectangle 4' from the walls
and a nexinun height of 5' frcm the floor. All radio-
graphic wrk is to be perfonned within this area.

4. Source Limitations

This facility is chsigned for use of:
192a. 120 ci of Ir - Autcmation Industries !bdel 520

with a collimator having a minginn attenuation
factor of 100, provided the 70 included angle of
primary beam is either straight uo or dcsn.

192The use of Ir sources without collianators recuire
written nermission from the Radiation Safety Officer,

60b. Using a 00 source - Tech / Ops Ibdel 741 with a
collirutor having a mininun attenuation factor of 60,
provided the primary beam is either straight un or down
requires written pennission frcxn the Radiation Safety
Officer. B: posing a 00 60 Radiography Source inside
the radiographic exposure lab without collimation is
ret pennitted.

l37c. 165 mei of Cs - Tech / Ops tbdel 773 calibration Unit.

5. Surveys

Inital surwys wre nude and are on file using the wrst
possible set-up(beam aimed directly at wall) . All surveys
indicated safe operation of the facility at 2:rR/hr. or 1c% on
the outside surface of all walls.

A recorded sunny is required once on eight (8) hour
shift or operation.

A suney of the source tube and canera to insure procer
positioning of the source in the camera is recuired after
each exposure.

6. Storage Vault

The storage vault is an enclosure constructed from 8" solid
concrete blocks and with an 8" reinforced concrete roof (See
Sketches on pages 5 & 6). The floor ccrorises a 4" reinforced
concrete slab with 16" high concrete pedestals for the Automation
Industries tbdel 520 Projectors for Ir 192 and the Tech / Ops 1bdel
773 Cs 137 projector for calibration

( -
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A wrtical 1 inch thick steel plate has been placed behind the door for
storage of a Tech / Ops tbdel 741 Projector containing a,33 ci max.
00 60 source.

The storage vault is located at the east end of the CleanerIt is surroundai orBuilding and 5 -4" away frun that building.
three sides by a 6 foot high chain link fence extending f.rA the
Cleaner Building and 5'-4" away frun the storage vault. A a
east side of the chain link fence is a 3 foot wide gate secured
by a heavy duty type padlock.

Caution - Radiation Area signs are attached to ths North and
South sides of the chain link fence and to the gate at the east side,
"Caution - Radioactive Material - No Unauthorized Personnel" signs
are attached to the concrete wall of the vault at each side of the
steel door.

Outside and inside lighting fixtures are provided for the
safety of personnel.

All isotope projectors are stored in the vault when not in use.
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0
.

SURVFY METERS

M/KE MODEL NUMBER RANGE.

Ludium 4 0-1000 mR/hr.

Eberline E-130G 0-1000 mR/hr.

Calibration is performed e v e r y nin e t y (90) days and after
any Maintenance is performed.

All calibration of Survey Meters is performed in the permanent ,

facilities by qualified Radiographers. Repair of Survey Meters is
performed by Penn Ship's Electronic Shop personnel.
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PENNSYLVANIA SHIPBUILDING'taMPANY Page 1 of 1
CHESTER,. PENNSYLVANIA 19016 License No. 37-21067-01

Attachment No.3

O

,
PERSONNEL MONITORING ,

1. Film Badges are supplied bi-weekly for all Radiography
Personnel. Bi-weekly reports are received and kept on file
in the Padiographic Office.
Film Badge Service - R.S. Landauer, Jr. & Co.

2. Dosimeters are available for all personnel.
The following types of pocket dosimeters are being used
at the precent time:

.

Mfr. Model No. Range

Victoreen 541A 0-200 mR

| Stephen None 0-200 nR

3. Victoreen-Dosimeter chargers, Model Number 2000A are
available to all personnel in the Film Processing
Room.

|
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(, '
STANDARD OPERATING PRO DURE

'

FOR SAFE HANDLTIE OF RADIQAGflVE ffATERIAL
., .

OPERATION OF PADI0 GRAPHIC CAFERAS USItU RADI0ISOIOPES

The three types of cmeras utilized by Penn Ship are:,
'

A. Autcmation Industries tbdel 520 cameras with ci + 207.
The ciperationkmaxirun of Ir 192 are used for Radiography'.

for these devices is covered in Paragraphs 1,2, and 3 below.

B. Technical Operations, Inc. Model 741 Camera with 30 ci + 107.
unxinun of 00 60 are also used for Radiography. The operation
for this camera is detailed in Paragraphs 1 and 3 below.

C. Technical Operations, Inc. Model 773 Cmera with 150 mei + 107.
maxim 2n of CS 137 is used to calibrate the survey meters. The
operating procedures for this camera are detailed under
"calibration of survey meters".

(1) Unrestricted Area Techniques

a. Take at least one operable survey meter with you that has a
current calibration tag attached.

r( b. Remove the camera to be used ftun the vault and check the
radiation intensity outside of the camera (50 mR/hr. max,
at 6 inches for Automation Ind. Model 520 camera, and 200
mR/hr max. at any exterior surface or 10 mR/hr. at one
meter from any exterior surface for Tech / Ops, bbdel 741
camera). The radiation level at 6 inches and ora meter,
respectively, is to be recorded in the applicable line of
the Radiographer's Report,

Transport the'canera to the area where the Radiography isc.
to be performed by using only the authodzed vehicle with
radiaticn placards. If any other vehicle is used, it must '

have the necessary radiation placards attached,

d. Upon arrival at the job site, calculate the distance fran the
source to the restricted area perimeter. Rope off the <

restricted area perimeter so that exposure to individuals
will not exceed 2mR in any one hour. Post the "Caution -
Radiation Area" signs conspictously along this perineter.

-

,

__ , ,



. - _ _

PENNSYLVANIA SHIPSUILgG COMPANY ) Paga 2 of 20
- Licensa No. 37-21067-01

Attachment No. 4

Rev. A - 5/26/82
~

The potential exposure dose of 2 millirem in any one hour is the
product of radiation intensity as indicated on the survey meter
and actual exposure time. For instance, an exposure of 10 minute |

duration has to be made. The restricted area perimeter must be es
close as possible to the source; the actual reading on the survey
meter at the rope is 12 mR/hr. The last exposure ended at 9 :45 |

a.n. The exposure in question cannot commence until 10:45 a.m.
The exposure following will have to wait until 11:55 a.m.

| e. Using the same technique, calculate the distance f rom the isotopej
position to the 100 mR per hour isodose line and post signs!

f bearing the radiation symbol and the words, "Caution - High
Radiation Area," in a manner that can be seen from any approach.

f. Remove dust plugs from camera and connect source tube or
collimator to the camera. Inspect source tube for damage, if
used.

g. Connect the crank assembly cable to the end fitting on the source

pig tail, and the crank assembly to the camera. Extend
crank assembly out as far as possible from camera. (Leave camera
locked.)

h. Fbke sure that area is completely f ree of personnel.

1. With filn in place, unlock camera, and quickly crank out isotope
to the full extent. Survey the perimeter of the restricted area.
The radiation level at the perimeter is not' to exceed the level
calculated in Para. d above.

When the exposure time has elapsed, quickly crank source into
camera. Survey the source tube and the camera to ascertain that
the source is fully retracted in the camera. Lock camera.

j. For repeat exposures, repeat Step "i" until complete.

k. Upon completion of exposures for that area and after completing
surveys as required in Step "i," load camera into radiation
transportation vehicle and return to vault.

1. Survey the Automation Ind. Model 520 camera at 6 inches and the
Tech / Ops Model 741 camera at all exterior surfaces and at one
meter (3'-3 3/8") from all exterior surfaces of the camera. The
radiation levels at 6 inches and one meter, respectively, of the
last daily survey are to be recorded on the Radiographer's Report.
Store camera on empty shelf in vault. Survey the vault area.
Checs that all radiation and radioactive material signs are in
clace on perimeter fence,

f
m. Complete all of the information required on the Radiographer's

Report in triplicate. One copy is filed under survey records, one
copy filed under job number, and one copy is filed for the
customer.

'
m _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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(2) Radiographic Enclosure Technique

a. On arrival, check the radiation level cutside of the vault. If i
'

radiation exists in excess of 2mR/hr., notify the Radiation Safety
Officer. Open vault and remove the camera to be used, meck the
radiation level at six inches frun the canera and record on the
Radiographers Report in the appropriate space

IUIE: For limitations of radioactive sources to be
used in the radiographic enclosure, see page
2 of attachnent No.1.

b. Ioad camera in afferized radiation vehicle (cre that has the
proper radiation placards) and proceed to the Radiographic
enclosure located in the southeast corner of the Pipe Shop.

c. Unlock the lead shielded door and ascertain that no unauthorized
personnel are in the area. Geck that all radiation placards
are in place and the outside red lights have been turned on.

d. Set up camera in proper location and renove dust plugs, connect the
source tube and/or collimator to the camra as required, after
checking scurce tube and/or collimator for poesible danage.

e. Connect the control cable assembly to the camera.'

| f. After rechecking the area for unauthorized personnel, -unlock the
camera.

| g. All exposurus are to be made with the collimated radiation bean
directed either straight up or down, and all exposure "set-ups"
are to be made within the confines of the yellow line tlut is
located on the floor, four (4) feet from each wall.

( h. Close shielded door and uisure the lock is engaged.

|
|

I
|

t

O

1
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1. With film in place, quickly crank out the source to the full
extent. During the exposure, survey radiation levels at the outside
enclosure wall. Monitor the Gammalarm for an unsafe condition
(if buzzer sounds, investigate the cause such as the door not being
properly closed and locked. If buzzer does not go off, return the
source to the stored position).

j. At the conclusion of each shot, return the isotope into the
camera, unlock the shielded door, survey the camera and source tube
to insure that the isotope is in the proper storage position and lock
camera.

k. At the conclusion of the work period, all related gamma ray
equipment is to be properly stored and the camera transported back
to the vault.

1. At the vault just prior to storing the camera. check the radiation
level at six inches from the camera and record the readings on the
Radiographers Report in the appropriate place,

m. Close vault and lock, check radiation in area (if in excess of h
2mR/hr, report to Zadiation Safety Officer), check that caution signs

are in place.

n. Complete Radiographers Report and turn in to-the X-Ray Office.

(3) SPECIAL INSTRUCTIONS FOR SHIPBOARD OPERATIONS

OF SHIPS WITH ASSIGNED CREWS ABOARD

1

a. All instructions for open air technique are applicable to ship-'

board operations plus the following Procedures.
|

!

| b. Notif y the Captain or Watch Of ficer in advance that you are going
I going to perform gamma ray inspection and of the area that must be

clearea. It is especially important for foreign speaking crews that
someone in charge has a clear understanding of what you are doing and
can assist you in assurin.g that all personnel are out of the area. If

no one aboard can communicate with you, find the port engineer for the
ship and work thru him,

Use the necessary number of assistant radiographers to rope of fc.

and guard all decks involved in the area where radiation occurs which
could expose an individual to more than 2 milliroentgens in any one hour.

O1

_ _ _ _ _ _ -
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d. When the camera must be used over the side of a ship that is afloat, a
stout line at least 30 foot long with a float attached mur securely
attached to the camera in case it goes overboard. The line .ad float will
aid in recovering the isotope.

(4) Operation Of The Technical Operations Model 773 Calibration Unit-
Calibration Of Survey Meters

a. The calibration of survey meters shall be performed by a qualified
Radiographer who has been evaluated by the Radiation Safety Of ficer
in the calibration procedure. The Radiographic Technician only is
fully responsible for the safe operation of the calibration unit,

b. Survey Vault area for radiation (if radiation intensity is in excess
of 2mR/hr, report to the Radiation Safety Of ficer). Remove Tech / Ops
Model 773 Calibration Unit and survey. Proceed to the radiog' aphicr

enclosure in the southeast . corner of the Pipe Shop.

. f)
(,,/ c. Turn on the Survey Meter. Check the battery indication of the Survey

,

Meter which must be in the "0K" range. Let the Survey Meter varm up
for at least 5 minutes for stabilization of the electronic circuitry.
Turn the selector switch to the "x 100" range,

d. Using the Inverse Square Law, determine the distance at which the
radiation intensity is 800 mR/hr. Place the Survey Meter at - this
distance.

e. Unlock the handle of the Calibration Unit and lif t the source rod to the
upper limit. Read the Survey Meter.If necessary, adjust the Fkter until
the reading is within +/-10% of the actual radiation intensity.

f. Place the 0.25 attenuator in the radiation beam. The actual radiation
intensity is nov 200 mR/hr. Repeat step e.
If it was necessary to adjust the Meter in order to obtain a reading
o'f 200 mR/hr +/ -10%, a reading at the 800 mR/hr intensity shall
again be taken.

A
U
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g. Place the 0.10 attenuator closest to the projector housing in the
radiation beam, then remove the 0.25 attenuator from the beam. The
actual radiation intensity at the location of the Survey Meter is now

80mR/hr. Without . moving the Survey Meter, turn the selector switch
to the " x 10" range. Repeat step e.

h. In addition to the 0.10 attenuator, place the 0.25 attenuator in the
radiation beam. The actual radiation intensity at the Survey Meter
is now 20mR/hr. Repeat step e.
If it was necessary to adjust the Meter in order to obtain a reading
of 20mR/hr +/ -10%, a reading at the 80 mR/hr intensity shall again
be taken.

1. Place the second 0.10 attenuator in the radiation beam and remove
the 0.25 attenuator. The actual radiation intensity at the location
of the Survey Meter is now 8 mR/hr. Turn the selector st.* itch to the
"x1" range. Repeat step e.

j. In addition to the two 0.10 attenuators, place the 0.25 attenuator
in the radiation beam. The actual radiation intensity at the location
of the Survey Meter is nov 2 mR/hr.
Repeat step e.

~

If it was necessary to adjust the Survey Meter in order to obtain
a reading of 2 mR/hr +/-10%, a reading at the 8 2R/hr intensity shall
again be taken.

k. Continue above steps, until all Survey Meters are calibrated. Lower
the source rod and lock the handle of the Calibration Unit. Su rvey I

the Calibration Unit and return it to the vault.

1. Lock the vault and survey the area. Return keys to the X-Ray Office.

m. Complete the calibration labels by adding the date of calibration,
next due date, and the technician's initial. Attach the calibration
labels to the Survey Meters.
Survey Meters that fail to read within +/-10% of the actual radiation
intensity are to be taken to Penn Ship's Electronic Shop for repair.

|
|
|

O
i

i
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STANIARD OPERATItU PFO DURE

FDR

THE SAFE OPERATIm 0F THE AUIO% TIC INDWTRIES FDEL 43868

SOURG GANGER

1. The Autmation Industries 43868 source changer may be used as a tenporary
storage container for radioactive sources, Technical Operations Fbdel
#866 or equal only while perfonning maintenance or repair on camera
A. I bbdel 520. It also can be used when it is necessary to transfer a
radioactive source from one camera A.I. bbdel 520 to another. The following
steps will be follom d when using the source changer.

a. Check transfer tube for damage and cleanliness (Note: tube is open at both
ends, check by looking though) . Geck crank assembly connector and if okay,
remove dust plugs fmn camera and connect crank assembly to camera and transfer
tube to both, camera and source changer. Crank source out of camera and into
source changer as far as it will go. Survey the canera, the source tube and
the source changer to insure that the source is properly positioned in the
source changer. Disconnect tube at source changer. Disengage the source
pigtail fran the crank assembly cable. Fully retract control cable. Dis-

p connect the control cabic and the transfer tube fran the camera. Lock
V camera and source changer.

b. To nove the source back into the carera, survey the camera to insure that it
is enpty. Survey the source changer to insure that the isotope is properly
positioned. Connect the control cable and the source tube to the camera.
Crank out enough cable to connect the crank assembly cable to the source
cable. Connect the source tube to source changer. Crank the source back
into the camera. Survey the camera, source tube and source changer to
insure that the source is properly positioned in the camera. Disconnect
control cable and store.

|

fTJ
!

|

i
- - _ _ - . _ _ -
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STANDARD OPERATING PROCEDURE

FOR

THE SAFE OPERATION OF THE TECH /0PS MODEL T0-771

SOURCE CHANGER

The Tech /0ps Model T0-771 source changer - shipping container is designed for
transferring encapsulated radioisotope sources into radiographic cameras, such as
the Model No. T0-741. The following steps will be followed when using the source
changer:

1. All personnel involved with the operation must wear monitoring
devices, i.e. film badge and dosimeter.

2. Monitor all operations with a calibrated, operable survey meter.
3. Upon receipt of the source changer, survey the source changer to

ensure that the source is in the proper storage position. State
on the proper receiving record the maximum radiation intensity
measured at all external surfaces and at 3 feet from all external
surfaces (maximum permissible is 200 mR/hr and 10 mR/hr.
respectively).
This survey shall be performed within 3 hours if the source changer
is received during normal working hours, or within 18 hours
if received after normal working hours.

4. Locate the source changer and projector in a restricted area.
Locate the devices so as to avoid sharp bends in the guide tube
or control housing.

5. Set the projector as for an exposure.
6. Remove the cover plates from the source changer by breaking the

seal wires and removing the bolts.
7. Connect one end of a guide tube extension to the projector and the

other end to the fitting of the empty chamber in the source
changer. Insure that the selector ring is in the unlock position.

8. At the projector controls, crank the source from the projector to
the source changer.

9. Approach the projector with the survey meter. Survey the projector
on all sides, survey the guide tube and survey the source changer
on all sides to ensure the source has been properly transferred.
The maximum radiation level at the source changer should be less
than 200 milliroentgens per hour at contact.

10. Rotate the selector ring to the LOCK position and depress the plunger
lock. Disconnect the guide tube from the source changer. Disconnect
the drive cable from the source assembly by moving the lock pin down
and sliding the drive cable connector out through the keyway.

i
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11. Couple the drive cable to the new source by depressing the lock pin,
sliding the drive cable connector into the keyway, and releasing the
lock pin. Test for proper engagement. Connect the guide tube to the
fitting chamber. Unlock the key operated plunger lock and rotate
the selector ring to the UNLOCK position.

12. At the projector controls, crank the source from the source changer
to its storage position in the projector.

13. Approach the projector with the survey meter. Survey the projector on
all sides, survey the guide tube, and survey the source changer on all
sides to ensure the source has been properly transferred.

14. Lock the projector.
15. Disconnect the source guide tube from the source changer,
16. Affix the identification plate of the new source to the projector

and attach the identification plate of the old source to the source
changer chamber in which the source has been inst ^11ed.

17. Again insure that the old source is secured in the source changer, the
selector ring is in the LOCK position and the key operated plunger
lock is engaged.

18. Bolt the source changer cover plates in place and seal wire.

[ 19. Survey all exterior surfaces of the source changer to ensure that the
A radiation level does not exceed 200 milliroentgens per hour at contact.

20. Measure the radiation level three feet from all exterior surfaces of the
source changer and ensure that the radiation level is less than 10
milliroentgens per hour. The maximum 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).

21. Complete the appropriate "RADI0 ACTIVE" shipping labels. For contents, list

| the radioisotope contained, Cobalt 60. Indicate the activity as the
number of Curies. Record the Transport Index determined above.

22. Apply the "RADI0 ACTIVE" shipping labels, properly completed, to two
opposite sides of the container.

23. Return the container to Technical Operations, Inc.
For completion of Shipping Manifest, see paragraph 27 of page 12.

O|

I

|
1

|

:
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STANDARD OPERATING PROCEDURE FOR |
THE SAFE OPERATION OF THE i

TECH /0PS MODEL T0-650 SOURCE CHANGER

The Tech /0ps Model T0-650 Source Changer / Shipping Container is designed for
transferring encapsulated radioistope sources into radiographic projectors,
such as the Automation Industries Model No. 520. The following steps shall be
followed:

1. All personnel involved with the operation must wear personal
monitoring devices, i.e. film badge and dosimeter.

2. Monitor all operations with a calibrated, operable survey meter.
3. Upon receipt of the source changer, survey the source changer to

ensure that the source is in the proper storage position. State
on the receiving record the maximum radiation intensity measured
at all external surfaces and at 3 feet from external surfaces
(maximum permissible is 200 mR/hr and 10 mR/hr, respectively).
This survey shall be performed within 3 hours if the source
changer is received during normal working hours, or within 18
hours if received after normal working hours.

4. Place the source changer and the projector in the radiographic
enclosure in the southeast corner of the Pipe Shop. Locate the
devices so as to avoid sharp bends in the guide tube or control
cable housing.

5. Set the projector as for an exposure.
6. Remove the cover from the source changer by breaking the seal

wire and removing the bolts.

7. Remove the source holddown cap by breaking the seal wire and
unbol ting.

8. Connect one end of a guide tube extension to the projector and
the other end to the fitting above the empty chamber in the
source changer.

9. Close and latch the source guides.
10. At the projector control, crank the source from the projector

to the source changer.

11. Approach the projector with the survey meter. Survey the projector on
all sides, survey the guide tube, and survey the source changer on
all sides to ensure the source has been properly transferred. The
maximum radiation level at the source changer should be less than
200 millWntgens per hour at contact.

O

.
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12. Open the source guides. Disconnect the drive cable from the source
assembly by moving the lock pin down and sliding the drive cable
connector out through the keyway.

13. Disconnect the guide tube from the source changer.
Connect the guide tube to the fitting above the chamber containing
the new source.

14. Couple the drive cable to the source by depressing the lock pin,
sliding the drive cable connector into the keyway, and releasing
the lock pin. Test for proper engagement.

15. Close and latch the source guides.

16. At'the projector control, crank the source from the source changer
to its storage position in the projector.

17. Approach.the projector with the survey meter. Survey the projector
on all sides, survey the guide tube, and survey the source changer
on all sides to ensure the source has been properly transferred.

18. Lock the projector.

19. Disconnect the source guide tube from the source changer.

20. Af fix the identification plate of the new source to the projector
and attach the identification plate of the old source to the source
holddown cap of the source changer.

21. Bolt the source holddown cap in place and seal wire.

22. Bolt the source changer cover in place and seal wire.

23. Survey all exterior surfaces of the source changer to ensure that
the radiation level does not exceed 200 mR/hr at contact.

24. Measure the radiation level three feet from all exterior surfaces of
the source changer and ensure that the radiation level is less than

j 10 mR/hr. The maximum radiation level measured three feet from any
,

exterior surface is the Transport Index (Example: with a maximum
radiation level of 2.2 mR/hr, the Transport Index is 2.2) .

25. Complete the appropriate "RADIOACTIVE" shipping labels
|

(two required) . For contents, list the radioisotope contained, i.e.
| IRIDIUM 192. Indicate the activity of the source as the number of Curies.
' Record the Transport Index as determined above.

C\
U
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26. Apply the "RADI0 ACTIVE" shipping labels, properly completed, to
two opposite sides of the container.

27. Properly complete the shipping papers and return the container
"shipping prepaid" to Technical Operations, Inc.

The shipping papers must include the following information:

a. Contents

b. Name of Radionuclide

c. Physical fonn.

d. Activity of the source

e. Category of label

f. Transport Index

g. USNRC Identification No.

h. Shippers Certification:

O"This is to certify that the above named material is properly classified, described,
packaged, marked and labeled and is in proper condition for transport according
to the applicable regulations cf the Department of Transportation."

O

./
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STANDARD OPERATING INSTRUCTIONS.

FOR

RADIATION ACCIDENTS

In case of any accident involving radiation the following steps will be
taken. (Any time an isotope can not be returned to the safe position
in the camera, it shall be treated as an accident).

1. Survey the Area and rope-of f the area at the point where radiation
is 2 MR/HR or less,

2. Get assistance to guard the area (any Penn Ship employees may be
used for guards).

3. If possible, shield isotope as much as practical without exceeding
150 mrem exposure as indicated by your dosimeter.

4. Notify the Radiation Safety Officer immediately: *

F. Noll - Radiation Safety officer

Home (302) 737-8334
Work Extension 3063

,

'

5. Do not attempt to recover any radioactive material without the
assistance of the Radiation Safety Officer present.

6. The Radiation Safety Officer shall report the incidents as listed
below to the following address:

U.S. Nuclear Regulatory Commission .

; IOffice of Inspection and Enforcement
631 Park Avenue
King of Prussia, Pa 19406
Tel: (215) 337-5000,

'

;
!

O
|

'
. . _ . . . . _ . , . _ _ . . . _ _ . _ , __ _ _ , _ _ _ _ _ . , _ _ , _._ _ _
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6.1 Immediate Notification

NRC shall be notified immediately by telephone and teletype of
any incident which may have caused or threatens to cause exposure
of the whole body of any individual to 25 Rems c, more of radiation;
exposure of the skin of the whole body of any indifidual of 150
Rems or more of radiation; or exposure of extremities (feet, ankles,
hands, or forearms) of any individual to 375 Rees or more of
radiation.

6.2 Twenty-four Hour Notification

NRC shall be notified within 24 hours by telephone and teletype
of any incident which may have caused or threatens to cause exposure ,

of the whole body of any individual to 5 Rens or more of radiation;
exposure of the skin of the whole body of any individual to 30 Rems
or more of radiation; or exposure of the extremities (feet, ankles,
hands or forearms) of any individual to 75 Rems or more of radiation.

6.3 Thirty Day Notification

NRC shall be notified within 30 days of any incident which may have
caused or threatens to cause exposure for any individual in excess
of the following:

1.25 Rems per calender quarter to the whole body
7.50 Rems per calender quarter to the skin of the whole body
18.75 Rems per calender quarter to extremeties, i.e. feet,

ankles, hands and forearms

Penn Ship may permit an individual in a restricted area to receive a
total occupational dose to the whole body greater than listed above,
provided the total occupational dose to the whole body does not
exceed 3 Rems per calender quarter, and the excessive dose added to the
accumulated occupational lifetime dose to the whole body does not

exceed 5 (N-18).

| 7. Radiographic operations shall be conducted in a manner such that no
individual in an unrestricted area will receive more than the following:

2 millirems in any one hour to the whole body
100 millirems per week to the whole body

|
500 millirens per year to the whole body

O

di
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-STANDARD OPERATING INSTRUCTION
<

FOR

RECOVERY -OF RADIOACTIVE SOURCES
'

.

1. Af ter receiving notification of an accident involving a radioactive
source, the Radiation Safety Officer will:

a. Obtain and record all of the facts concerning the accident and
will observe the area to insure that all warnings and safeguards

are properly positione.d and are adequate.

b. Calculate the radiation and time factors for personnel that
would be involved in making a recovery.

c. }bke a decision as to whether or not to attempt the recovery
or to call in outside help.

2. If recovery is to be attempted, the Radiation Safety Officer will:

a. Insure that all personnel involved in the recovery, have current
Film Badges, Dosimeter, and an adequate number of currently calibrated
Furvey Meters,

b. Use lead sheets, available in the permanent facility, to shield
the isotope as much as possible,

c. Use other shielding material as much as possible, to lower
radiation exposure to personnel involved in recovery.

t

d. Use poles and manipulators deviced for special needs.
Practice with these tools and rehearse the recovery operation

,

outside of the radiation area.

e. Estimate the time limit for each man and for each operation to

be performed.

f. Proceed with planned recovery.

3. Notify the Nuclear Regulatory Commission Regional Of fice of the
accident if radiation in exceso of the allowable limits of 10
CFR 20 has occurred.

O'
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.



Page 16 o f 20
r< 37-21067-01

PENNSYLVANIA SHIPShlNG COMPANY (.j.cenes No. _

tachment No. 4

CHESTER. I ENNSYLVANIA 19016
Rev. A - 8/31/84

STANDARD OPERATING PROCFDURE
FOR

PERSONNEL MONITORING

A. Personnel performing or assisting in any radiography are
wearing at all times:

(1) Pocket Dosimeter
(2) Current Film Badge

The pocket dosimeter and Film Badge are contained in a pouch
and worn on a belt.

B. Personnel engaged in Radiography will have in their possession
at all times while en the job an operable Survey Meter that
has a current Calibration Tag attached.

C. At the start of each shift all personnel will zero their Pocket
Dosimeter as follows:

(1) Insert Dosimeter into Calibration Unit

(2) Turn knob of calibration Unit until a zero is
obtained on the dosimeter.

(3) Dosimeters that cannot be set to zero shall be
turned into the X-Ray Office for disposition.

D. Dosimeters will be checked for readings at least every hour
while performing Radiography. A reading of 100 MR or higher
is cause for an investigation as to the reason.

E. In case of a Dosimeter reading off scale; the Padiation Safety
Officer shall be notified who will fully investigate the cause.

F. Radiographers and Assistant Radiographers will log the reading
of their Dosimeter on the Radiographers Report at the completion
of each job.

G. Each dosimeter shall be checked at least once every year. The
dosimeter is to be placed in a known radiation field. The
reading must be within plus or minus 30 percent of the calculated
value.

H. Survey Meters shall be used as outlined in Section I on "Safe
Handling of Radioactive Material."

I. Survey Meters are delice.te instruments and must be handled with
great care. In case of inclimate weather they should be wrapoed
in a piece of clear plastic as that will not hinder the operation
of the Unit and will keep them dry.

O

_
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STANDARD' OPERATING PROCEDURE

I' "

FOR
A

'

MAINTENANCE OF RECORDS ,

f

The following records shall be maintained in the X-Ray' Office by the *

Radiation Safety Officer:

I
(1) Records of Instrument Calibration.

(2) Records of Leak Test Results. ,

I

(3) Quarterly Inventory Reports.

(4) Equipment Utilization Record (on Radiographers Report)
,

I
(5) Radiation Surveys for every Radiographic set-up'

(on Radiographers Report) .

; (6) Daily Dosineter Reading Record Log. [

! !

| (7) Film Badge Reports.

(8) Receipts of Rad'ioactive Materials. ,

I I

L (9) Certificates for Source Disposal. f

| -

| !
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STANDARD OPERATING PROCEDURE
FOR

DAILY INSPECTION OF RADIOGRAPHIC EQUIPMENT

A. Daily Inspect Projectors for:

1. Any impairment of locking mechanism.
2. Any physical damage to the device which may impair its operation.
3. Any dirt or sludge build-up at the two female threads and within the

device.
4. Any damage to the source connector or cable.
5. Dust plugs in place.
6. Any abnormal radiation emanating from projector.

3. Daily Inspect Source Positioner and Indicators for:

1. Any physical damage to the handle and indicatorassembly which may impair its
operation.

2. Any physical damage to cable conduit which may prevent free movement of
cable.

3. Proper operation of crank and indicator mechanism.
4. Any physical damage to conn.ector or drive cable.
5. Any physical damage to male threads on conduit end fitting.
6. Any dirt of sludge build-up on the cable that may impair its operation.
7. Any wear of connector.
8. Any change in shape of connector.

C. Daily Inspect Source Tubes for:

1. Any physical damage that may prevent f ree movement of source through t'.:be.
2. Any physical damage to fitting or end cap.
3. Any dirt or sludge build-up that may affect f ree *Irvenunt of source through

tube.

D. Daily inspection must be perforned prior to use of the exposure device and
attachments on each day the device is used.

E. Record the condition of the equipment used on the Radiographer's Report in the
appropriate space. Any faulty equipment shall be tagged and reported to the
Radiation Safety Officer.

O

,
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STANDARD OPERATING PROCEDURE

FOR

QUARTERLY INSPECTION AND MAINTENANCE

OF RADIOGRAPHIC EQUIPMENT

Inspection of all radiographic equipment shall be performed under
the direct supervision of the Radiation Safety Officer or Manager of
Quality Assurance at intervals not to exceed 3 months as follows

.(see also Attachment No. 6):

1. Remove all radiographic cameras from the vault area and place in
the permanent radiographic facility.

2. Layout all control-devices.

3. Layout all source tubes.

4. Check for accountability of all of the above and notify the
Radiation Safety Of ficer if any handling equipment is missing.

5. Inspect cameras for the following:

a. Serial-Number of isotope, secure and in place.

b. Exterior for visible- damage.

, c. Plug for damage to threads and ease of operation.
~

d. Lock for ease of operation and lubricate as necessary.

6. Inspect crank assemblies as follows:
-

a. Check crank for ease of operation. If difficult to
operate, disassemble and lubricate. If lubrication does not
correct the problem, tag and remove from service and turn
into maintenance for repair or replacement.

b. Extend the control cables and examine it for kinks, rust,
and lubrication.

Pa

,
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7. Inspect all source tubes as follows:

a. Layout all source tubes and inspect,

b. Inspect entire length of tube for kink, dents, and frayed ends.

c. Extend a control cable and run through all source tubes to
check for any blockage.

d. Inspect threads for damage.

e. Tag and remove any defective source tube from service and
turn into maintenance for repair or rep'acement.

O
.

O

J
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TRAINING PROGRAM FOR TRAINING
INEXPERIENCEDPERSONNEL TO BECOME

ASSISTANT RADIOGRAPHERS

The training' of inexperiencedpersonnel to become Assistant
Radiogra7hers will primarily be done by the coach and pupil method
and on the j ob training. It will include two days of classroom
training conducted by the Radiation Safety Officer, see page 3
of attachment #5 for the course outline.

The trainee will be issued a copy of Penn Ship's Standard
Operating Instructions. Moreover, he will have access to the
Quality Assurance Library on the General Dynamics Programmed
Instruction Handbook on Radiographic Testing. After a minimum
work experience of three months as a trainee, he will be required
to take the Level I examination for Radiography and the Assistant

The minimum required passing grades are 60% gh 18.
Radiographers Safety Test, see pages 4 throu

and 75%, respectively.
,

Upon satisfactory completion of the "NDT Level I Radiographer's
ExaminatienE" and the "Assistant Radiographer's Safety Test", he
may be assigned duties as an Assistant Radiographer
(A.S.N.T. Level I).

O

.-
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TRAINING FOR ASSISTANT RADIOGRAPHERS

will be given sixteen (16)pany to work in the Radiography Department1. Personnel hired by the com
hours of instruction and orientation as

follows:

Day 1
7:00 - 10:00 Lecture on Radiation Hazards

a. Health hazards of Radiation
b. Responsibility to self and others
c. Radiation measuring equipment available

10:00 - 11:00 Demonstration of Equipment used.

a. Film badge
b. Dosimeters
c. Survey meters

11:00 - 1:30 Pennsylvania Shipbuilding Company-

Standard Operating Instructions issued and
explained.

1:30 - 3:30 Federal Regulation Requirements

Day 2

7:00 - 9:00 Familiarization with operation of the permanent
Radiographic facility.

9:00 -11:30 Familiarization with other Radiographic Operatio
within the Ship Yard.

12:00 - 2i30 Level I Examination for Radiography

2:30 - 3:30 Assistant Radiographer's Safety Test.

O

t
. . - _ _ _ _
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PART |

NAME: DATE:

GRADE:

1. In film radiography, penetrameters are usually placed:

a. between the Intenslfying screen and the film,

h on the source side of the test object.

c. on the film side of-the test object.

d. between the operator and the radiation source.

2. Cobalt 60 used in nondestructive testing emit:

a. alpha particles c. gamma rays

b. neutrons d. X-rays

3. Three liquids which are essential to process an exposed film properly are:

a. stop bath, acetic acid, and water,

b. developer, stop bath, and H 0 *22

y developer, fixer and water.

d. acetic acid, fixer, and stop bath.

4. The two most common caused for excessively high density radiographs are:

a. Insufficient washing and overdevelopment.

b. contaminated fixer and insufficient washing.

overexposure and contaminated fixer.c.

i overexposure and overdevelopment.

i 5 The time required for one half of the atoms in a particular sample of
l racloactive material to disintegrate is called:

a. the inverse square law. E a half life.

| b. a cur'e. d. the exposure time.

|

. . . . . .
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fNDT LEVEL l - RADIOGRAPHIC TESTING

PART _I_

6. The ability to detect a small discontinulty or flaw is called:

a. radiographic contrast c. radiographic density.

b. radiogrcphic sensitivity d. radiographic resolution.

7 Movement, gecimetry, and screen contact are three factors that af fect
radicgraphic:

a. contrast. c. reticulation,

b. unsharpnc53. d. density.

8. The most widely used uni t of measurement for measuring the rate at which
the cutput of a ga.w.a ray source decreases is the:

a, curie _c. half life

b. roentgeri d. MEV

9 Snali cocunts of cxposure to x-rays or gamma rays:

a9 will have a cumulative effect which must be considered
when monitoring for maximum permissible dose.

b. will te Ler.cficial since they build up an immunity to
railation poisoning.

c. will have no cffect on human beings,

d. will hav3 enly a short-tern effect en human tissues.

10. A dose of _ uvula Le dangerous, if not fatal, if applied to the
er. tire bo.ty in a short period of time.

a. 1.5 to 15 e _c. 200 to 800 r

b. 25 to 70 r d. all of the above doses would
nost likely be fatal.

11. Wren Jcing ga ra rcy radiography with high-interisity emitters, the sources
are 1:est handled:

a. directly by persenr.el equipocd with special protective clothing.

-

Ly re nte honJIing equipment which permits the operator toI

remain snveral yards Lway at all times,

c. directly by r:ersc,nel wi th spccial protective clothing
except when radiographs are being made.

d. by the sc se rathods used for low-intensi ty emitters.

__ _ _ _ _ _ _ _ - . _
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RADIOGRAPHIC TESTING'\j NOT tcVEL | -

PART I

12. When radiographing a part which contains a large cfack, the crack will
appear:on the screen as a:

a. dark, intermitte$torcontinuous'line.
>.

b. light irregular line.

c. either a dark or light line.

d. fogged area on the radiograph.

13. X-ray tube current is controlled by:

a. the current passing through the filament.

b. the distance from the cathode to the anode,

c. the type of material use.d in the target.

d. the voltage and waveform applied to the X-ray tube.

14. Radiographic sensitivity, in the context of defining the minimum flaw,
depends on:

a. graininess of the fil n.

h. the unsharpness of the flaw image in the film.

c. the contrast of the flaw image on the flic.

i all three of the above.'

15 As the kilovoltage applied to the X-ray tube 's raised:

a. X-rays of longer wavelengtn and more penetrating
power are produced.

A X-reys of shorter wavelength and more penetrating
power are produced.

X-rays of shorter wavelength and less p?netrating.

i power are produced.

X-rays of longer wavelength and less penetrating' c.
power are produced.

D
. >0

.

E
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NOT LEVEL i - RADIOGRAPHet TESTING

PART I

16. Primary radiation which strikes a film holder or cassette through a thin
portion of the specinen will cause scattering into the shadows of the
adjacent thicker portions producing a.1 ef fect called:

a. ra d i a t i or. i.naging. 1 undercut.

b. spotting. d. unsharp,ess.

17 Which of the following materials is suitable for use in vessels or pails
used to mix processing solutions?

a stainless stee} c. galvanized iron_.

b. aluminum d. tin.

18. As a check en the adequacy of the radiographic technique, it is customary
to place a standard test piece on th- source side of the specimen. This
standard test piece is called a:

a. reference p' ate c. penetrameter

b. lead screen d. illuninator

19 The duration of an exposure is usually controlled by:

a. controlling the milliamocrage.

A a tiner,

c. centroll?r.g the source-to-filn dirccnce.

d. a chcks coil i n the fi lamar.1 transforme r.

20. The three main steos in processing a radiograph aie:

a. developing, frilling, and fixation.

A developing, fixation, and washing.

c. exposure, develop g, and fixation.

d. developing, reticulating, and fixation.

O
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c.

21. Lead foll_ screens ara used :.1 radiography:
s

a. to improve the cuality of the redlograph by
preferentially. esducing the effect of scatter
radiation.

b. tc reduce the exposure tint.

c. both a and b are reasons for using lead foil screens,
_

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

22. To prevent back scatter fron reachir.g an X-ray film, it is custemary to:

backtneexposureholderwithathicksheetoklead,
_s.

'
b, place a mask between the specimen and the front surface

of the film.

back the exposure holder with a thick layer of cardboard.c.
/

d. place a filter near the X-ray tube.'

23 The nurpose of agitating an X-ray film durir.g development is to: -

a. protect the film fron excessive pressure,

b_._
renew the developer at the surface of the film. '

disperse unexpose.d silver grains on the film surface.c.4

d. prevent reticulation.'

24. Wheti manually processing films, the pe. pose fer sharply tapping hangers two-

or three times af ter the films have ceen lowered into the developer is to:

a. disperse unexposed silver grains on the film surface.

S. prevent frilling.

j: . dislodge any air bubbles cl inging te the emulsion.'

__
.

d. all of the above.

. .

!

e
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NDT LEVEL i - RADIOGRAPHIC TESTING

PART I

25. The activity of the developer solution is maintained stable by:

a. constant agitation.

b. maintaining procossing solutions within the
recommended temperature range.

c. avoiding centamir.ation from the wash bath.

i addition of replenishcr.

26. The purpose of fixation is:

a. to remove all the unde mloped silver salts
of the emulsion.

b. to fix the deve' ped silver as a permanent irage.

c. to harden the gelatin.

L all of the above.

27. For best rcsults when tranually processing film, solutions should be
maintained althin a temperature range of:

a. 65 F and 75 F c. 75 F and 85 F
o o o o

b. 65 c and 75 C d. 75 c and 85 c

23. water spots on films c:n te minimized by:

a. rapid drying of wet f i lia,

b. immrsing wat film for 1 or 2 minutes in <
-

wetting agent solution. .

c. by using a fresh fixer so'ution.

d. by cascading water during the rinse cyc h.

29 A photographic record produced by the assage of X- or gamma ra"s
through a spec! men onto - r i l e. Is called a:

a. fluoroscopic 1.m:4gr c. 'sotopic reproduction

b. radiograph d. none of the above

O

,
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NDT LEVEL I - RADIOGRAPHIC TESTING

PART I

30. In order to achieve uni formity of development over ti.. area of an X-ray
film during manual processing:

the film should be placed in a dryer af ter being developed.a.

b. The developer should be agitated by means of mechanical
stirrers or circulating purps.

E the film should be agitated while in the developer.

d. the film should be transferred directly from the
developer to the fixer.

31. When referring to a "1T, 2T, or 4T" hole in the ASME Boller Code, ASTM,
or armed forces penetrameter, the T refers to: ;

a. the part thickness c. the time of exposure

b. the penetrameter thickness d. the time for devel'oping

32. The density difference between two selected portions of a radiograph is
p%) known as:

a. unsharpness c. specific activity

A radiographic contrast d. subject density

33. The intensity of X-radiation is measured in:

a. roentgens & reentgens per unit of time,

b. ergs, d. H t,D units.

34. When producing radiographs, if the kilovoltage is increased:

a. the subject contrast decreases,

h the film contrast decreases.

c. the subject contrast increases.

d. the film contras reases.

*
t

.

|
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35 The accidentel movement of the specimen or film during exposure or the
use of a focus-film distance that is too small will:

a. produce a radiograph with poor contrast.

b. make it impossible to detect large discontinuities.

E result in unsharpness of the radiograph.

d. result in a fogged radiograph.

36. A properly exposed radiograph that is developed in a developer solution
at a temperature of 58 F. will be:

a. overdeveloped, c. fogged.

A underdeveloped. d. damaged by frilling.

37 A good radiograph is cbtained using a milliamperage of 15 ma and an exposure
time of 1/2 minute. What exposure time will be necessary to produce an
equivalent radiograph is ths milliamperage is changed to 5 ma and all other
conditions remain the same?

a. 4-1/2 minutes, c. 3 minutes,

h 1-1/2 minutes. d. 1/6 minute.

38. Lead screens in contact with the film during exposure:

& increase the photographic action on the film largely
by reason of the electron emisslor and partly by the
secondary X-rays generated in the lead,

b. absorb the. shorter wavelength scattered r adiation more
than the long wavelength primary radiation.

intensify the photographic effect of the scatter
I

c.
radiation more than that of the primary radiation,'

d. none of the above.
<

39 The sharpness of the outline in the image of the radiograph is a measure of:

a, subject contras t. c. radiographic contrast,

b. radiographic definition, d, film contrast.

)
' 40. An unshielded isotope source gives a dosage rate of 900 nr, per br. at 10 feet.

What would the unshielded dosage rate be at 30 feet?

a. 300 mr/hr. g 100 mr/hr.

b. 600 mr/hr. d. 2700 mr/hr.

'

t
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Name:
_

Grade: Date:

ANSWER QUESTIONS 'TRUE' OR ' FALSE'

l. It is not necessary to create rope barriers for a radiation
are when there are no personnel working in the surrounding
area. F

2. The sharpness of the outline in the image of the radiograph
is a measure of the subject contrast. F

3. Agitating film during manual processing achieves uniformity
of development over the area of an X-ray. T

4. A cobalt-60 capsule wi11 have a half 1Ife of 5.3 years. T

O 5. Upon completing an X-ray exposure and turning the equipment
off, personnel may enter the exposure area without fear of

; radiation exposure. T

6. White ' crescent-shcped' marks on an exposed radiograph are
most likely caused by crimping film before exposure. T

7 Water spots on films can be minimized by immersing wet film-

| for one (1) minute in a wetting agent solution. T
,

| 8. A curie is the equivalent of .001 millicuries. F
l

| 9 The technique variable that is most commonly used to adjust
subject contrast is source to film distance. F

10. Shim stock is used when the thickness of the parent material
exceeds one-hal f (}) inch. F

11. When making an exposure, the plane of maximum interest should
be parallel to the film as far as the shape of the specimen

k will allow. T.

r

'
- . . _ _ _ _ _ _
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PART 2

12. The penetrating ability of an X-ray beam is governed by
milliamperage. F

13. When speaking of intensity, the term 'R/h' refers to Roentgens
per hour. T

l '. . In order to decrease geometric unsharpness the film should be
as far as possible from the object being radiographed. F

_

15. The penetrameter is used to measure the size of discontinuitles
in a part. F

16. The most common material used to provide protection against
X-rays is lead. T-

17 The normal development time for manually processing radio-
graphs is 3 to 8 minutes !n processing solutions at 60 F. F

18. Lead screens in direct contact with X-ray film intensifies
the primary radiation more than the scatter radiation. I

19 A sh-et of lead with an opening cut in the shape of the part
to be radiographed may be used to decrease the effect of
scattered radiation which undercuts the speciment. Such a
device is called a mask. T

20. Two X-ray machines operating at the same nominal kilovoltage
and milliamperage settings may give not only different
intensities, but also different qualities of radiation. I

O

.
- - - -
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PRACTICAL RADIOGRAPHIC TEST

Name: Date:
_

Crade:
_

1. Loaded film cassette properly

i

2. Properly placed location markers.

3. Selected correct penetrameter(s)

,

4. Properly placed'penetrameter(s).

5. Affixed all required information
,

6. Selected correct shim (s)
,

7. Properly placed cassette
.,

i
'

i|
! 8. Aligned radiation source for proper beam direction

9. Selected and measured for proper FFD.

i. 10. Deteemined and selected proper source activity

!
,

11. Selected correct time for exposuret

.

I

12. Used proper film processing techniques :;

13. If needed, properly adjusted exposure time fer correct density

:
;

;-

i
'
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TYPICAL TEST

PRIOR TO ASSIGNMENT AS

ASSISTANT RADIOGRAPHER

ASSISTANT RADIOGRAPHERS SAFETY TEST

'1. Radiation can cause:

a. Death
b. Sterility
c. Deformities
d. All of the above

2. Doubling the distance from a radioactive source will reduce radiation:

a. 2 times
b. 1/2 times
c. 1/4 times
3L. 4 times

'

3. As an assistant radiographer you may:

a. Handle the source and perform direct radiographic inspection
JL. Handle the equipment under the supervision of a Radiographer
c. Perform icak checks
d. Perform radiography after you have been checked out

4. Your dosimeter will register

a. How much radiation you have received
b. The rate of radiation you are receiving

c. How much radiation is being emitted from the source
d. All of the above

5. If your film badge is lost you should:

a. Get a blood test immediately
b. Get a new one from someone
c. Borrow one that is not being used
d. Report it to your supervisor immediately

6. If after setting your dosimeter to zero you find it off scale two
hours later and cannot read it, you should:

a. Continue to work
b. Report it to your supervisor immediately

O c. Borrow one and continue to work *

d. Re-set it to zero and continue to work

.
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7. The only way to determine that an isotope is properly stored in
a camera is to survey the camera and source tube with a:
a. Film badge
b. Dosimeter
c. Survey meter
J. All of the above

8. A survey meter will tell you:

a. The radiation rate per hour
6. The radiation rate per minute
c. The dose of radiation received
d. All of the above.

9. Survey meters are calibrated every:

a. month

b. 2 months
c. 3 months
d. 4 months

InaccordancewithPennsylvaniaShipbuildingCompany'sStandardg10.
Operating Procedure you must rope-off the Radiographic area at:
a. The 2.5 milliroentgens per hour line
b. The 1 milliroentgens per hour line

~c.
A distance so that no one can receive radiation exposure
in excess of 2 mrem in any one hour.

d. The 5 milliroentgens per hour line.

11. In an unrestricted area (outside of the roped-of f area) radiation
must be at a level so no person can receive more than:
a. 2 millirem in any one hour
b. 100 millirem per week
c. 500 millirem per year,
d. None of the above.
e. All of the above.

12. To post the "Caution - High Radiation" warning signs, you must:
Use a survey meter to find the 100 MR/HR isodose linea.

b. Post them 10 feet from the source
c. Calculate the distance
J. Pcst them next to the source

G

.
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13. You are required to check your dosimeter every whileperforming radiography:

a. Hour '

b. 2 Hours
c. 4 Hours
d. 8 Hours

14. You must enter your dosimeter reading on the Radiographers Report:

At the completion of a joba.
b. At the end of the day

Either a. or b., whichever comes firstc.
d. None of the above

15. Radiographers are permitted Rem per year ~of radiation "

a. 5
b. 10

d. 20

16. When working with a Radiographor performing radiographic
inspection you must have with you your personal:

Survey meter and a film badgea.
b. Film badge and a dosimeter

i c. Survey meter and a dosimeter
d. Flash light and a dosimeter

17. A number of curies of a radioactive source is:

ne physical size of the isotopea.
b. The number of parts that make up an isotope

We weight of the isotopec.
d. The activity of the isotope

18 You may independently perform radiographic inspection as an
| Assistant Radiographer.:

As long as the Radiographers sets you up and checks on youa.
f rom time to time

b. Af ter the Radiation Safety Officer or Assistant Radiation
Safety Officer checks you out on the job
After you have taken the Radiation Safety testc.

d. None of the above

.

.

.

. -
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19. The Standard Operating Instruc t' ions :

a. Are to be used as a guide
b. Are for the information of higher authorities
y Must be adhered to at all times
d. None of the above

20. It is to your benefit to:

a. Keep track of your exposure record
b. Know the NRC limits of exposure
c. Avoid all unnecessary exposure
d. All of the above

9

O-

1
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TRAINING OF ASSISTANT RADIOGRAPHERS

TO BECOME RADIOGRAPHERS

.
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TRAINING PROGRAM FOR TRAINING ASSISTANT

RADIOGRAPHERS TO BECOME RADIOGRAPHERS

Assistant Radiographers will be given 40 hours of formal
classroom instruction in radiation safety, see pages 32 and 33
of attachment #5, and will be given the General Dynamics Programmed
Instruction Course to complete during his time spent as an
Assistant Radiographer which will be at least but not limited to 9
months duration.

Upon completion of at least 9 months on the job training
as an assistant radiographer, the candidate will be given the
radiographic test, pages 21 through 30 of attachment #5 requiring
a score of 80% and the practical radiographic test, page 31 of

~

attachment #5 requiring a score of 85% with the provision that
/ '1 questions 1 through 5 of the practical radiographic test will have
1, ,/ to be answered correctly. The radiation safety test, pages 34

through 50 of attachment #5 will require a score of 754 for a
passing grade.

After satisfactory performance of the above, the candidate may
be assigned duties as a radiographer.

,-

_ |
'

i
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PART I *

,

Name:
,

Grade: Date:

1. If it was necessary to radiograph a 7" thick steel product, which of
the following gamma-ray sources would most likely be used?

a. Cobalt-60 c. Iridium-192

b. Thullum-170 d. Cesium-137

2. A cobalt-60 gamma-ray source has an approximate practical thickness
limit of:

a. 2-1/2 inches of steel c. 7-1/2 Inches of steel
or its equivalent. or its equivalent.

b. 4 inches of steel or d. 11 Inches of steel or
its equivalent. Its equivalent.

3. The absorption of gamma-rays from a given source when passing through
Q matter depends on:

a, The atomic number, c. The Poisson's ratio
density, and thickness value of the matter.
of the matter,

,

b. The Young's modulus d. The specific activity
value of the matter, value of the source.

4. Cobalt-60 is reported to have a half life of 5.3 years. By how much
should exposure time be increased (over that used initially to produce i
excellent radiographs when the cobalt-60 source was new) when the source

,
- Is two years old?

a. No change in exposure c. Exposure time should be
i time is needed, about 37 per cent longer.

b. Exposure time should be d. Exposure time should be from
about 11 per cent longer. 62 to 100 per cent longer.

5. The focal spot in an X-ray tube:

a. is inclined at an angle c. Should be as large as
( of 300 from the normal possible to ensure a
| to the tube axis, narrow beam of primary radiation.

| [^) b. is maintained at a d. Should be as small as possible
i V high negative voltage without unduly shortening the
, during operations, li fe of the tube.
|
|

|
i

t
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6. The specific activity of an Isotopic source is usually measured in:

a. Mev (million-electron- c. R/hr (roentgens per hour)
volts)

b. Cl/gm (curies per d. c/ min (counts per minute)
gram)

7. The pricery form of energy conversion when electrons strike a target
in an X-ray tube results in the production of:

a. Primary X-rays, c. Short wavelength X-rays,

b. Secondary X-rays, d. Heat.

8. An X-ray film having wide latitude also has, by definition:

a. Poor defini tion, c. High speed,

b. Low contrast. d. None of the above.

9. The purpose for circulating oil in some types of X-ray tubes is:

a. To lubricate moving c. To decrease the need for
parts. high current.

b. To absorb secondary d. To dissipate heat.
radiation.

10. An X-ray tube with a small focal-spot is considered better than one
with a large focal-spot when it is desired to obtain:

a. Greater penetrating c. Less contrast.
power.

b. Better definition, d. Greater film density.

II. Thin sheets of lead foil in intimate contact with X-ray film during
exposure increase film density because:

a. They fluoresce and emit c. They prevent back-scattered
visible light which helps radiation from fogging the
expose the film. film.

b. They absorb the scattered d. They emit electrons when
radiation, exposed to X- and gamre-

radiation which help darken
the film.

12. X-ray tubes are often enclosed in a shockproof casing in order to:

a. Dissipate heat, c. Shield tha tabe from
ser3adary radiation,

b. Protect the operator
from high voltage shnch, d. Increase the efficiency of the

rectifier.

e
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13. In X-ray radiography, alternating current must be changed to pulsating
direct current in order to satisfy the need for unidirectional current.
This change may be accomplished by:

a. Transformers c. Anodes

b. Rectifiers d. Cathodes

14. When radiographing to the 2-2T quality level, an ASTM penetrameter for
2.5 Inch steel has a thickness of:

a. One-half inch c. 5 mils

b. 2.5 mils d. 50 mils

15. A good cobal't-60 shot is made on a 3" steel casting using an exposure
time of 10 minutes and a source-to-film distance of 36 Inches, if it is
necessary to change the source-to-film distance to 24", what exposure
time would produce a similar radiograph if all other conditions remain
the same?

a. l.6 min, c. 6.4 min.
'

b. 4.4 min. d. 8.8 min.
I 16. When sharp, black, bird-foot shaped marks which are known not to correspond
; with any discontinulties appear at random on radiographs, they are probably
! caused by:

a. Prolonged development c. Static charges caused by
in old developer, friction,

b. Exposure of the film by d. Inadequate rinsing after
natural cosmic ray showers fixing.
during storage.

17. The adjustment or tube current in conventional x-ray tube circuits is
made by:

a. Adjusting the filament c. Inserting resistance in

| heating current, the anode lead,

b. Adjusting the target- d. Opening the shutter on
to-cathode distance, the X-ray tube port.

18. An ASTM penetrameter for use when inspecting a one-half Inch thick steel
plate to the 2-2T quality level using a 15-inch source-to-film distance,

I would be made of:
I
' a. 5 mil thick aluminum, c. 10 mil thick steel.

.

b. 50 mil thick aluminum or d. 2 mit strip of any
' steel, metaille material.
|

|

,

I
r

i
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19. The kilovoltage applied to an X-ray tube affects:

a. The quality of c. Both a and b.
the beam.

b. The intensity of the d. Nelther a or b.
beam.

20. Besides serving as a filter, screens of high atomic number, such as lead
a.J lead antimony, also:

a. Decrease the source-to- c. Permit the use of higher
film distance needed for speed film.
a proper radiograph.

b. Provide some image d. Decrease the gralniness
intensifying actiori, in a radiograph.

*l,1,e range of thickness over which densities are obtained that are
satisfactory for interpretation is a measure of the-

a. SAject contrast of c. Latitude of a radiograph,
a radiograph.

b. Sensitivity of a d. Definition of a radiograph.
radiograph.

22. Almost all gamma radiography is performed with:

a. Natural isotopes. c. Radium,

b. Artificially produced d. Thulium-170
isotopes.

23. The amount of unsharpne*,s or blurring of a radiograph is:

a. Directly proportional c. Inversely proportional
*

to the object-to-film to the object-to-film
distance and inversely distance and directly
proportional to the proportional to the source-
size of the focal spot. to-object distance.

b. Directly proportional d. Inversely proportional to
to the size of the focal the size of the focal spot
spot and inversely and the object-to-film
proportional to the source- distance,
to-object distance.

24 Images of discontinultles close to the source 5ede of the specimen become
less clearly defined as:

a. Source-to-object b. The '.hickness of the specimen
distance increases, increases,

c. The size of the focal d. The thickness of the specimen
spot decreases. decreases, ;,

'

|
1

.

I
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( }' 25. X-ray films with large grain size

a. Will produce radiographs c. Have higher speeds than
with better definition those with a relatively small
than film with small grain size,
grain size.

b. Have slower speeds than d. Will take longer to expose
those with a relatively properly than film with
small grain size, relatively small grain size.

- 26. The specific activity of cobalt-60 depends on:
.

a. The time the material c. The quality of the
has been in the atomic non-activated material.
pile.

b. The atomic number of d. The Young's Modulus
the material . value of the material.

'T

27.' The most commonly used target mattrial in an X-ray tube is:

a. Copper c. Ca rb ide

b. Carbon d. Tungsten
:

g-~g 28. A device which is basically a combination of magnet and transformer
( ) designed to guide and accelerate electrons in a circular orbit to very

high energies is called a:

a. Electrostatic belt c. Be ta t ron ,
generator,

b. Linear accelerator, d. Toroidal electromagnetic-
type X-ray tube,,

29. A general rule governing the application of the geometric principles of
'

shadow formation states that: '

a. The X-rays should proceed c. The film should be as far
from as large a focal spot as possible from the object '

as other considerations being radiographer,
will allow,

b. The distance between the d. The central ray should be
radiation source and as nearly perpendicular to the ,

the material examined film as possible, to preserve
should be as small as spatial relationships.
p ract ica l .

30. The X-ray absorption of a specimen depends on:
.

r, . The thickness and c. Both a and b.
' [''T density of.the
\- / material,

b. The atomic number of d. Neither a or b.
the material.

.

.. . . _ _ _ _ . - _ _ . _ _ _. _-.
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31. The radiographic absorption of a material will tend to become less
,

dependent upon the composi tion of the materlal when: '

a. The kilovoltage is c. The kilovoltage 1s
increased. decreased.

b. The source-to-film d. A filter is used.
distance is decreased.

32. The formuia mllilamperes x time is-
2wistance

a. Used to calculate c. Used to determine
film gradient, radiographic contrast.

b. The reciprocity law, d. The exposure factor.

33. X-ray exposure holders and cassettes often incorporate a sheet of lead
foil in the back which is not in intimate contact with the film. The
purpose of this sheet of lead foil is:

a. To act as an c. Both a and b.
Intensifying screen.

b. To protect the film d. Neither a or b.
from back scatter.

.

34. The intervai between the time a film is placed in a fixer solution and
the time when the original diffuse, yellow milkiness disappears is
known as:

a. Clearing time, c. Hardening time,

b. fixing time. d. Oxidation time.

35. Improper geometric factors, poor contact between film and lead-screen
screens, and graininess of film are possible causes of:

a. High film density, c. Fogged film.

b .' Poor definition, d. Low film density.

36. A radiograph is taken at a voltage of 500 kv. IF the voltage is increased
with a resultant increase in the energy of radiation while all other
conditions remain the same:

a. The graininess of the c. The graininess of the film
film will increase will increase significantly
significantly if a if a Class I film is used,
high speed film is used,

b. The graininess of the d. There will be little change
film will decrease in the graininess of the
significantly if a film.
:ow-speed film is used.
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h 37. The quantity of radiation striking a unit area of film:O
Is the product of c. Is Jlrectly proportionala..
radiation intensity and to Intensity and Inversely
time. proportimal to time.

b. Is the Intensity per d. Varles exponentially with
unit of time. time and directly with

intensity.

38. Which of the following factors will not materially influence the image
density of a radiograph?

a. The type of film used. c. The total amount of radiation
emitted by the X-ray or gamma-
ray source,

b. The size of the film. d. The intensifying action of the
screen.

39. Because of geometrical factors such as source size, source-to-specimen
distance and specimen-to-film distance, there can be a lack of perfect
sharpness at the edges of Indications. The unsharpness caused by
geometrical factors may be referred to as the-

,

a. Astigmatic effect. c. Focus variation.

| b. Penumbral shadow. d .' None of the above.
|

40. The quantitative measure of film blackening is referred to as:

i a. Definition. c. Film contrast.
!

; b. Photographic density. d. Radiographic contrast.
|

\

I

r

O

,
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NDT LEVEL II - RADIOGRAPHIC EXAMINATION

PART 2

NAME: GRADE:

EXAMINER:DATE:
,

1. The inverse square law is used to calculates
a. Source to film distance c. Radiation intensities
b. Radiation exposure. d. Radiographic density

2. A source of Iridium 192, whose half-life is 75 days, provides an optimum
Fiveexposure of a given test object today in a period of 20 minutes.

months from now, what exposure time would be required for the same
radiographic density, under similar exposure conditions?
a. 10 minutes c. 1 hour 20 minutes
b. 20 minutes d. 6 hours

3. One method of reducing radiographic contrast is to:
increase the distance between the radiation source and the object.a.

b. decrease the distance between the object and the film.
decrease the wavelength of the radiation used.c.

d. increase development time within manufacturer's recommendations.

4. In comparison with lower-voltage radiographs, high-energy radiographs shows
a. greater contrast c. greater amounts of scatter-

b. greater latitude radiation relative to primary beam
intensity.

d. none of the above.

5. Filters placed between the X-ray. tube and specimen tend to reduce scatter
radiation undercutting the specimen: ,

by absorbing the longer wavelength components of the primary beam.a.
b. by absorbing the shorter waveleng th components of the primary beam,

by absorbing back-scatter radiationc.
d. by decreating the intensity of the beam

The isotopic sources of a given activity have two dif ferent specific ,

6. The source with the higher specific activity value will:
'

activity values.
be of smaller physical size than the source with a lower specificI a.
activity.have a shorter half-life than the source with a lower specific activity

.O- produce harder gamma rays than the source with a lower specific activit:
b.
c. be of larger physical size than the source with the lower

-

d.
specific activity.

I
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7. A radiograph made with an exposure of 12 mA per minute has

a density of 0.8 in the region of maximum interest. It is
desired to increase the density to 2.0 in this area.
By reference to a characteristic curve of the film, it is
found that the difference in log E between a density of 0.8
and 2.0 is 0.76. The antilogarithm of log 0.76 is 5.8.
What must the new exposure time be to produce a radiograph
with a density of 2.0?

a. 9.12 rmA per minute c. 69.6 mA per minute
b. 21.12 mA per minute d. 16.0 mA per minute

8. Excessive subject contrast caused when the thickness range in
the test specimen is too great for the radiation quality used
may be corrected by:

a. increasing the kilovoltage
b. using a filter at the X-ray tube and increasing the exposure

time.
c. both a. and b. are methods for correcting excessive

subject contrast.
d. decrease the exposure time.

9. Two factors which greatly affect the suitability of the target material
in an X-ray tube are:

a. tensile strength and yield strength.
b. melting point and magnetic strength
c. electrical resistance and tensile strength
d. atomic number and melting point.

10. The reason the expousre time must be increased by a factor of four
when the source-to-film distance is doubled is:

a. The intensity of radiation decreases at an exponential
rate when the source-to-film distance is increase.

b. The quality of radiation is inversely proportional to the
square root of the distance from the source to the film.

c. The intensity of radiation is inversely proportional to the
square of the distance from the source to the film.

d. The scattered radiation effect is greater as the source-
to-film distance increases.

11. Which of the following techniques variables is most commonly used
to adjust subject contrast:

a source-to-film distance c. kilovoltage
b. milliamperage d. focal point size

12. Attenuation of gamma rays in the energy range commonly used for
testing takes place through:

a. photoel'ectric absorption c. both a. and b.
b. compton absorption d. neither a. nor b.
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O'13.Whichofthefollowingisnotafactorindeterminingsubjectcontrast:

a. nature of the specimen.
b. the radiation quality used
c. the type of film used
d. intensity and distribution of the scattered radiation.

14. If an exposure time of 60 seconds and a source-to-film distance
of 4 feet is necessary for a particular exposure, what exposure
time would be needed for an equivalent exposure if the source-to-film
distance is changed to 5 feet?

a. 75 seconds c. 48 seconds
b. 94 seconds d. 38 seconds

15. Film selection for an X-ray exposure depends ont

e. thickness of the part
b the material of the specimen
c. the voltage range of the X-ray machine
d. all of the above.

| 16. Lead screens are put in direct contact with the film to:

a. increase the photographic action on the film
b. absorb the longer wavelength scattered radiation
c. intensify the photographic effect of the primary more than

f''g the scattered radiation.,

(,,/ d. all of the above.

17. With tespect to quality, what three factors must be considered in
selecting a source-to-film distance,

a. Source activity, type of film, type of screens
b. source . activity, size of film, thickness of material
c. source size, source activity, specimen-to-film distance
d. source size, specimen thickness, geometric unsharpness

18. The range of specimen thickness that can be adequately recorded
on the radiograph is refered to as the:

a. sensitivity of the radiograph
b. latitude of the radiograph
c. accuracy of the radiograph
d. intensity of the source

19. Three liquids which are essential to process an exposed film properly are:
a. stop both, acetic acid, and water
b. developer, stop both, and H 022
c. developer, fixer and water
d. acetic acid, fixer, and stop bath

i 20. For best results when manually processing film, solution should be
maintained within a temperature range of:'

0 0 0 0() a. 65 F and 75 F c. 75 F and 85 F
g g

b. 65 C and 75 C d. 75 C and 85 C
|

|

| ~
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PRACTICAL RADIOGRAPHIC TEST

Name: DATE:

Grade

1. Properly figured radiation area boundaries.

2. Properly posted "Radiation' Area and High
Radiation Caution" Signs around areas.

3. Had proper film badge in his possesion.

4. Had Dosimeter properly :erced and on his
person.>

5. Made- surve';'s of area and equipment as
required.

6. Identified subject piece correctly.

()' 7. Properly placed location markers

1- 8. . Selected correct penetrameter (s).

9. Properly placed penetrameter (s)
:

10. Affixed all required information'

4

11. Selected correct shim (s)

12. Properly placed cassette.

13. Aligned radiation source for proper'

beam direction.

14. Selected and measured for proper source
dist ance .

15. Calculated correct exposure time. -

1

16. Follow proper processing techniques.

O
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RADIATION SAFETY TRAINING OUTLINE

FOR ASSISTANT RADIOGRAPHERS TO BECOME RADIOGRAPHERS

To train employees to handle radioactive material in aObjective -

manner that will prevent excessive radiation exposure to
themselves and others.

Victorcen Survey Meter - Ionization Chamber TypeEauipment -

Eberline and Ludlum Survey Meter - Geiger Tube type
Victoreen Dosimeter.
Automation Indust. Cmnera Model 520
Tech / Ops Camera Model 714
Tech / ops Calibr. Camera Model 773
Film Badges
Source Tube
Crank Assembly
Shielding Material (lead & steel)

References - General Dynamics, Programmed Instruction Handbookp-_ .
( ) Picker Handbook, Safe Handling of Radioisotopes in

/ Industrial Radiography.

Subject Outline

Day 1 7:00 - 9:00 - Atoms

(a) Structure
(b) Atomic - Mass number
(c) Ionization

9:00 - 11:30 Radiation12:00 - 13:30 -
(a) Alpha - Beta - Gamma Radiation

| (b) Secondary or Scatter Radiation
(c) Energies of Radiation'

(d) Curie

| (e) Mr.lf Life

iz #113:30 - 14:00 - t

| 14:00 - 15:30 - :se Square Lawe

Day 2 7:00 - 10:00 - Inverse Square Law (cont' d)
,-,

('~ ) 10:00 - 11:30 - Student Participation in working the inverse Square,

'

law.
12:00 - 14:30 - Student Participation (cont' d)

14:30 - 15:30 - Theoretical Applicatica of Calibratins Survey Meters

.
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Subject Outline - (cont'd)

Day 3 7:00 - 8:30 - Quiz #2
8:30 -10:30 - Measurement of Radiation

(a) Survey Meter
(b) Dosimeter
(c) Film Badge
(d) Geiger Counter

10:30 -11:30 - Quiz #3
12:00 -13:30 - Review

13:30 -15:30 - Midterm Examination

Day 4 7:00 -11:30 - Practical Demonstration in Lab.

(a) Operating the Autom. Industr. Model 520
Proj ec tor

(b) Expose survey meter with Tech / Ops Projector
Model 773

(c) Demonstrate back scatter using lead numbers
on back side of film.

(d) Demonstrate shielding using Tech / ops Proj
Model 773.

(e) Care and maintenance of equipment.

12:00 -14:30 - Motivation

(a) Health Hazard of Radiation
(b) Radiation damage to human tissue
(c) Personnel responsibilities to self and others

14:30 -15:30 - Quiz #4
Day 5 7:00 -10:30 - Federal Standards of Radiation Protection

(a) 10 CFR 20

(b) 10 CFR 30

(c) 10 CFR 34

(d) 10 CFR 19

10:30 - 11:30 - Quiz #5
12:00 - 13:00 - Review

13:00 - 15:30 - Final Examination

9
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Quiz No.1 - Structure of Hatter; Radiation and Radioactivity

91. Describe the structure of an atom of 4BE .

2. How do isotopes of an element differ?

3. Describe Gama radiation.

4. Define the following:

Element:,

Electron:

Compton Effect:

Photoelectric Effect:
,

Hal fli fe:

Radicactivi ty:

Curie:

- _

_ _ - - _ - _ _ * - . - _m
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;

Quiz No. 2 - Control of Radiation Exposum
,

|
|

| 1. Explain how time, distance and shielding can be used to control
radiation exposure.

,

:
1

2. What is the radiation level at 1 foot from a 36 ci IRl92 source?
What is the intensity at six feet from the source?
What is the intensity at ten feet from the source?
How .long could a person remain ten feet from the source and

,

receive only 3 mrem?'

!

l

h
3. What is the radiation level at I foot from a 12 ci C060 source?

What is the intensity at 20 feet from the source?
What would the intensity at 20 feet be using 3" of lead shielding?
Using 5.4 inches of steel?

4. What is the radiation level at 1 foot from a 100 ct IR192 source?
What is the intensity at 40 feet?
What would the intensity at 50 feet be using 2 inches of steel
for shielding?

4

! llow long could a person remain there and receive only 2 mrem?

| @
:

1

0

S

I
_ _ _ _ _ . _ . _ _ _ _ - _ _ _ _ - _ . . _
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Quiz No. 2

5. A radiog apher has a survey instrument with three scales (0-10 mr/hr,
0- ar/hr, 0-1000 mr/hr). He latends to use a 50 mei source of
C0 to calibrate this instrwnent. At what distances should the meter
be placed and what would the radiation levels be at these distances?

6. A Ganina ray projector contains initially 80 ci of IRl92 What would
the activity be in 74 days? In 222 days?

[

7. An IR192 source is located behind 1 inch of steel at a distance of
30 feet from the radiographer. He ineasures the intensity as 120

| mr/hr. What is the activity of the source?

g

8. A 10 ci C060 source is stuck in an unshielded position. What is
the distance to the "High Radiation Area" and "Restricted Areas"
boundartes?

O
1
.

9

l
- -. ---- -_--- _
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Quiz No. 3 - Measurtment of Radiation

1. Describe how a dosimeter measures radiation exposures?

2. Describe how a film badge measures radiation exposures?

3. Describe how an ionization charber measures radiation intensity?

4. What are the major advantages and disadvantages of film badges and
pocket dosimeters as personnel monitoring devices?

'

;>

5. What are desirable characteristics of a good survey instruant?

.

6. How frequently must survey instruments be calibrated?
Describe in details how an instrument with three ranges (0-10mr/hr
0-100mr/hr, 0-1000mr/hr) would be calibrated using 50 rrel of CS137.,

.

G

.
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Quiz No. 3

7. What radkation surveys would be perforred before, during, and af ter ga radiographic exposure?

|

8. A dosimeter initially reads 5 mR. Af ter being exposed to an IR192
source at a distance of 5 feet for three minutes, the dosineter is
retrieved and it reads 123 mR. What is the activity of the source?

.

! *
,

I
t

.

|

I

I

) e
.

I
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PENNSYLVANIA SHIPSUlLDING COMPANY

MIDTERM EXAMitlATI0ld

DATE: ilAllE:

Please show all calculations in the spaces provided. If additional *

space is needed, use the back of the page or attach additional sheets.

1. What is the radioactive halflife of an isotope?

,

2. What is the unit of:

a. Activity of a source?

b. Intensity of a source?

c. Radiation exposure?

O~
3. How is radiation exposure measured?

!

! 4. How can radiation exposure be minimi. zed?

!
|

|
1 5. What is the principle of a pocket dosimeter?
|

|

| 6. How is radiation exposure measured on film badges?

7. When making an exposure, at what time tiill surveys be conducted?
How are these surveys conducted?

.

- - - . - - _ , - - - - , - . , __ _ _ _,
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projector holding h8. What are the radiation intensity limits of an IR192
a 100 cl max. source with the source in 'tored pcr.ition?

9. What are the pemissible intensities at:

a. The radiation area boundary?

b. The restricted area boundary?

10. What is the radiation intensity 1 foot from a 30 ci C060 source?
What is the intensity 15 feet from the source?
What would the intensity at 15 feet be using 3 inches of lead shielding?
Using 12 inches of concrete shielding?

b.

11. How long can a radiographer remain 20 feet from a 30 c1 C060 source
and receive only 11P mrem?

.

12. A radiographer has a survey instrument with two scales (0-100 mr/hr
and 0-1000 nr/hr). He intends to use 50 mei of CS137 to calibrate
this instrument. At what distances should the meter be placed, and
what would the radiation levels be at these distances?

13. A Ganw.a ray projector contains initially 60 ci of IRI92 What would
the activity be after 74 days? 148 days?

3 e
|

-

l
l

i
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;

15. What is the intensity 25 feet from a 100 ct IR192 source? What would
the intensity be with 4" of steel shielding?
How long could a person remain there and receive 100 mrem? .

,.

t

1

>o)
0

,

9

| !
,

O) ;

.

,

4
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PENNSYLVANIA SHIP 8UILDING COMPANY

DATE: _
NAME:

Quiz No. 4 - Effects of Radiation on the Human Body
.

1. How does radiation cause damage to living matter?

2. What is meant by the Sonatic Effects of Radiation?

.

3. What is meant by the Genetic Effects of Radiation?

|

4 What art so*e of the symptoms of acute whole body radiation exposure?

5. What are sc e of the syrnotots of acute extremity radiation exposure?

90
.

"
~ - - , , , , . , e m,

% , .. . . . .
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DATE: NAME:

Quiz No. 5 - N.R.C. Regulations of Radiation Exposure

1.- List the exposure limits for adults in a restricted area.

2. Henry Jones (age at his last birthday was 37) has a recorded lifetime
accumulted dose (records and assumed) of 82 Rems; can he receive more
than 1.25 Rems per quarter? If so, Why?

O
3. List the exposure limits for adults in an unrestricted area.

!
,

!

i

| 4. What constitutes a restricted area? A radiation area? A high
|

! radiation area?
|

i

i

t

|

5. When must radiographers use personnel monitoring devices?
j What type of devices must be used?

O -

|

\
| -

'
t
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PENNSYLVANIA SHIPBUILDING COMPANY

Quiz 5 (Cont'd)

6. k' hat must be included in utilization logs?

7. How often must leak tests be performed?
k'ha t is the acceptance criteria?
k' hat notification must be made if a test exceeds this limit?

.

- 8. How frequently must survey meters be calibrated?
Describe how to properly calibrate a survey meter?

9. How often must inspection and maintenance of radiographic devices
be performed? [

O-

,
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Picase show all calculations in the spaces provided. If additional
snace is needed, use the back of. the page or attach additional sheets,

l. What is the minimum required range of a pocket dosineter?

2. What are the actions to be taken when a dosimeter discharges beycnd
its range?

3. Dascribe the following effects of radiation on the human body:

a. Sorratic ef fects?

C'1 b. Genetic ef fects?
U

4 What are the maxir.um pemissible rcdiation exposures to radiographars?

5. What are the maximum radiation exposures to any individual in an
unrestricted area?

.

6. How of ten nust survey instruments be calibrated?

x_/

l



1

/' ,

(p),

Licente No. 37-21067-01 |fr '(/
Attachment No. 5
race 46 of 70 ;Final Examination

,

I

O7. What steps are to be taken when a malfunction occurs uith the exposure
w/ devices?

|

8. What is the radiation level 50 feet from a 100 ci IRl92 source? Unat
would the intensity at 50 feet be using 2" of steel for shielding?
How long could a person remain there and receive only 2 mrem?

9. A radiographer has a survey instrument witn three scales (0-10 mR/hr.
0-100 mR/hr, and 0-1000 mR/hr). He intends to use a 20 mci source
of C060 to calibrate this instrument. At what distances should the
meter be placed from the source and what would the radiation levels
be at these distances?

10. A Gama ray projector contains initially 100 ci of 12192 What would,,.

the activity be in 74 days? In 222 days?'

11. An IR192 source is located behind 1 irch of steel at a distance of
20 feet fron the radiographer. He neasures the intensity as 120
raR/h r. What is the activity of the source?

12. A 10 ci C060 source is stuck in an unshielded position. What is
the distance to the "lligh Radiation" boundary er.d "Restricted
Ama" boundary?

13. A dosimeter initially reads 5 mR. Af ter being exposed to an IRI32 e ,

source for 3 ninutes at a distance of 5 feet, the dosireter is

retrieved and i t reads 123 mR. Knat is the activity of the source?

e

,
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14. tihat is th'e radiation intensity at 5 feet fron a 20 ci C060 source?lihat is the intensity at 15 feet using 7.4 inches of steel for
shielding?
How long could a person remain there and mcoive only 2 mren?

15. 1lhat is the radiation level at I foot frun a 12 ci C000 source?
What is the intensity at 20 feet from the source?
Ilhat would the intensity at 20 feet be using 3 inches of lead
shielding?
Using 17 inches of concrete?

!

>

;
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Answers to Quis. No. 1 - Structure of Matter: Radiation and Radioactivity

An atom of Be' has 4 protons and an approx. atomic weight ot 9.1.

2. By the number of neutrons and hence, the atomic weight.

3. Camme radiation is electromagnetic radiation. It is caused by
disintegration of radioactive material.

4. Elenent: An element is a substance which cannot be chemically further
divided into simpler substances.

Electron: An electron is a negatively charged particle.

Compton Effect: An electron is stricken by a gamma ray, thereby
freeing it from the atom. Another gamma ray with
less energy emerges.

'

Photoelectric Effect: All the energy of a gansna ray is transmitted
to an electron, therby knocking the electron
out of its orbit.

Halflife Halflife is the time period during which the activity of
radioactive material, due to decay, reduces to half.

Radioactivity: The spontaneous decay of an unstable atomic nucleus,
usually accompanied by the emission of ionizing
radiation.

.

Curieisameasureoftheactivgtyofradioactivematerial.Curie
1One curie is equal to 3.7 X 10 disintegrations per second.

.

I

O -
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An.1wer to Quiz No. 2 - Control of Radiation Exposure

1. Decrease of time spend in a radiation area, as well as increase of
distance and/or shielding will reduce radiation exposure.

2. I = 36 X 5.9 - 212.4 R/hr I'1 3
l' I

I at 6 ft. = 212.4 5 = 5.9 R/hr j
2

6 l

I., at 10 ft. = 212.4 _1 = 2.12 R/hr |2

'
10

T= = 0.0014 hr. = 5.1 sec.

|

3. I = 12 X 14.5 = 174 R/hr.y

2
1

| 1 at 20 ft. - 174 g = 0.435 R/hr. = 435 mR/hr.2

With 3" Pb; I, = 435 X 0.017 = 7.4 mR/hr.

With 5.4 Fe: I, = 435 X 0.017 = 7.4 mR/hr.

4. I = 5.9 X 100 = 590 R/hr.
l

1
1 at 40 ft. = 590 g = 0.369 R/hr. = 369 mR/hr.2

.08
With 2" Fe, I, at 50 ft. - 590 50Z = 0.0189 R/hr. = 18.9 mR/hr.

,

'
1

| ,

T=[g,9 0.106 hr. = 6.36 min.=

| S. d 1*
2 1 = 0.05 x 14.5 - 0.725 R/hr.

1

I 2 S 20 S0 200 E00 mR/hr.
2

l d FI
|

2 19.04 9.52 6.02 3.01 1.90 0.95
i

s

G-

i
- _
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Answer to Quiz No. 2 - Control of Radiation Exposure (Page #2)

6. Activity after 74 days ( l Halflife ) = 2h = 40 ci

Activity after 222 days ( 3 halflifes ) = f = 10 ci

7. I, = 120 mR/hr. = 0.12 R/hr.

1 at 30 ft. = 0.12/0.3 = 0.4 R.hr.
2

I = 0.4 = 360 R/hr. Act. = 360/5.9 = 61 cig

8. I = 10 X 14. 5 = 14 5 R/hr.
g

,-

^f@~
'

[V
'

2 145-

d at 100 mR/hr = 1 = 3 8 Ft .
2 0.10

69 Ft.d at 2 eR/hr = 1 =

2 02

.

.)f*
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Answers to Quiz No. 3 - Measurement of Radiation i

1

1. The electrostatic charge moves the two fibers apart. When ionization
occurs, the dosimeter loses its charge and the fibers cove closer
together.

2. A film badge measures radiation exposu e by darkening of the film.

3. Ionization creates a small voltage between two electrodes in the
ionization chamber. The voltage is amplified and displayed on the
meter.

4. Film badge: Advantage: Permanent record. Disadvantage: Takes
time for processing.

Dosimeter: Advantage: Instant readout. Disadvantage: Inaccurate,

no permanent record, discharges when jarred.

5. Compactness, ruggedness, portability. Should have at least th'ree
93 scales: 0-10 mR/hr. 0-100 mR/hr and 0-1000 mR/ht ,
w ..
'

Survey meters must be calibrated at least once every 3 months.- 6.

I = 0.05 X 3..t4 = 0.17 2 R/hr = 17 2 mR/hr.
t

d =] d I
2 1 _A

1
2

I 2 8 20 80 200 800 mR/hr
2

d 9.27 4.64 2.93 1.47 0.93 0.46 Ft.
i 2

|
|

The readings must be within i 10% of the check points.

7. Before: Check that the source is properly stored.
During: Confirm the restricted area boundary.
After: Check that the source is properly stored.

,4

9-

.

I
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8. Exposure is 123 - 5 - 118 mR.

I at 5 F = 118 = 2360 mR/hr = 2.36 R/hr.
2

52
i I 59 R/hr.2.36 ==

g p
!
I

j Activity = 59/5.9 = 10 c1

.

1

I

|

! g-

!
I
i

i

: ] '.
*

.
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Answer to Mid term Examination

1. Halflife is the time period in which half the atoms of a particular
radioactive substance disintegrate into another nuclear form.

,

2. Curies j

R/hr or MR/hr

Rem or mrem

3. By its effect or ionization.

4. Reduction of time in the radiation area, increase of distance and/or
shielding.

5. The electrostatic charge moves the two fibers apart. When ionization
occurs, the electrometer loses its charge and the fibers move closer
together.

6. By film darkening. The film density is directly related to radiation
exposure.

7. Before an exposure, survey the camera to ascertain that the source is
properly stored. During an exposure, survey the boundary of the
restricted area. Af ter an exposure, with a survey meter approach the
camera from the rear. Check the sides of the camera and the length of
the guide tube to make certain that the source has been retracted
properly.

,.

8. Intensity at 6 in, from any surface of the projector must be less than
53 mR/hr.

9. 5 mR/hr.

2 mR/hr. ,

10. I = 30 X 14.5 = 435 R/hr.
.

I S 15 ft. = 435 1 = 1.933 R/hr = 1933 mR/hr.
2

152
#J

With 3" Pb; I = 1933 Z .017 = 32.87 mR/hr.
'

s

With 12" concr.; I, = 1933 X .075 = 145 mR/hr. ,

0-

| .,

1

|

|
,



__ ____ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

p Lic;n a N>. 37-21067 01

PENNSYLVANIA SHIPSUILDI COMPANY V Attcchment No. 5

P3ns 570f in

(~,
f )

~

v

Answer to Midterm Examination (Page #2)

11. I = 30 X 14.5 = 435 R/hr.g

2
I at 2C ft. = 4351 = 1.088 R/hr = 1088 mR/hr.

2 2
20

T = 118/1088 = 0.108 hr = 6.5 min.

12. I = 0.05 X3. 4 4 = 0.17 2 R/hr. =17 2 mR/hr d d=
y 2 y

2

i

2 20 80 200 800 mR/hr1

2 2.93 1,47 0.93 0.46 Fd
,

1
13. Activity after 74 days (1 halflife) = 60/2 = 30 ci

O

h. - Activity after 148 days (2 halflife) = 60/2 = 15 ci
2

14. I = 10 X 14.5 = 10.5 R/hr

269 ft.d * =

2 0.

15. I = 100 X 5.9 = 590 R/hr
1

2
I at 25 ft = 590 1 = 0.944 R/hr = 944 mR/hr.

2 2F

With 4" Fe; I, = 944 X .005 = 4.72 mR/hr.

T = 100/4.72 = 21.19 hrs,

tO '

t,v)
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Answer to Quiz No. 4 - Effects of Radiation on the Human Body
|

|

1. Radiation damages human cells through ionization.

It renders the cells unable to reproduce themselves.

2. Somatic effects due to harmful doses of radiation are experienced
by the individual who received the exposure.

3. Genetic ef fects due to harmful doses of radiation will be experienced
by future generations.

4. Nausea, vomiting, and diarrhea. In extren.e cases, possible daath.

S. Redness and radiation burns. Later blackening of the extremity, and
possible amputation.. . .

Q

@-
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Answer to Quiz No. 5.- N.R.C. Regulations of Radiation Exposure

>

1. 1.25 R per calendar quarter for whole body.

18.75 R per calendar quater to extremeties

5 (K-18)2. Accumulated dose allowed =

5 (37-18)=

95 Rems=

i

Henry Jones can receive up to 3 Remt per calender quarter, until
his life time exposure record equals 5 (N-18). At that time, his

exposure cannot exceed 1.25 Rems per calender quarter (N.R.C. part
20, paragraph 20.101).

ij;. 3. 2 mR/hr.
_

g!:.
'00 mR/ week.

500 mR/ year.

4. - In a restricted area, the radiation level is in excess of 2 mR/hr.

In a radiation area, the radiation level is in excess of 5 mR/hr.

In a high radiation area, the radiation level is in excess of 100 mR/hr.

5. Monitoring devices must be worn when making an exposure or entering
a radiation area.

.

6. The minimum information to be shown in the utilization log is as follows:

(a) Make and model number of storage container, (b) Name of radiographer
to whom the radiographic device is assigned, (c) The location and
(d) The date it had been used.

Q- ,b
F.? ..

.

%

I
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7. Leak tests must be performed not to exceed six months or when a
source had been changed. A source is acceptable, if less than

0.005 ttei is detected. If a test exceeds this limit the source
must be withdrawn from use immediately and notification be made

,

I

to the Radiation Control Division.

8. A survey meter must be calibrated at least once every 3 months.
Two points of each range are to be sele.cted whieb are 50% apart.
The readings must be within + 10% of the points selected.

9. Radiographic devices must be inspected daily for kinks or damage
of the control cable and guide tubes. Maintenance is to be done
on a quarterly basis.

O

O-

%
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Answers to Final Examination
.

1. 0 - 200 mR

2. The film badge must be processed immediately. The individual must
not be employed in radiography, until the radiation exposure report
is received. Remember, a dosimeter which went of f scale constitutes
an emergency situation.

3. a. Somatic effects - Somatic effects due to harmful doses of radiation
will be experienced by the individual who received the exposure.

b. Genetic effects - Genetic effects due to harmful doses of radiation
will be experienced by future generations.

4. 1.25 R/3 months for whole body.
18.75 R/3 months to extremeties.

5. 3 mR/hr.
100 mR/ week

.

500 mR/ year

h-
'

6. -At least once every 3 months, and after repairs.

7. Secure the ar2a, seal off the restricted area boundary. Cet additional
help, if needed. Contact the Radiation Safety Officer, at once.

8. I = 100 X 5.9 = 590 R/hry

2
I = 590 1 y .08 = 0.019 R/hr = 18.9 mR/hr

s
502

T = 2/18.9 = 0.106 hr = 6.35 min.

9. I = .02 X 14.50 = 0.29 R/hr = 290 mR/hr d d 1=

l 2 y

2

I 2 8 20 80 200 800 mR/hr
2

d 12.04 6.02 3.81 1.90 1.20 0.60 Ft.
2

O'

.

1
- - . - . - . - . - - . - - . . - . .- . -



- n License No. 37-21067-01
) C Attachment ?IO.~5

~

l

PENNSYLVANIA SHIPSUILDING COMPANY Page _6 2 of 70 |

# Answers to Final Examination Page 2

10. After 74 days, I j = 100/21 - 50 ci

After 222 days, 1 1 = 100/23 = 12.5 ci

11. 12 = 120/.3 = 400 mR/hr = 0.4 R/hr
202 = 160 R/hr Activity = 160/5.9 = 27.12 ciI l = 0.4
1 2

'

212. Distance to Restr. Area boundary 1 145

1 . m = 269.26 ft
=

'

Distance to High Radiat. Area boundary = 12 145 = 38.08 ft
.10

13. Exposure = 123 - 5 = 118 mR 12 = 118 - = 2360 mR/hr
3 = 2.36 R/hr

Ij = 2.36 52 = 59 R/hr

) '' e
Activity = 59/5.9 = 10 ci

14. I) = 30 x 14.5 = 435 R/hr

At 5 ft, I2 = 435 1 2 ,17,4 R/hr = 17,400 mR/hr
52

At 15 f t and 7.4" Fe, Is = 435 12 x .003 = 0.0058 R/hr - 5.8 mR/hr
152

T = 2/5.8 = 0.345 hr = 20.7 min.

15. I) = 12 x 14.5 = 174 R/hr

At 20 ft, I2 " 174 1 2 0,435 R/hr = 435 mR/hr
207

At 20 f t cnd 3" Pb, is = 435 x .017 = 7.4 mR/hr

At 20 ft and 17" concr., 13 = 435 x .018 = 7.8 mR/hr

3 e

-- - - - - - - - -
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TRAINING OF RADIOGRAPHERS WITH

PREVIOUS EXPERIENCE

Newly hired personnel will be on a thirty day probationary
period regardless of past experience. This thirty day period is
for the evaluation of the persons ability and qualifications as it
pertains to Radiography only. During this period, they will be
given an orientation of the facilities. Moreover, they will be
given a 40 hour Radiation Safety Course, pages 34 through 50
of attachment #5. Several quizzes and examination must be taken
with a required minimum average score of 75%.

Prior to being assigned radiograahers, newly hired personnel
with previous experience in radiograp1y will be given the

Os
Radiographic Examination, pages 21 thorugh 30 of attachment #5'

requiring a score of 80%. The practical examination, page 31
requires a score of 85% with the provision that questions 1 through
5 must be answered correctly.

In the event that they do not successfully pass the written
and practical tests, they will be given the entire training program
for Assistant Radiographers or released..

3

.

|

|
|

!

l

!
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|

|
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' ANNUAL TRAINING

At least eight (8) hours of classroom training will be

given all radiographers and radiographer's assistant on an annual
,

basis.

The annual training will generally consist of a review on

the following topics:

a. Atomic structure of matter.
.

b. The inverse square law. ,

c. Shielding. i

d. Review of Standard Operating Instructions. '

e. Calibration of Survey Meters.

f. Subjects as designated by the Radiation Safety Of ficer.
,

At the end of the annual periodic training course, an examination will be
given, see pages 66 through 70. A passing grade of 75% is required.

|

!

|

;

09 .

,
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RADIOGRAPHERS OUALIFICATION TEST #1

All answers must be completed.
All calculations must be included with answers
Time limit: 2 hours
Passing grade: 75%

1. Define the duties of a radiographer employed by Penn Ship Co.

2. What is a curie?

3. What is the dif ference between a Roentgen and A Rem?
41

4. What is tha principle diff erence between X-Rays and Gamma Rays?

5. X and Gamma Rays entering and passing through your body cause no
pain. How do they cause damage?

6. How can ionizing radiation be detected?

_

Describe a pocket dosimeter and it's principle of operation.7.

8. What is a survey meter ? How does it func tion ?

9. What is the maximum amount of X or Gamma radiation per hour
' any nonoccupational person cay receive?

10. In strict accordance with the N.R.C. rules, may a nonoccupational
, person remain at a radiation intensity of 30 mR/hr. for a period,of
( one minute, provided subsequent exposures.under the same conditions

are not repeated at a rate of more than one exposure within 15 minutes.

11. Is the condition described in question #10 legal in accordance with
Penn Ship's procedure for the safe handling of radiographic equipment ?

|
12. If you drop your dosimeter and it is discharged, can you continue to

| work with your film badge until you return to your office?
|

| 13. Who is responsible for the accurate reading of the dosimeters at
j the end of each shif t ?

14. John Doe who was 37 years old at his last birthday has a recorded
lifetime accumulated dose of 82 Rems. Can he receive more than 1.25
Rems per calender quarter ? If so, why?

.

- _ _ .
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15. Is the condition described in question #14 legal in accordance with Penn
Ship's pincedure for the safe handling of radiographic equignent?

16. khat is the N.R.C. definition of a "Restricted Radiation Area"?
A "High Radiation Area"?

17. How do the signs differ in wording for the two areas in question #16"

18. How often must a survey meter be calibrated?

19. Must a survey record of each exposure "Set up" be made?

20. Why is it necessary to survey the camera and the length of the source
ttbe, if used each tire a source has been returned?

21. You are using 325 m ci of Cobalt 60 (without shielding) . khat distance
fran the source will you place the ropes and signs to the "Restricted Area
Perimeter (C0 60 - 14.5 mR/hr at 1 Ft per m ci)

1

22. You are taking a panoramic exposure of a cylindrical vessel of 10 Ft. &
outside diameter. The radiation level on the cutside of the vessel is W
2 R/hr. At what distance will the radiation intensity be 2mR/hr?

|

23. If the above exposure is for 20 minutes, what would the distance be to the |

perimeter at the radiation intensity which would lin : an exposure to ad

ma>dnun of 2 mR/in any one hour?

24. Where do you place the "High Radiation" signs and how do you tralm this
determination?

25. khat procedure would you follow if for scoe reason you could not return
the isotope into the safe position of the carera?

O

.
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Acceptable Answers to the Radiographer's -Qualification Test

1. A radiographer is a trained individual who uses or supervises the use
of isotopes in complete compliance with all N.R.C. and State Regulations,
the conditions of the license and his compan'y's rules and regulations.
He is responsible to the licensee for complete compliance of the above
rules.

2. A curie is that amountofradioactivematerialwhichwg1 disintegrate
at the rate of 37 billions atoms per second (3.7 x 10 d.p.s.)

3. A Roentgen is a measure of X or Gamma radiation. A Rem is a measure of
exposure of body tissue to ionizing radiation ip terms of it's "Relative
Biological Effect" which is equivalent to a dose of one Roentgen of
X or Gamma radiation.

4. X and Gamna radiation is electro-magnetic radiation. The only difference
is the way they are produced. Gamma radiation is emitted when unstable
atoms disintegrate. X-rays are produced in an x-ray tube. Either will
produce ionization at the same rate.

1 C\
U 5. X and Gamma radiation passing through human tissue ionize the atoms that

compose cells. Some cells are destroyed, others undergo changes. Some
cells are readily replaced, those in the reproductive system will not,
thus have a cumulative effect.

6. Radiation can be detected and measured by a survey meter, dosimeter, or
film badges. The dosimeter and film badge are important and necessary
instruments to register accumulated dose for recording purposes. The

|
only safe and effective method of determining radiation and it's intensity,
at the moment of exposure is the use of a calibrated survey meter. A
calibrated survey meter must be used at each radiographic site.

! 7. A pocket dosimeter is a small electroscope that measures the absorbed
dose of X or Gamma Radiation. This type of electroscope is shaped like

| a pen, the case and fiber are insulated from each other. When charged,
i che fiber is repelled from the case and held in a fixed position by the
| electrical charge. X or Gamma radiation entering the ionization chamber
! within the case ionizes the air. The electrical charge of the fiber is

reduced in direct proportion to the radiation. This causes the fiber to

| move upscale, thus measuring radiation exposure,

|
! 8. A survey meter is a precision instrument that measures radiation
i intensity in units of mR/hr or R/hr. It consists of an ionization chamber
l and a-sociated electronic circuits. Radiation entering the chamber causes

an electric current to flow which is in direct proportion to the radiation.
This current is amplified and indicated on a meter.

,
.
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9. Nonoccupational persons shall not receive more than 2 mrem in any one
hour, or 100 mrem in an'y seven consecutive days, or 500 mrem per year.
These are maximum radiation exposure doses.

10. Yes, in accordance with N.R.C. regulations' "Standards for Protection
against Radiation", part 20, para. 20.105.

11. Yes |

12. No. An operative dosimeter and film badge must be worn by radio-
graphic personnel during radiographic operations.
If a dosimeter moves off scale for any reason at all, it is treated as
an emergency. The individual must not work in radiography, until his
film badge has been processed and the dosimetry report received, at
which time a disposition can be made.

13. All radiographers and assistant radiographers must read his dosimeter
every hour and record his total exposure at the end of the shift.

14. John Doe's permissible lifetime exposure equals 5(N-18) = 5(37-18) =
95 Rem. Since John's recorded exposure dose is less than 95 Rem, he couldj

receive up to 3 Rem per calender quarter, but not to exceed 5 Rem in
any consecutive 365 days.

15. Yes

16. A "Restricted Area" is defined as the area accessible to occupational
personnel, in which the radiation levels are in excess of 2 mR/hr.
Within a "High Radiation Area", the radiation levels are in excess of
100 mR/hr.

17. The "Restricted Area" is roped of f and posted with signs reading
"Caution - Radiation Area". The "High Radiation Area" is posted with
signs reading "Caution - High Radiation Area."
On both signs, the standard radiation symbol is in magneta or purple
on yellow background (N.R.C. Part 20, para. 20.203 (b) and (c))

18. A survey meter must be calibrated at least once every three (3) months
and after repairs. The actual readings must be within +/- 10% of the
calculated values. Record must be maintained in accordance with N.R.C.
Part 31, para. 31.104.

O
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19. Each radiographic "Set up" must be surveyed and recorded. After
the source has been returned to the camera, the camera must be
surveyed to assure that'the source is properly stored.
The permanent facility must be surveyed at;1 east once every shift
when radiography is performed.

,

20. The camera and the full length of the source tube must be surveyed
each time the source is retracted to assure that the source is properly
stored within the camera.

21, 325 mei of Co 60 unshielded should require a radius of approx. 49 feet
to reduce radiation intensity to less than 2 mR/hr.

22. The distance to the "Restricted Area" permieter (2 mR/hr) would be
158.1 Feet.

! 23. The distance would be 91.3 feet.

24. Calculate the distance to the "High Radiation Area" perimeter (100 mR/hr)
using the Inverse Square Law.

25. Survey the area, secure the area by ropes and "Radiation Area" signs
. at the 2 mR/hr perimeter. If needed, obtain additional personnel

to guard the area. Notify the Radiation Safety Officer.

o
.
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MNAGEMENT QUARTERLY INSPECTION PROCEDURE

A Management inspection of facilities and Operating Equipment will be conducted
at least every quarter and this form shall be completed and signed. This
inspection Procedure to be performed by the following Personnel. -

F. Noll - Radiation Safety Officer

A. Inspect Vault Area INSPECTING OFFICIAL
1

(1) Signs and Condition Date

(2) Fence

(3) Building REMRKS

(4) Locking Merchani sm

B. Inspect the permanent factIity

b)Q (1) Proper signs, posted lights and condition

(2) Shielded door lock for proper operation

(3) Observation mirror

(4) Equipment properly stowed

C. Inspe',t all operational eaulpment

(1) Lay-out all control cables - extended
cables and inspect for signs of wear,
breakage, lubrication and ease of
operation.

(2) Lay-out all source tubes and inspect for
obvious damage. Extend a control cable and
run through source tubes to check for any
blockage.

(3) Lay-out Canera s check operation of
locking mechanism.

(4) Examine all Cameras for any physical
damage.

3O

,
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D. Evaluate a Radiographic Operation and for INSPECTING OFFICIAL
compliance with NRC and Pennsylvania Shipbuilding
Standard Cperating Procedure. List name Date
of Radiographer and Assistant Radiographers
checked Date.

REMARKSE. Inspect calibration records for survey
reters.

F. Inspect daily exposure log for completeness.

G. Inspect records of survey for all exposure
set ups.

H. Check for proper posting of licenses and NRC
Form 3 at the following locations:

Main Office Boiler Shop
Safety Dept. Main Gate
North Yard Fab. Shop North Yard Gate
47 Fab. Shop Dispensary

I. Fill out Quarterly Inspection Report and
post on bulletin board in X-ray Office and
file superceded report in the Quality
Assurance Office.

O

%
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ORGANIZATIONAL STRUCTURE

FOR CONTROL OF RADIATION PROGRAMS

Mr. Ronald J. Stevens PRESIDENT

............_____

Mr. Rockwell Holman, VICE PRESIDENT . of Quality Inprovenent
......__________.

Mr. Michael Lubragge, Manager of Quality Assurance Department

Mr. Lubragge has been a member of management in
the Quality Assurance activity since 1970. He
is reporting N.D.T. activities to Mr. Holman,.

Mr. Franz H. Noll, P.E., Radiation Safety Officer.
Mr. Noll has held administrative position in
N.D.T. Departments since 1974 and as Radiation

. Safety Officer since 1976. Prior to his involvement
' with N.D.T., he has held positions as Design and

Project Engineer for approximately thirteen (13)
years. He attended the Dupont School of "Industrial
Radiogrcphy" and the Tech /0ps Course of "Radiation
Safety Aspects of Isotope Radiography".
As Radiation Safety Officer at Pennsylvania Shipbuilding
Company, he is directly responsible for all
management functions in the Radiography Department,
including training and certification of N.D.T.<

Technicians in accordance with Pennsylvania * Shipbuilding
Qxrpany's procedure No. Q.A.I.I. 70-7.

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

O
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LISTED BELOW ARE N.D.T. TECHNICIANS

EMPLOYED BY PENNSYLVANIA SHIPBUILDING COMPANY

Mr. Nicholas C. Verruno, Radiographer
Mr. Verruno is an experienced Radiographer
who is performing X-Ray Radiography since
1952 and Gama-Ray Radiography since 1955.
He attended the Radiation Safety Course
at Budd Company in 1961.

.....

Mr. Joseph L. Fasano, Radiographer

Mr. Fasano is an experienced Radiographer
who is performing X-and Gama Radiography

O since 1966. He attended a 52 hour Radiography
Course in 1969 sponsored by A.S.N.T. He worked
as an Assistant Radiographer for a period of
one year prior to being assigned a certified
radiographer.

.....

I

Mr. John M. Carrero, Radiographer

Mr. Carrero is an experienced Radiographer who
is performing X-and Gama Ray Radiography
since 1969.

.....

Mr. George A. Murphy, Radiographer

Mr. Murphy is an experienced Radiographer who
is performing Gama Radiography since 1974.

.....

O

,
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N.D.T. TECHNICIANS.

Contir.ued...... !

Mr. Robert E. Hazel, Radiographer

Mr. Hazel has been involved in radiography,
both X-Ray and Gamma Ray since 1964.

.....

t

Mr. Leon E. Hosier, Radiographer ,

Mr. Hosier started in our Radiography
t Department on 7. June 1982. He has been -

given a total of 96 hours of classroom.

training for Radiography' up to Level II
and Radiation Safety for Radiographers.
On June 6 and 7 1985 he successfully passed

.' the examinations for Radiation Safety
! and Radiography - Level II.

.....

$
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LEAK TEST PROCEDURE

Radioisotope cameras must be leak tested at intervals not to exceed
6 months, or whenever a source has been replaced.

The following person only shall perform leak tests:

Mr. Franz H. Noll - Radiation Safety Of ficer

Leak Test Kits shall be Tech / Ops Model 518.

SMEAR TEST

Automation Industries Model 520 and Tech / Ops Model 741 cameras:

a. Turn a calibrated survey meter to its lowest range and let it
warm up for several minutes.

b. Remove the snout end plug (source tube attachment) from the
camera.

c. Wet the swab with EDTA solution. Shake off excess solution from
the swab.

d. Insert the swab into the "S"-tube of the camera as far as
possible. Wipe the inside of the "S"-tube by rotating the
swab.

e. Af ter removing the swab, replace the snout end plug.

f. Approach the meter with the swab. If the reading on the meter
is in excess of 0.2 mR/hr. do not mail the test kit, but advise
Tech / Ops.

g. Place the swab into the plastic envelope provided. Place the
plastic envelope with the swab into the shipping box together
with the completed form.

h. Return the leak test kit to Tech / Ops for Radio-Essay.

,

,
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I37Technical Operations Model 773 Cs Calibration Camera:

a. Turn a calibrated survey meter to its lowest range and let it
warm up for several minutes.

b. Wet the swab with 8DTA solution. Shake off excess solution from
the swab.

c. Unlock the camera.

d. Lif t up the source rod all the way. Wipe the entire rod with
the wetted swab.

e. Drop the source rod of the camera and lock.

f. Approach the meter with the swab. If the reading on the meter
is in excess of 0.2 mR/hr. , do not mail the test kit, but advise
Tec h/Op s.

g. Place the swab into the plastic envelope provided. Place the
plastic envelope with the swab into the shipping box together
with the completed form.

h. Return the leak test kit to Tech / Ops for Radio-Essay.

Test Results shall be maintained in the X-Ray Office for inspection
by the Nuclear Regulatory Commission. The maximum removable
contamination shall not exceed 0.005 microcuries.

O

'
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QUARTERLY AUDITS OF RADIOGRAPHERS AND ASSIF. TANT RADIOGRAPHERS

At intervals not to exceed 3 months, each radiographer and
radiographer's assistant shall be audited by the Radiation Safety
Officer in the course of
radiography in order to assure proper performance of radiographic
operations. The audits shall include as a minimun:

a. Use of personnel monitoring devices; i.e., film badge and
dosimeter.

b. Use of calibrated and operable survey meters.
c. Exposure arrangement.
d. Ropes and placards at "Restricted Area" and "High Radiation

Area" perimeters.
| e. Proper survey of camera and source tube after each
' exposure.
l

Immediately following the audit, the findings of the audit
shall be discussed with the supervisor and radiographers involved.

[' In case of any default or deliberate and/or negligent deviation
f rom Penn Ship's Operating or Emergency Procedures, the supervisor
and acting radiographer involved shall, depending on the seriousness
of the infraction, receive a letter of reprimand, possible time off
without pay up to and including discharge.

The internal audits shall be documented and the records kept on
file in the X-Ray Office for a minimum of three years.

i
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MAXIMLM AUDWABIE RADI(MCTIVE SOURCE ACTIVITIES

'10 BE USED INSIDE RADIOGRAPli1C EXPOSURE IAB

2 (o '- 8 "x .

N X X A
4 3

=
0

.1 Xg Y
- 2 3 '- 8 " -- @o .- -

,

e +4'-01
N

Xo * X, i
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if XS
|a

f- 7 "-
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~

'Ihickness .of , wall = 24" concrete
,

Assum a specific gravity of
3concrete of 2.35 which equals = 147 lbs./ft i

Check the attenuation of Gamra Rays through tlw Iab mil using the
192T/0 Model 866, S/N 325, Ir source.

Activity on 6. November 1986 = 79.43 ci

'Ihe source is located at a distance 'of 4'-0" from the inside of
_

tle Lab m il.
.

Intensity I = 79.43 x 5.9
t

i = 468.66 R/hr

Calculated intensity at outside wall I = 468.66 x 9.6 x 10-5s
2

6

= 0.0125 R/hr*

= 12.5 m R/hr
,

4

*
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In order to verify the construction of the lab wall, actual
exposures wre nude with the same parmeters as used in' the
calculations above. The source was positioned at locations
X , X , etc, approximately 3'-2" off the ground. 11w. primary0 1
radiatim beam was directe'd perpendicular to tne concrete wall.
The intensities wre measured with a Survey Feter Indlum
Model 4, S/N 4124. The maxinun intens'_ty observed was

3.6 mR/hr.

Based cn above investigations, the following maxinun allowable
source activities were established. 4

'

~ Distance from inside Iridiut 192 Cobalt 60.

' . wall in ft W/O Collimation With Oallimation With collimation

j 4 12.7 ci 120 ci 12.7 ci,
,

q.

i 5, 17.3 ci 120 ci 17.3 ci

[ 6 22.6 ci 120 ci 22.5 ci
'

7 28.6 ci 120 ci 28.6 ci,

8, 35.3 ci 120 ci 35.4 ci
9 42.7 ci 120 ci 42.8 c1

10 50.8 ci 120 ci 50.9 ci
,

.

,

khen using a' collimator, the direction,of the primary radiation beam
must be either straight up or dom. -

LA graph "distance vs. maximun allowable activity" is plotted on'
page 4, .

.
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LIMI'IS OF RADI0 ACTIVE SOURG ACTIVITY IN IAB

192 = 5.9 R/hr/ft/ciEmissivity of Ir

Bnissivity of 00 = 14.5 R/hr/ft/ci
192Attenuation factor of Ir collimator =t 1 = 100
60Attenuation factor of CO collimator =t 2= 60

192
3=9.6x16-5Attenuation factor of 24" thick concrete for Ir "E

60
4 = 2.34 x 10-3Attenuaticn factor of 24':' thick concrete for CD =t

Maxinun radiation intensity of outside Lab = 0.002 R/hr

d is distance fmn the source to outstide lab Wal:

'bximun allmable activity for Ir 19^ w/o collinntion 002 2
0;g xd; =

192 2Maxinun allowable activity for Ir with collimation = 0.002 tl d
5.9 t

3

260 0.002 t xdMaxinun allowabic activity for (D with collimation 2=

14.5 t4
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1. 'Ihe calculations yield safe operations inside the
192radiographic exposure lab using Ir sources up to 120 ci

1

with co111mation.
192 602. For exposing Ir sources without collimation and CD

f sources with collimation see pages 2 and 4,
603. Exposing a CO radiography source inside the radiographic

exposure lab without collimation is not permitted.
,
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033/O
BETWEEN: William O. Miller, Chief

License Fee Management Branch 7
'

Office of Administration ,

'

John E. Glenn, Chief
Nuclear Materials Section B
Division of Engineering and

Technical Programs ,

-

LICENSE FEE TRANSMITTAL

REGION kA.
,

1. APPLICATION ATTACHED

Applicant / Licensee : l OMDLk LF03RLQ 1kJLtdQ .

Application Dated: ) 9I/
106864Control No.: -

License No.: 3)~M)O[v)~O/
'

2. FEE ATTACHED

7bbAmount:

> Check No.: O]Ddd1
3. COMMENTS

Signed bi T~
Date 3- 3 '[)

B. LICENSE FEE MANAGEMENT BRANCH

1. Fee Category and Amount: 3/> lO b
2. Correct Fee Paid. Application may be processed for:

Amendment

Renewal \
License

,

k l/ 1)
L l% N 4lSigned St.> .

Date kl

REGION I FORM 213 c

j (MARCH 1983)

. - - . _
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