.,..c’am M ' f VS NUCLEAR REGULATORY COMMISSION

WCrR 30 32 33 M APPROVED B8Y OME

v 42 APPLICATION FOR MATERIAL LICENSE etk SR

INSTRUCTIONS: SEE THE APPROPRIATE LICENSE APPLICATION CUIDE FOR DEYAILED INSTRUCTIONS FOR COMP

G

LETING APPLICATION SEND TWO COPIES
OF THE ENTIRE COMPLETED APPLICATION YO THE NAC OFFICE SPECIFIED BELOW

APPLICATIONS FOR DISTRIBUTION OF EXEMPT PAODUCTS FILE APPLICATIONS WITH IF YOU ARE LOCATED IN
5 NUCLEAR REGULATDRY COMMISSION ILLINDIS INGIANA IOWA MICHIGAN MINNESOTA MISSOUR! OMIO OR
OOVISION OF FUEL CYCLE AND MATERIAL SAFETY NMES WISCONSIN SEND APPLICATIONS T
WASHINGTON. DC 20888 v
US NUCLEAA REGULATOR OMMISSION RE G
ALL OTHER PERSONS FILE APPLICATIONS AS FOLLOWS 1f YOU ARE MATERIALE LiCnaes Sre T 'TBON, ReGiDn 1
LOCATED N 758 ROOSEVELY ROAD
LENELLY " 1
SonmECTICUT DELAWARL 3mmc‘v o SOLUMBIA MAINE MARTLAND il
'i NEW PEHIR J Y NEW YORK PENNSYLVANIA ARKANSAS COLORADO IDANO KANSAS LOUISIANA MONTANA NESRASKA
mwm. VEAMONT SEND APPLIC, TIONS 10 NEW MEXICO NORTH DAKOTA OKLANOMA SOUTH DAKOTA TEXAS UTAM
b ';‘i‘.‘{.‘.’t.‘.‘.i“i‘;f.’;‘y c“i; Y%:.o: e OR WYOMING SEND APPLICATIONS TO
NUCL L ¥ SEC US NUCLEAR REGULATORY COMMISSION REGION Iy
m'ru:':vtwt & MATERIAL RADIATION PROTECTION SECT % g
KING OF PRUSSIA. PA 19008 611 RYAN FLAZA DRIVE SUITE 1000
AR N LA, A IR TR S0 A ottt 24
VIRGINIA. VIRGIN (5L \NDS ALASKA ARIZONA CALIFORNIA MAWAI NEVADA OREGON WASHINGTON
WEET VIRGINIA SEND APPLICATIONS TO AND US TERRITORIES AND POSSESSIONS IN THE PACIFIC SEND APPLICATIONS
KM MO Alim gpon moo. "
L 4
U S NUCLEAR REGULATORY COMMISSION REGION v
A ERTE O2 SaaerT. Surts W NUCLEAR MATERIALS SAFETY SECTION
xn O8O MARA (ANE SUITE 210
WALNUT CREEX CA patoe

PEASONS LOCATED IN AGREEVMENT STATES SEND APPLICATIONS TOTHE US NUCLEAR REGULATORY COMMISSION ONLY 1F THEY WiSH TO POSSESS A ! TER
W STATES SUBJECT 10 U8 WUCLEAR REGULATOR Y COMMISS ION SURISOICT 0% TR ANNNL AN N0 LS i T

T OTHIS IS AN APFLICATION FOR /Crace appropr e tom 7 NAME AND WAILING ADDRESS ©F APPLICANT (incivoe & Code

PENNSYLVANTIA SHIPBUILDING COMPANY
FOOT OF MORTON AVENLE
e i (HESTER, PENNSYLVANIA 19013

A NEW LICENSE
X | 8 amenoment 7o License numses -37:21067:0;- g

C RENEWAL OF LICENSE NUMBER _

3 ADORESSIES WHERE LICENSED VATERIAL Wil BE USED OR POSEESSED

Within Plant at Foot of Morton Avenue
Chester, Pemsylvania 19013

4 NAME OF PERSON TO BE CONTACTED ABDUT Tris APFLICATION ]'E;!"‘ON( NUMEER

FRANZ H, NOLL, P.E. (215) 499-3063

SUBMIT 'TEMS § THAOUGH 11 ON 85 » PARER TrE TVPE AND SCOPE OF INFORMATON TO 8€ PROVIDEID S DESCRIBED iN THE LICENSE APPLICATION GUIDE

& AADWOACTIVE MATEAAL
0 Eement gng mgu fomer b cremca a0 ph

IO N & LM g Ly & PURPOSES! FOR WHICH LICENSED MATERIAL WiLL BE USED
WRACH vl b SOeNed 80 8ty One T

TONDIVIOUALS RESPONSIBLE FOR BaDIATION SAFET FROGAAM AND THEIR . n
TRANING AL'OJ," “‘:E : o RTE B TRAINING FOH INDIVIDUALS WORKING IN OR FREQUENTING RESTRICTED AREAS

- —
¥ FACILITIES AND eQuUIPMENT 10 RADIATION SAFET v PROGRAM

V9 OLICENSES Y008 Sen 1CCF R 170 ang Saction 120 11
WASTE MANAGEMENT AMOUNT

FEE CATEOLUMY 3 O ENCLOSED 8 70000

“

CERTIFICATION Must b competed by appixant THE APPLICANT INDERSTANDS THAY ALLSTATEMENTS AND REPRESENTATIONS MADE N YRS A
BNDING UFON THE APP Cant

THE APPLICANT AND ANY OFHCIAL ERECUT NG TouS CERTIRICATION ON BEMALS OF THE APPLICANT WAMED INITEM 7 CERTIFY TMAT Twi§ APPLICATION it
PREPARED IN CONFORMITY WiTh 1T E 0 COUE OF FE0ERAL REGULATIONS PAATE 39 37 33 34, 3% AND 40 AND THAT ALL INFORMATION CONTAINED “ERETN
IS TAUE AND CORRECY TO THE BEST OF TrE 4 K NOW EDGE AND BEL 65

WARNING 1O USC SECTION 1001 ACTY OF JUNE 2% 1988 67 STAT AR MAKES (T A CRIMINAL OFFENSE TO MAKE A WILLF
TOANY DEPARTMENT OR AGEND ' OF TwE U5 TED STATES ASTO ANY MATTER WiTHIN ITS JURSDISTION

ROCKWELL HOLMAN QUALITY IMPROVEMENT 02-25-87

CATION ARE

VALY FALSE STATEVENT OR AEPHESINTATION

18 O GNYARY RCONOMITT AT
AASNNALBALL L B NUMBER TUEMPLT VEES o to 0 WOULD O Bt WiLLING TO FURNISH COBT INFORMATION 708 i 670 0 17/ Aours
<%0 [ RLURE N TN emtirg N I 008Gy N1 OO esTD ON Tei 3L O8OM MBALY OF CURRENTY NRL BREGULAYIONS OF AN FUTURE
r— e m PROPOSED NAC REGULATIONS TrHAT WA A5FECT vOL INRC reguiahons poem
90w - 800k $) 8w 1. 5 12 DIOLNCT Con TNl COMIMIT O WAL D00 Y ~nlprmglior K ruhed ta
o #..——-.._..____. the agency 0 ronhdeace
TN -
L_ $S00K - 180K $IM 1om ' ~ Bt BEC
, —
$750% W X - §10M | N/A }rl ve lj .

FOR NRC USE ONLY
')7"0.‘“ BEF \ OG -t |FL§ CATELOW 'r:.u\.!_‘ ST

] » { ! 70825 I“”-‘l L 1
4 1! - , -~ ) ™ l 880‘29020‘ 8 F { /
( A 1C - '/
Atf:-),ﬁy;\:t(\-ll L : \P _{'r- AR L R§Eélbb7£‘ PDR “)d _..‘_‘11_“(‘[[‘

*100 020252 | o6 | e /{7




SUPPLEMENT TO NRC FORM 313

ITEM 5

Element and Mass No. Physical Form Maximm Amount
(@ Ir 192 Sealed Source 300 ci + 20%
(b) Co 60 Sealed Source 33eci +10%
(¢) Co 60 Source Rod 15 mei + 10%
(d) Ce 137 Source Rod 150 mei + 107%
IR 6

(a) Industrial Radiography
(b) Industrial Radiography
(¢) Calibration of Survey Meters
(d) Calibration of Survey Meters

ITEM 7

Franz H. Noll, P.E. Radiation Safety Officer

Attended 40 hrs., - Dupont Industrial Radiography Course and
40 hrs. Tech/Ops Radiation Safety Course.
Performed X- and Gamma Radiography since 1972.

ITEM 8

Radiographic Technicians receive a 40 hr. initial Training Course.
Periodic training of 8 hrs. duration will be given on an annual
basis,

ITEM 9

Whenever possible, radiographic operations are performed inside of
a permanently shielded exposure roam, see Attachment No. 1 of the
NRC License No. 37-21067-01. Whenever exposures are made outside
of the exposure room, the procedures outlined in Attachment No. &4
of the NRC License are strictly adhered to.




SUPPLEMENT TO NRC FORM 313

ITEM 10
See License No. 37-21067-01, Attachment No. 5, Pages 34 through

62 for initial training and Pages 66 through 70 for periodic
annual training.

ITEM 1]

Upon receipt of a new radiographic source, the depleted source
is retumed to the source manufacturer for disposal.
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ATTACHMENT
NUMBER DESCRIPTION

1 Description of Permanently Established
Radiography Facilities.

Location

Physical Description
Radiographic Work Area
Source Limitation
Surveys

Storage Vault

Survey Meters
Personnel Monitoring

Standard Operating Procedure for Safe
Handling of Radioactive Material

Operation of Radiographic Cameras
Using Radioisotopes
(1) Unrestricted Area Techniques

(2) Radiographic Enclosure Techniques

Special Instructions for Shipboard
Operations of Ships with Assigned
Crew Aboard.

Operation of the T/0 Model 773
Calibration Unit and Calibration
of Survey Meters

Standard Operating Procedure of the A.I.
Model 43858 Source Changer.,

Standard Operating Procedure of the T/0
Model T/0-771 Source Changer.
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DESCRIPTION OF PERYANENTLY ESTABLISHED
T RADIOGRAPHY FACILITIES

1. Location

The permanent Radiographic facility is located in the Southeast
cormer of the Pipe Shop (Department 34), Central Yard, Chester,
Pernsylvania. It is an oven type building with a roof height of
aporoximately three stories. Ticre is no second floor in the Main
Shop area where the Radiographic Facility is located. There are no
stairs or ladders to the direct line of radiation. The Shop Bridpe
Crane is remotely couitrolled by a crane operator on the ground.

No buil of any height which could receive direct Radiation
exist around the Radiographic Room.

2, Physical Description

The Radiographic Area lies within an area caprised 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 imner door is lead
shielded and seals the maze entrance during radiographic exposures.
It is equipped with a Tech/Ops Gammalarm which is interlocked with the
shielded access entrance door. The detection of 2mR/hr. or more of
X-or gama 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 camnot be released fram the outside while
radiation in excess of 2mR/hr. is present in the exposure roam.

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

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

A wide angle mirror is located in a marmmer that nemits the
Radiographer to observe the facility at all times from the
manipulating area. )
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3. Radiographic Work Area

The safe work area within this facility is defined
by a vellow line forming a rectangle 4' from the walls
and a meximum height of 5' from the floor. All radio-
graphic work is to be performed within this area.

4., Source Limitations

This facility is aesigned for use of:

a. 120 ci of Irlgz- Automation Industries Model 520
with a collimator having a min&mn attenuation
factor of 100, provided the 70" included angle of
primary beam is eitler straight uo or down,

The use of 11'192 sources without collimators reaquire
written nermission from the Radiation Safety Officer.

b, Using a 0% source - Tech/Ops Model 741 with a
collimator having a minimum attenuation factor of 60,
provided the primary beam is either straight up or down
requires written permission from the Radiation Safety
Officer. Exposing a Q0 60 Radiography Source inside
the radiographic exposure lab without collimation is
not permitted.

137

¢. 165 rci of Cs - Tech/Ops lModel 773 calibration Unit.

5. Surveys

Inital surveys were made and are on file using the worst
possible set-up(beam aimed directly at wall). All surveys
indicated safe operation of the facility at 2mR/hr. or lé@8 on
the outside surface of all walls

A recorded survey is required once on eight (8) hour
shift ot operation.

A survey of the source tube and camera to insure proper
positioning of the source in the camera is required 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 camprises a 4" reinforced
concrete slab with 16" high concrete pedestals for the Autamation
Industries Mpdel 520 Projectors for Ir 192 and the Tech/Ops Model
773 Cs 137 projector for calibration.
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A vertical 1 inch thick steel plate has been placed behind the door for
storage of a Tech/Ops Model 741 Projector containing 2 33 ci max.
Q0 60 source.

The storage vault is located at the east end of the Cleansr
Building and 5'-4'" away from that building. It is surround*~ o
three sides by a 6 foot high chain link fence extending £ . e
Cleaner Building and 5'-4" away from the storage vault. £ e
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 the North and
South sides of the chain link fence and to the gate at the east side,
"Caution - Radioactive Material - No Unauthorized Persommel'' 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 persomel.

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

g!KE MODEL NUMBER RANGF
Ludlum 4 0-1000 mR/hr.
Eberline E-130C 0-1000 mR/hr.

Calibration is performed every ninety (90) days and after
1Ly Maintenance is performed.

All calibration of Survey Meters is performed in the permanent
facilities by qualified Radiographers. Repair of Survey Meters 1is
performed by Penn Ship's Electronic Shop personnel

La ) =R N § Haio Q0L -+ S QUNUT L
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PERSONNEL MONITCORING

1. Film Badges are supplied bi-weekly for all Radiography
Personnel. Bi-weekly reports are received and kept on file
in the Radiographic 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 pregent time:

Mfr. Model No. Range

Victoreen 541A 0-200 mR

Stepheu None 0-200 R
o 3. Victoreen Dosimeter chargers, Model Number 2000A are

available to all personnel in the Film Processing

Room.
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STANDARD OPERATING PROCEDURE
FOR SAFE HANDLITGC OF RADIOACTIVE !

OPERATION OF RADIOGRAPHIC CAMERAS USING RADIOISOTOPES

The three types of cameras utilized by Penn Ship are:

A.

(D

Automation Industries Model 520 cameras with 10u ci + 20%
maximm of Ir 192 are used for Radiography. The operation
for these devices is covered in Paragraphs 1,2, and 3 below

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

Technical Operations, Inc. Model 773 Camera with 150 mei + 10%
maximum of CS 137 is used to calibrate the surwey meters. The
operating procedures for this camera are detailed under
"calibration of survey meters''.

Unrestricted Area Techniques

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

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

c. Transport the camera to the area where the Radiography is
to be performed by using only the autho.ized wehicle with
radiation 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 from 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 conspicwusly along this perimeter.
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(2) Radiographic Enclosure Technique

a.

h

On arrival, check the radiation level cutside of the vault. If
radiation exists in excess of 2m/hr., notify the Radiation Safety
Officer. Open vault and remove the camera to be used. Check the
radiation level at six inches from the camera and record on the
Radiographers Report in the appropriate space

NOTE: For limitations of radicactive sources to be
used in the radiographic enclosure, see page
2 of attachment No. 1.

Load camera in a ..n.rized radiation vehicle (ore that has the
proper radiation placards) and proceed to the Radiographic
enclosure located in the southeast cormer of the Pipe Shop.

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

Set up camera in pmper location and remove dust p.ugs, commect the
source tube and/or collimator to the camera as required, after
checking scurce tube and/or collimator for poesible damage.

Commect the control cable assembly to the camera.

After rechecking the area for unauthorized personnel, unlock the
camera.

All exposures are to be made with the collimated radiation beam

directed either straight up or down, and all exposure 'set-ups'
are to be made within the confines of the yellow line that is
located on the floor, four (4) feet from each wall.

Close shielded door and .nsure the lock is engaged.

|
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When the camera must be used over the side of a ship that is aflocat, a
stout line at least 30 foot long with a float attached mus . securely
attached to the camera in case it goes overboard. The line «ud float will
aid in recovering the isotope.

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

Calibration Of Survey Meters

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

Survey Vault area for radiation (if radiation intensity is in excess
of 2mR/hr, report to the Radiation Safety Officer). Remove Tech/Ops
Model 773 Calibration Unit and survey. Proceed to the radiographic
enclosure in the southeast corngr of the Pipe Shop.

Turn on the Survey Meter. Check the battery indication of the Survey
Meter which must be in the "OK" range. Let the Survey Meter warm up
for at least 5 minutes for stabilization of the electronic circuitry.
Turn the selector switch to the "x 100" range.

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

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

Place the 0,25 attenuator in the radiation beam. The actual radiation
intensity is now 200 mR/hr. Repeat step e.

If it was necessary to adjust the Meter in order to obtain a reading
of 200 mR/hr +/ ~10%, a reading at the 300 mR/hr intensity shall
again be taken.
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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.

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.

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 switch to the
"x1" range. Repeat step e.

In addition to the two 0.10 attenuators, place the 0,25 attenuator

o the radiation beam. The actual radiation intensity at the location
of the Survey Meter is now 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%Z, a reading at the 8 mR/hr intensity shall
again be taken.

Continue above steps, until all Survey Meters are calibrated. Lower
the source rod and lock the handle of the Calibration Unit. Survey
the Calibration Unit and return it to the vault,

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

Complete the calibration labels by adding the date of calibration,
next due date, and the technician's initial, Attach the calibration
labeis 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.
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STANDARD OPERATING PROCEDURE

FOR

THE SAFE OPERATION OF THE AUTQMATIC INDUSTRIES MOLEL 43868

SOURCE CHANGER

The Automation Industries 43868 source changer may be used as a temporary
storage container for radioactive sources, Technical Operations Model

#866 or equal only while performing maintenance or repair on camera

A. I. Model 520. It also can be used when it is necessary to transfer a
radiocactive source from one camera A.I. Model 520 to another. The following
steps will be followed when using the source changer.

Check transfer tube for damage and cleanliness (Note: tube is open at both
ends, check by looking though). Check crank assembly comnector and if okay,
remove dust plugs from camera and cormect 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 camera, the source tube and
the source changer to insure that the source is properly positioned in tre
source changer. Discornect tube at source changer. Disengage the source
pigtail from the crank assembly cable. Fully retract control cable. Dis-
connect the control cable and the transfer tube fraom the camera. Lock

camera and source changer.

To move the source back into the camera, survey the camera to insure that it
is empty. Survey the source changer to insure that the isotope is properly
positioned. Comnect the control cable and the source tube to the camera.
Crank out enough cable to cormect the crank assembly cable to the source
cable. Commect 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. Discomnect
control cable and store.
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STANDARD OPERATING PROCEDURE
FOR
THE SAFE OPERATION OF THE TECH/OPS MODEL T0-771
SOURCE CHANGER

The Tech/Ops 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:

10.

A1l personnel involved with the operation must wear monitoring
devices, i.e. film badge and dosimeter.

Monitor all operations with a calibrated, operable survey meter.

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.

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.

Set the projector as for an exposure.

Remove the cover plates from the source changer by breaking the
seal wires and removing the bolts.

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.

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

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.

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.
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12.

13.

15.
16.

17.

18.
19.

20.

21.

22.

23,
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Couple the drive cable to the new source by depressing the iock pin,

s1iding 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.

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

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.

Lock the projector.
Disconnect the source guide tube from the source changer,

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”1led.

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.

Bolt the source changer covei- plates in place and seal wire.

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

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 milliroentgen. per hour, the Transport
Index is 2.2).

Complete the appropriate "RADIOACTIVE" shipping labels. For contents, list
the radioisotope contained, Cobalt 60. Indicate the activity as the
number of Curies. Record the Transport Index determined above.

Apply the "RADIOACTIVE" shipping labels, properly completed, to two
opposite sides of the container.

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

License No. 37-21067-0]
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STANDARD OPERATING PROCEDURE FOR
THE SAFE OPERATION OF THE
TECH/OPS MODEL T0-650 SOURCE CHANGER

The Tech/Ops 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. A1l personnel involved with the operation must wear personal
monitoring devices, i.e. film badge and dosimeter.

Monitor all operations with a calibrated, operable survey meter.

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 sha'l be performed within 3 hours if the source

changer is received during normal working hours, or within 18

hours 1f 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.

Set the projector as for an exposure.

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
unbolting.

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 ard 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 millirn ntgens per hour at contact.
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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.

Disconnect the guide tube from the source changer.

Connect the guide tube to the fitting above the chamber containing
the new source.

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.

Close and latch the source guides.

At the projector contrsl, crank the source from the source changer
to its sturage position in the projector.

Approach the projector with the survev 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.

Lock the projector.

Disconnect the source guide tube from the source changer.

Affix 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.

Bolt the source holddown cap in place and seal wire.

Bolt the source changer cover in place and seal wire.

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

Measure the radiation level three feet from all exterior surfaces of

the source changer and ensure that the radiation level is less than
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, tue Transport Index is 2.2).

Complete the appropriate "RADIOACTIVE" shipping labels

(two required). For contents, list the radioisotope contained, i.e.

IRIDIUM 192. 1Indicate the activity of the source as the number of Curies.

Record the Transport Index as determined above.
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26. Apply the "RADIOACTIVE" 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
a.

b.

8.

h.

"This is to certify that the above named material is properly classified, described,

papers must include the following information:
Contents

Name of Radionuclide

Physical form

Activity of the source

Category of label

Transport Index

USNRC Identification No.

Shippers Certification:

packaged, marked and labeled and is in proper condition for transport according
to the applicable regulations cf the Department of Transportation."
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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-off 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. 1If 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 Safsty 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
Office of Inspection and Enforcement
631 Park Avenue

King of Prussia, Pa 19406

Tel: (215) 337-5000
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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 ¢. more of radiation;
exposure of the skin of the whole body of any indi sidual of 150
Rems or more of radiation; or exposure of extremities (feet, ankles,
hands, or forearms) of any individual to 375 Rems or more of
radiation.

6.2 Twent»-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 Rems 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 lNotification

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 boedy
500 millirems per vear tc the whole body
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STANDARD OPERATINuG INSTRUCTION

FOR

RECOVERY OF RADIOACTIVE SOURCES

1. After receiving notification of an accident involving a radiocactive
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 positioned and are adequate.

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

¢c. Make 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 reccvery, have current
Film Badges, Dosimeter, and an adequate number of currently calibrated
“urvey Meters.

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

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

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 Office of the

accident if radiation in excess of the allowable limits of 10
CFR 20 has occurred.
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STANDARD OPERATING PROCFDURE '
FOR
PFRSONNEL 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 cn 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) 1Insert Dosimeter into Calibration Unit

(2) Turn knobd 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 ecale; 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 vear. 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."

s Survey Meta2rs are delicate instruments and must be handled with
great care In case of inclimate weather they should be wrapved
in a piece of clear plastic as that will not hinder the operation
of the Unit and will keep them dry. .
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STANDARD OPERATING PROCEDURE

FOR

MAINTENANCE OF RECORUS

The following records shall be maintained in the X-Ray Office by the
Radiation Safety Officer:

(1) Records of Instrument Calibration.

(2) Records of Leak Test Results,

(3) Quarterly Inventory Reports.

(4) Equipment Utilization Record (on Radiographers Report)

(5) PRadiation Surveys for every Radiographic set-up
(on Radiographers Report).

(6) Daily Dosimeter Reading Record Log.
(7) Film Badge Reports.
(8) Receipts of Radioactive Materials.

(9) Certificates for Source Disposal.



PENNSYLVANIA SHI?BUIL‘G COMPANY .

A,

Page 18 of 20

License No. 137-21067-01

Attachment No. 4

rev., B-8/31/84

STANDARD OPERATING PROCEDURE
FOR
DAILY INSPECTION OF RADIOGRAPHIC EQU{PMENT

Daily Inspect Projectors for:

1.
2,
3.

“-
5.
6.

Any impairment of locking mechanism.

Any physical damage to the device which may impair its operation.
Any dirt or sludge build-up at the two female threads and within the
device.

Any damage to the source connector or cable.

Dust plugs in place.

Any abnormal radiation emanating from projector.

Daily Inspect Source Positioner and Indicators for:

le

e
-

(98
-

-3 D B~
.

v &

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

operation.

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

Proper operaiion of crank and indicator mechanism.

Any physical damage to conrector or drive cable.

Any physical damage to male threads on conduit end fitting.

Any dirt of sludge build-up on the cable that may impair {ts operation.
Any wear of connector.

Any change in shape of connector.

Daily Inspect Source Tubes for:
7 r

i I -
.

3

Any physical damage that may prevent free movement of source through tube.

Any phveical damage to fitting or end cap.

Any dirt or sludge build-up that may affect free Tovement of source through

tube,

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

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.
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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):

l. 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 Officer if any handling equipment is missing.

. 5. Inspect cameras for the following:
3. Serial Number of isotope, secure and in place.
b, Exterior for visible damage.
¢. 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.
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Inspect all source tubes as follows:

Layout all source tubes and inspect.
Inspect entire length of tube for kink, dents, and fraved ends.

Extend a control cable and run through all source tubes to

check for any blockage.

Inspect threads for damage.

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

\
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TRAINING PROGRAM

‘ TO TRAIN INEXPERIENCED PERSONNEL

TO BE ASSISTANT RADIOGRAPHERS
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TRAINING PROGRAM FOR TRAINING
INEXPERIENCEDPERSORNEL TO BECOME

The training of inexperiencedpersonnel to become Assistant
Radiographers will primarily be done by the coach and pupil method
and on the job 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
Radiographers Safety Test, see pages 4 through 18 .

The minimum required passing grades are 807% and 75%, respectively.

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

1. Personnel hired by the company to work in the Radiography Department
will be given sixteen (16) hours of instruction and orientation as
folliows:

Day 1
7:00 - 10:00 Lecture on Radiation Hazards
a. Health hazards of Radiation
b. Responsibility to self and others
¢. 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 Radiograpnic Operatio
within the Ship Yard.
12:00 - 2:30 Level I Examination for Radiography
2:30 - 3:30 Assistant Radiographer's Safety Test.
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NAME : DATE :
GRADE :
e in film radiography, penetrameters are usually placed:
a. between the intensifying screen and the film.
b. 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:
&, alpha particles €. gamma rays
. b. neutrons d. X=rays
34 Three liquids which are essential to process an exposed film properly are:
a. stop bath, acetic acid, and water.
b. developer, stop bath, and HZOZ'
c. developer, fixer and water.
d. acetic acid, fixer, and stop bath,
k. The two most common caused for excessively high density radiographs are:
a. insufficient washing and overdevelopment.
b. contaminated fixer and insufficient washing.
P overexposure and contaminated fixer,
d., overexposure and overdevelopment,
B The time required for one half of the atoms in a particular sample of

ravioactive material to disintegrate is called:

a, the inverse sguare law. a half life,

g
. b, a cur'e, d. the exposure time,
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NDT LEVEL | - RADIOGRAPHIC TESTING .
PART |

6. The ability to detect a2 smail discontinuvity or flaw is called:

a, radiographic contrast . radiographic density.
L, radiogranhic sansitivity d, radiographic resolution.

7 Moverert, geomstry, and zcreen contact are three factors that affect
radicgraphic:

a, contrast, e, reticulation.
b, unsharpness., d. density.

8. The most widely used unit of measurement for measuring the rate at which
the output of a ganma ray source decreases is the:

2, curie &, half life
&, roentgen d. MEV

9. Small amcunts of exposure tc X-rays or gamma rays:

a. will have a cunulative effect which must be considered .
witen monitoring for maximum permissible dose.

icial since thay build up an immunity to
isoning.,

b. will te benref
radiation poi

c. will have no effect on human beings.
i, iV havs oaly a short-term effect on human tissues.

10. A dose of wuula bte dangerous, if not fatal, if applied to the

. —— —

entire holy in 3 short period of time.

a, 1.5 to IS r €. 200 to 800 r

O

b 25 to 70 r d, all of the above doses would
most likely be fatal,
11, wnen Jcing gama ray radicgraphy with high=intensity emitters, the sources

Q. iirectly by perscnnel equipped with special protective clothing.

by Pe te houllivg equipment which permits the operator to

rersin several yards away at all times.
< lirecstly Ly perscanel with special protective clothing
excent when rediographs are being made.

d. by the same methods used for low=intensity emitters.
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PART |

12. Wwhen radiographing a part which contains a large ¢ ack, the crack will
appear on the screen as a:

a. dark, intermittent or continuous line,
b. light irregular lire.
- 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.
Cs the type of material used 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 film,

E. the unsharpness of the fiaw image in the film,
g the contrast of the fiaw image on the fii .
d. all three of the above.

15. As the kilyvoltage applied to the X-ray tube !s raised:

a. X~rays of longer wavelengtn ancd more penetrating
power are produced,

b. X=rrys of shorter wavelength and more penetrating
power are produced.

X~rays of shorter wavelength and less - netrating
power are produced,

x=rays of longer wavelength and less penetrating
power are produced.

-

N
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16, Primary radiation which strikes a film holder or cassette through a thin
portior of the specimen will cause scattering into the shadows of the
adjacent thicker portions producing as effect called:

a. radiation imaging. <. undercut.
b. spotting. d. unsharg1ess.

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

a, stainless steel g galvanized iron
b. ailuminum d. tin.

18 As @ check cn the adeg.acy of the radiographic technique, it is customary
to place a standard test piece on th- source sidz of the specimen. This
standard test piece is called a:

a, reference p'ate g penetrameter
b. lead screen d. illuminator

19. The duration of an exposure is usually controlled by:
a. controlling the milliampcrage,

a timer,

o)
~
—
-
-

controlling the source=to=film dirance.
d. a checke 2cil in the filame~. transformer.
20, The three main ste»s in processing @ radiograph a.e;
a. developing, frilling, and fixation,

b, developing, fixation, anc washing.
-3 exposure, deveiop'-g, and fixation,

d. developing, reticulating, and fixation,
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21 Leaz foll screens ars uszes 1. radiography:

a. to imarove the cuzlity of the reciograph by

i t
prefaerentialiy ra2lucirg the effect of scatter
radiation,

& beth 3 and b ars reasons for using lead foil screens.
a. neitner @ or b arz reasons for using lead foil screens,

22. To preven: hack scatter from reaching an X-r2y film, it is customary to:

3, back tne e.posure holder with a thick sheat of lesd,
B, nlace a mask tetween the specimen and the front surface

of the film.
G back the exposure holder with a thick layer of cardboard.
d. place a filter near the X-rzy tube,

23. The rurpose of agitating & X-ray film during development is to:

a. protect the film from excessive pressure
b, renew the daveloper 2t the surfaze of the film.
c. disperse unexposed silver grains on the film surface,

d. srevent reticulztion.

24, when manually processing

filws, the purpose for sharply *apping hangers iwo
or three times after the films ha

/e ceen lowered into the developer is tu:

a. disperse unexposed silver grains on the film surface,
. prevent frilling.
¢ dislodge any air bubbles c'inging tc the emulsior,

d. all of he above.
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The activity of the developer solution is maintained stable by:
a. constant agitation.

b. maintaining procsssing solutions within the
recommended temperature range.

O

avoiding ccntanination from the wash bath.

d. addition of replenisher.

The purpose cf fixaticon is:

a. to remove al! the unde-:loped silver saits
of the emulsion.

b to fix the ceve'-ped silver

0
w
W
o
m

-
i

v

nent image.
€ to harden the gelatin,

d, all of the above.

For best results when manually processing film, solutions should be
maintained wichin a temperature rance of:

o o

a. 65°F and 75°F c. 75 F and 85°F
O ¢ 0

b, €5°C and 75°¢ d. 75°C and 85 ¢

Water spots on films c3n te minimized by
a. rapid drying of wet fil

b. immersing wes fiim for | or & minutes in ¢
wetting acent solution,

&, by using a 1resh fixer so'ution,
d. hy cuscading water during the rinse cycle,

A photoaraphic record produced by the r.ssage uf X~ or gamma ra'e

through a spec:men ontz = rilm is called a:
2. fluoroscopic ima.» £ 'sotopic reproduction
b. radiograph s none of the above
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35. The accident2) 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.
G 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. &« fogged.
b. 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 thes milliamperage is changed to 5 ma and all other .
conditions remain the same?

a. k=1/2 minutes. g 3 minutes.
b, 1=1/2 minutes. d. 1/€ minute.
38, Lead screens in contact with the film during exposure:
a. increase the photographic action on the {ilm largely

by reason of the electron emissior and partly by the
secondary X=rays generated in the lead,

b. absorb the sliorter wavelength scattered radiation more
than the long wavelength primary radiation.
c. intensify the photographic effact of the scatter
radiation more than that of the primary radiatinon,
d. nonz of the above,
38. The sharpness of the outline in the image of the radiograph is a measure of :
a. subject contrast. < radiographic contrast.
b, radiographic definition, d, film contrast.

Lo, An unshielded isotope source gives a dosage rate oi 300 mr. per hr. at 10 feet.
what would the unshielded dosage rate be at 30 feet? ’

a, 300 mr/hr. 100 mr/hr,

C.

b. 600 mr/hr. d. 2700 mr/hr.
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ANSWER QUESTIONS 'TRUE' OR_'FALSE'

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

The sharpness of the outline in the image of the radiograph
is a measure of the subject contrast,

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

A cobalt=60 capsule will have & half life of 5,3 years.

Upon completing an X-ray exposure and *urning the equipment
off, personnel may enter the exposure area without fear of
radiation exposure,

whit= 'crescent-sheped' marks on an exposed radiograph are
most likely caused by crimping film before exposure,

water spots on films can be minimized by immersing wet film
for one (1) minute in a wetting agent solution,

A curie is the equivalent of ,00! millicuries.

The technique variable that is most commonly used to adjust
subject contrast is source to film distance,

Shim stock is used when the thickness of the parent material
exceeds one=half (%) inch,

when making an exposure, the plane of maximum interest should

be parallel to the film as far as the shape of the specimen
will allow,
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13.

15.

19.

20,

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

When speaking of intensity, the term 'R/h' refers to Roentgens

per hour.

In order to decrease geometric unsharpness the film should be
es far as possible from the object being radiographed,

The penetrameter is used to measure the size of discontinuities

in a part,

The most common material used to provide protection against
X=rays is lead.

The normal development time for manually processing radio=
graphs is 3 to 8 minutes !n processing solutions at 60°F,

Lead screens in direct contact with x-ray film intensifies
the primary radiation more than the scatter radiation,

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,
device is called a mask,

Two X=ray machines operating at the same nominal kilovoltage
and milliamperage settings may give not only different
int«wsities, but also different qualities of radiation.
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PRACTICAL RADIOGRAPHIC TEST

Name:_ Date:

Crade:

1. loaded film cassette properly

2. Properly placed location markers.

3. Selected correct penetrameter(s)

70

4. Properly placed penetrameter(s)

5. Affixed all required information

6. Selected correct shim(s)

7. Properly placed cassette

8. Aligned radiation souice for proper beam direction

9. Selected and measured for proper FFD,

10, Determined and selected proper source activity

1l1. Selected correct time for exposure

12, Used proper film processing techniques

13. 1If needed, properly adjusted exposure time fer correct densitvy
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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 ¢ radiocactive source will reduce radiation:

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

4. 4 times

. 3. As en assistant radiographer you may:
a. Handle the source and perform direct radiographic inspection
b. Handle the equipment under the supervision of a Radiographer
¢. Perform leak 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

¢, How much radiation is being emitted from the source
d All of the above

5. 1f your film badge is lost you should:

a, Get a blood test immediately
b. Get a new one from someone

¢. Borrow one that is not being used
_d. Report it to your supervisor immediately

6, I1f after setting your dosimeter to zero you find it off scale two
hours later and cannot read {t, you should:

Continue to work

Report it to vour supervisor immediately
Borrow one and continue to work

Re-set it to zero and continue to work

Q-()IU'D
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10.

11,

14

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

d. All of the above

A survey meter will tell you:

a. The radiation rate per hour

B. The radiation rate per minute
¢. The dose of radiation received
d. All of the above.

Survey meters are calibrated every:
a. month

b. 2 months

¢. 3 months

d. 4 months

In accordance with Pennsylvania Shipbuilding Company's Standard
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

¢. A distance so that no one can receive radiation exposure
in excess of 2 mRem in any one hour,

d. The 5 millircentgens per hour line.

In an unrestricted area (outside of the roped-off area) radiation
nust be at a level so no person can receive more than:

5

a, 2 millirem in any one hour
b, 100 millirem per week

¢c. S5S00 millirem per year.

d. None of the above.

e. All of the above.

To post the "Caution - High Radiation'" warning signs, you must:

a. Use a survey meter to find the 100 MR/HR isodose line
b. Post them 10 feet from the source
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