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1.O INTRODUCTION
,

This submission assesses the Titan with. respect to the
performance requirements for gamma radiography exposure -

devices. It is divided into four parts. Part 1 assesses the
unit with respect to 10 CFR Part 34 [1], Part 2 with regard to
ANSI N432-1980 [2] and Part 3 assesses the unit with respect
to 10 CFR Part 71.[3] Part 4 provides a complete list of
references used in the first three parts, and also includes q

copies of selected references.

With the exception of the common references, each part of this
submission includes all materials necessary for regulatory
review. Copies of documents such as IS/OM 0090 N990, " Titan
Gamma Ray. Projector User's Manual" are found in each.part to
facilitate review.

'

For the first two parts, compliance is demonstrated by a
paragraph by paragraph comparison with the regulations.

'

Section headings and numbers correspond with the headings.and ;

numbers- of' the applicable standards. For Part 3,_ the
assessment is done according to the format guidelines of-

,

reference (4).

O '

:

!

,

,

,

'

!

,

'O
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34.20 Performance Recuirements for Radicaranhv Eauipment ,

'

34.20(a) Compliance with ANSI N432-1980 is considered
in'part 2 of this submission. ;

3 4. 20 (b) (1) The identification label shown in engineering-
drawing A17720 accompanies each C-990 source

'

assembly. This label includes - the chemical
symbol and mass number of the radionuclide ;

(Ir-192), the activity and date on which it
.

was measured, the model number (C-990) and |
serial number of the sealed source,'and the ;

-

manufacturer's identity. -

'

The Titan User's Manual (IS/OM 0090 N990,
Appendix 3) requires the user to attach this
label to the front plate of the Titan after #

the source has been loaded. It is also the
user's responsibility to add his name, a'ddress
and telephone number to.the unit. There'is
ample free space on the Titan to enable the
user to meet both of these requirements.

34. 20 (b) (2) The Titan is intended to be used as a Type-B
I transport package. Part 3 of this submission

assesses the unit with respect to the-

requirements of 10 CFR Part 71. '

;

3 4. 2 0 (b) (3) The Titan User's Manual does not allow for any
modifications to the- unit, or associated j
equipment. It is the user's responsibility to
operate the Titan radiography system in-
accordance with the User's Manual and any
local and national regulations.

_

34. 2 0 (c) (1) The coupling between the source assembly and
the control cable consists of a ball in socket ,

joint with the male attached to the . control |

cable. It is shown in Figure 2. A secure
connection is made by depressing the locking

,

pin and inserting the male s into the female. j

The compression spring ensures a secure- ;

connection once the locking pin is released. - '

,

|

|

'
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perte n t

~!
1. Controlcable '

-

2. DB98 Male connectof
~ ;

- 3. D899 Female connector-

, ,

4. Locking pin ' I
'

S. Locking collar
6. Compression spnng

,'7. Spnng pm -g- ,

8. Connector cap
9. Crimp 3. |10. - Crimped and threaded locking ball

)11. Pig tail cable a 3
. J .34,12. Crimp ' L

13. Cap capsule
14. Active matenal:" 1r 3 -- 5 '

jV2 -6 {15. Base capsule
- . ,

~

1.805 in.
.i

(46 mm) .

kf }; 8

$i -9
f

v .

.;

A >'
% y -to*

O.310 in. Dia*. O
'

(8 mm)
'

?

3

7.24 in.
,

(184 mm)

9

Noteo g
*

1. Conforms to IAEA Special Form requirements

(AECB Certficate No. CDN/0001/S) < ~11 ~

2. Manufactured to Nordion Specificaton
IStrS 0010 C000 '

3. Used mth the Titan Gamma Radiography'

-*
Exposure Device g.

:4. The female connector has the following %,, '12%rinformanon engraved: '
DANGER |

RADIOACTIVE /4 13-- ;

IR192 C990
.

g
-

__ $ 4 {NU

db ]SERIAL NO. (as specified) -
15

~

Figure 2. _The C-990 Source Assembly
'

.O.
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Nordion experience has shown this-. connection
to be reliable and safe. It is used in ,

'

various Nordion sealed source ' assemblies
including the C-337, C-340 and C-343.

This connection remains - secure under - normal ;

and reasonably foreseeable' accident
conditions. This has_been demonstrated by the-
successful completion of full ' scale. tensile i

tests and a 20,000 cycle endurance test._ The !

tests are described in the test plan, which is
found in Appendix 4. The results are ,

documented in reference [5]. ;

The tests for foreseeable accident conditions
included 100 cycles without the terminal
section of the projection sheath installed.
For each cycle, the dummy C-990 source
assembly was projected about 1 meter past-the.
end of an open intermediate section_of guide _ ;

tube. The 100 cycles were_ completed without-
the dummy source ~ disconnecting from the
control cable. This demonstrates that the.
connection meets the requirements -of this;

O e reer v"- -

>

34. 20 (c) (2) The source assembly.-is secured by the selector _
ring within the Lock Assembly. _ Turning the-
selector ring to the OPERATE position releases
the source assembly and allows it to move to
the working position.

Rotation of the selector ring is done against
the action of three compression springs. The
springs are biased toward the_ LOCK position.
Once the outer ring is turned into OPERATE,'an
actuator. pin. enters a receptacle and prevents ,

the selector ring from returning to the LOCK-
position. This pin is connected 'to-'an-
actuator 1ccated between the lock assembly and
the shield. .;

'

Upon its return to the' storage position, the
C-990 locking ball enters the actuator causing
the actuator pin to be released fromt its
receptacle. This allows the selector ring'to
snap back to the LOCK position. In this

LO .

6 October,'1993 r
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'

I' manner, the primary lock automatically' secures ,
the source assembly-when it is cranked back: ;

into the fully shielded' position. 1

The only way to release the source assembly is- ;

to. deliberately turn the' outer ring into the ,

OPERATE position.

A more detailed description of this safety-
feature can be found in Appendix 2. ;

3 4.'2 0 (c) (3 ) The Titan includes caps for..the' lock assembly
,

and exit port. They are shown in Figure 1.

Both caps are designed to protect the source j
assembly from foreign matter .' and accidental: ;

impact. The Titan User's Manual requires e

these caps to be installed whenever'the unit ,

is not in use. (See Appendix 3.) >

34. 20 (c) (4) The C-990 has th- words " DANGER RADIOACTIVE" |
'

engraved on its end connector. This is shown.
on engineering drawing K122213-600.

,

34. 20 (c) (5) Prototype source guide tubes and drive
4 controls have been successfully kink and crush ,

tested as described in Appendix 4...The re'sults
can be found in reference [5]. No.significant
damage was observed.

34. 20 (c) (6) The Titan is equipped with an interlock which-
prevents the selector ring from' moving into
the OPERATE . position unless the ' projection
sheath has been installed. The operation of
this interlock is described.in Appendix 2.

34. 20 (c) (7) An exposure. head is crimped onto the
terminating section of the projection sheath.
It is the user's responsibility to ensure that- *

the- terminating section 'is -installed 'during
operation.

.,

34. 20 (c) (8) Tensile tests on the guide tube exposure haad
connection are described in Appendix 4'. The
results of these tests.are given.in reference.

,
~

i

[5]. No significant damage was observed.- ;

<

!
;

'

1
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34.20 (c) (9) This paragraph of-the. regulations applies to ,

source changers and does not apply to the I

Titan. ,

34. 20 (d) (e) It is submitted that the . Titan is 'in full |
compliance . with the requirements of 10 CFR i

'
Part 34.

,

34.21(a) The Titan is designed for the maximum
radiation fields listed below:

:

i) 200 mrem /h on contact with.the surface.of .

'

the unit;

11) 50 mrem /h 50 mm from the surface'of the
unit

'

iii) 2 mrem /h 1 m from the surface of the
unit.

The critical requirement is 11 )' . -Satisfying i

this requirement means'that the other two are
satisfied as well. The two . prototypes. were. 'i
found to have radiation fields in excess of'

_

this limit. It is clear that1about'l to-2 mm-
- of additional shielding is' required over the

-

surface of the unit. The net weight' increase .

will be approximately 0.7 kg. (1.5 lb)
'

-i

Nordion concedes that~ additional . proof is
required before full compliance with ANSI ~

,

N432-1980 is demonstrated. New shields.will ;

be manufactured and surveyed as per the .;
iprocedures described in Appendix 4.
'

The effect of the incre'ase in unit weight has.
'

been considered in all of the tests for' normal
and accident conditions of- handling and-
transport. In general, drop heights were
increased by S.% to account for the increased |
potential energy of the production units.

I

34.21(b) It is submitted-that.the Titan will meet the
requirements of this paragraph as described'in :

-

34.21(a) above. Proof will be in the form of. i

a supplemental test report.
,

1

7
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34.22(a) The Titan Lock Assembly prevents unauthorized-
or accidental' removal of the~ sealed source
from the storage position. Its operation is
described in Appendix 2.

It is the user's responsibility to ensure that
the Titan is kept locked when it is not in the
direct surveillance of a Radiographer or
Radiographer's assistant. (See Appendix 3.)

The sealed source assembly is automatically
secured every time the source returns.to its
shielded position. This feature is discussed
in paragraph 34.20(c)(2) above, and- in
Appendix 2.,

34.22(b) The Titan is neither a. sealed source storage
container nor a source changer. Therefore,
the requirements of this paragraph do ' not
apply. .

34.23 The requirements of these paragraphs-apply to
through licensees only. They do not apply to the Titan .

. and 34.27 and are not considered in this submission.

34.28 The Inspection and Maintenance requirements
for the Titan are described in the User's
Manual. (See Appendix 3.) It_is the user's ,

responsibility to carry out these procedures ;

and to maintain records of these inspections.

34.29 The requirements of these paragraphs apply to
through licensees only. They do not apply to the Titan
and 34.51 and are not considered in this submission.

.

'

9 October, 1993

:

I



a

$

TR-9303-N990 rev A

* (D-"_ f
.,

g
APPENDIX 1. Selected Enaineerina Drawinas

The following engineering drawings are referenced in Part 1 of
this submission. Current issues are included for reference.

K122213-600 rev. D
A17720 rev. E

,
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APPENDIX 2. OPERATION OF THE TITAN

A2.1 Overview

The Titan is shown schematically in Figure A2.1. It consists
of a titanium shell, a lock assembly, an S tube cast within a
depleted uranium (DU) shield, a C-990 sealed source assembly,
and an exit port. Entries into the lock assembly and the exit :

_

port are sealed using end caps.

The lock assembly is shown in Figure A2.2 and consists' , of '
three main parts, the inner plate subassembly, the selector
ring and the outer plate subassembly. The bayonet end cap is .

'
installed when ' the projector is not in use. The bayonet
connector is used to attach the drive-controls to the lock
assembly. *

'

At the start of an exposure cycle, the C-990 is secured in the
S-tube, the selector ring is in the LOCK position, the bayonet
and source guide tube end caps are installed, and the push
button lock is engaged. This is termed transportation mode
and in this configuration all requirements for the transport
of radioactive materials are satisfied.

In trancportation mode, it is impossible to remove the bayonet
d(N end cap. It is also impossible to turn the selector ring into

the OPERATE position.

To perform an exposure, the radiographer unlocks the push'
button lock. This allows the-' bayonet end cap to-be removed
from the lock assembly and allows access to ' the .C-990 ;end
connector. (See Figure A2.3) The control cable is then . ,

connected to the C-990, and the bayonet connector is attached
,

to the lock assembly. At this point, the remote control cable a

and the source assembly are fully connected. However; it is
still not possible to move the selector ring into.the OPERATE
position. This action is prevented by an~ interlock with the
projection sheath.

,

The source guide tube end cap is then removed . and .the -
projection sheath is attached. This releases the interlock and :
allows the selector ring to be turned counterclockwise into
the OPERATE position. The motion is resisted by springs-that' '

bias the selector ring toward its LOCK position. . Once:the
selector ring has been rotated into the OPERATE position, an
actuator pin prevents.the spring from returning the selector
ring to the LOCK position.

;(
,

.\ 11 October, 1993
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In OPERATE, the sealed source is free to exit from the primary- -

lock.and the shield. The radiographer then uses.the drive
controls to project the source to the exposure site.

Once the exposure has been completed, the C-990 is retracted
into the shield. As it approaches its secure position, its. .

locking ball engages the actuator. This causes the actuator
pin to disengage from the selector ring-causing the' ring to
spring back into the LOCK position. This automatically'-

'

secures the source assembly in the depleted uranium shield.

If additional exposures are planned, the selector ring is
turned back into the OPERATE position and the-cycle repeats.
Otherwise, the drive controls .and.' projection sheath are-
removed from the unit and replaced with the appropriate-end
caps, the push button lock is engaged and the wire seal is
installed. This returns the unit to transportation mode.

A2.2 Design Principles for the Lock Assembly

This section describes the operation of the lock assembly in
detail. The various lock components are shown in Figure A2.2. t

A2.2.1 Design Principles for the Lock Assembly

-(O/ The functions of the lock assembly are:

(a) To secure the source assembly in all positions except
OPERATE.

(b) To prevent entry into the OPERATE. position unless the
control cable has been properly connected to thez source
assembly.

(c) To prevent entry into the OPERATE position unless the
drive control has been installed.

(d) To prevent entry into the OPERATE position.unless the
projection sheath has been securely installed.

(e) To prevent the removal of'the drive control while the
selector ring is in the OPERATE position.

(f) To autornatically lock the source assembly once it has |
returned from its working position, f

Each of these functions is described below.
|

Securina the source Assembly

The C-990 sealed source assembly is shown in Figure A2.3.- It
includes a two part end connector. The minor diameter of Item |
8, ' the connector ' cap, is the smallest diameter along the j
entire length of the source assembly.

'

O 12 October. 1993
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~' -The C-990 is secured by the selector ring, which is shown in
.

section in Figure.A2.4. The smallest width in slot C aligns
with the connector cap in all positions except OPERATE, and
thus retains the source assembly. When the outer. ring is in
the iOPERATE position, the source end. connector is aligned with
the hole at the end of slot C, and the C-990 is free to travel
out into the working position.

Slot C is sized'so that rotation of the selector ring from the
OPERATE position to the LOCK position is only possible if the
slot is aligned with the minor diameter of the connector cap.-
It is not wide enough to pass over the teleflex cable or.any
other part of the source assembly.

Preventina Operation if the Control is Improperly Installed

A secure connection between a male connector and the female C-
990 connector.is shown in Figure A2.5. If the male connector
has not been securely connected to the female, the overall
length of the connector assembly exceeds - the length of a-
secure connection.

In order-to turn the selector ring into the OPERATE position,
the bayonet connector must be fully inserted into the lock

(^} assembly. .An improper connection results in interference
\_f between the unconnected assembly and the bayonet connector,_

thus preventing the full insertion of the connector into the '

lock assembly. This makes it impossible to turn the bayonet'
connector and prevents operation if the control-cable has not
been securely connected to the source assembly.

Preventina Operation without-the Drive Control
!

The lock is shown in section in Figure A2.6. (This section is
different from the one shown in Figure A2.4.) It-is-prevented
from moving into the OPERATE position by two interlocks. ~ One '

of.these interlocks is with the bayonet connector.

Movement into the OPERATE position can only be achieved if the
cam follower pin is pushed into slot D. This'only happens if
the bayonet connector is inserted and rotated 90 - degrees. -

Interference between the cam follower and the connector causes.
the follower to move radially outward against the action of a
spring.

|
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Only the bayonet connector can engage the cam follower. The
bayonet end cap is. similar to the bayonet connector. However,.
its smaller major diameter does not engage the cam follower.
Thus, the cam follower is not pushed into " slot. D and the
selector ring cannot be rotated into OPERATE.

t

Preventina Operation if the Proiection Sheath is not Installed'

The lock assembly includes an interlock with the projection--
sheath. The interlock is shown in Figures . A2.1, A2.6 and ,

A2.7. Rotation into the OPERATE position is prevented by the- 1
engagement of the interlock pin in slot B1. (See Figure A2.6. ) ;

The head of the pin is located in the outer plate subassembly
and its tail extends through the selector ring and inner plate- .

subassembly. The tail meets with a cable. (See Figure A2.7.) i

The other end of the cable is connected to a pin that projects
*

into the exit port.

Installing the projection sheath depresses the. pin which
ultimately causes the interlock pin to disengage from slot Bl.

'
<

This allows the selector ring to be rotated into the OPERATE
position.

The source guide tube end cap does'not engage'the pin in-the
exit port. This makes it impossible - to reach the-OPERATE

f( x) position while the source guide tube end cap is installed.

Retention of the Drive Controls while in OPERATE

Figures A2.2 and A2.6 also shows a locking bar. Its function :
is to prevent the removal of the bayonet connector once the
unit is in OPERATE mode.

The locking bar is related to slot E in the selector ring.
(See Figure A2.6.) It is constrained to vertical motion'by a ;

slot in the outer plate. Rotation of the selector ring causes ]
the locking bar to move upward. As soon as.it leaves the )
lower position, the locking bar prevents the rotation of the

'

bayonet connector. This prevents the removal 'of the drive
controls from the lock assembly once the selector ring has
been rotated into' OPERATE. 1

|

Returnina to the LOCK Position once the Source Assembiv- I
Returns !

Rotation of the selector ring into OPERATE is resisted - by . i

springs. (See Figure A2.2.) The springs bias the ring toward
LOCK.

l
!

O 1
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'b' ' Once - the selector ring.has been rotated into tho' OPERATE
position, the actuator pin enters slot B2,--and prevents the

, selector ring from returning to LOCK. (See Figure A2.6.) The
L head of this pin is within the outer . plate and its tail.

extends through the selector ring and inner plate assembly to
the actuator.

The tail of the pin can be engaged by a spring loaded
actuator. (See Figure A2.2.) The actuator is biased toward
the shield and the control cable moves freely through .the
actuator.

..

The C-990 source assembly includes a. locking ball. Upon the
return of the source to its shielded position,--the locking
ball engages the actuator. .This causes the actuator'to push
the actuator pin out of slot B2. (See Figure A2. 6. ) . This
allows the springs to snap the selector ring into the LOCK
position and secures the C-990.

A2.2.2 Design Principles for the Push Button Lock

The push button lock is an off-the-shelf component. It may be ;
locked without the key. Its functions are:

a) To secure the bayonet end cap or the bayonet connector
V{T

,

b) While engaged, to prevent rotation of the selector ring- :1

into OPERATE |
c) To' enable the selector ring to be secured in ' its LOCK 'j

position at all times. ~j

Securinct the Bavonet End Can or the Bavonet Connector

Engaging the push button lock causes a pin to enter through a
lock pin and into the selector ring. (See Figure A2.6) .The
only time this can happen is when the-locking pin is in'its
lower position. When the push button lock. pin'is installed
through the locking pin, the locking-plate cannot move. j

The bayonet connector and the bayonet end cap have. recesses
that accept the locking pin. (See Figure A2.6. )- If ' the
locking pin is within the recess, neither connectors can be' -
turned. Thus, with the push button ~ lock engaged it' is
impossible to remove either the end cap or the bayonet'
connector.

_
15 October, 1993'
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-Preventina-Rotation ~into-OPERATE while LOCKED'

In addition to the interlock between the bayonet connector 'and= >

the cam follower there is also an interlock between the push
button lock and the selector' ring. In.its locked position,.
the push button lock pin engages a hole in'the selector ring.

~

and prevents-it from-turning into the OPERATE position. .(See -

Figure A2.6)

Enablina the Selector Rino to be Secured in the LOCK Position

In' ' the event that both the bayonet- end cap and bayonet- .

connector are lost, it is still - possible to secure - the ,

selector ring in the LOCK position. In this case, the lock
pin is in its lower position and its hole is aligned'with the-
push button lock. It is also aligned with the selector ring.
This enables the push button lock to engage-both.the lock pin :

and the selector ring. This prevents the rotation of-the
selector ring into the OPERATE position.

>
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IV) 1. Controt cable
1

2. D898 Male connector
3. D899 Female connector
4 Locking pin
5. Locking collar
6. ession spnng 2

8. Connector cap
-

9. Critnp
10. Crimped and threaded locking ball M
11. Pig tail cable
12. Crtmp 3
13. Cap capsule
14. Active matenal: *1r A A

7[T
1 415. Base capsu:e

-~ 5

h -6
4-

1.805 in.
(46 mm) ,

N 8
4 .- g

V
-

-- 10 :
'

0.310 in. Dia

O (8 mm)

7.24 in.
(184 mm)

.

Notes

1. Conforms to LAEA Special Form requirements

(AECD Certficate No. CDN!0001/S) 4 II

2. Manufactured to Nordion Specification
i

IS/TS 0010 C000
3. Used with 1he Titan Gamma Radiograohy

Excesure Device k4. The female connector has the fo!!owing ' 12
Informaton engraved:

DANGER 13
,

7
f" TAD 10AC~IVE

NO _$4
th.02 C990 y j

''4 15SERIAL .NO. (as speer'ied)

Figure A2.3 The C-990 Sealed Sourceg
s.g
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Chapter One .

P

Introduction
r

1-1- GENERAL

The Nordion TITAR is a Gamma Ray Projector built to handle the most demanding
industrial radiography applications. Designed to fit pipes more securely, the TITRR is '

rugged, reliable, easy to handle and can stand up to the toughest working conditions. The
Nordion C-990 is the Souwe Assembly used for TITAR radiographic exposures.

1-2 REGULATORY TQUIREMENTS

The operation of this radiographic product is subject to regulations. Please check with your
- national and local authorities.

1-2-1 Packaging '

This product meets USNRC, USDOT, AECB and IAEA regulations for Type B(U) packages.
No overpack is required.

1-2-2 Source Assembly (C-990)

Nordion C-990 source capsules meet IAEA requirements for Special Form radioactive
!

material (AECB Certificate No. CDN/0001/S). Replacement sources are normally shipped
''

to a licensed user in a Source Changer.

1-2-3 Source Changer

Source Changers must conform to IAEA Type B(U) requirements. See Chapter Six -Source
,

Changer.

1-3 OPERATOR'S RESPONSIBILITIES j

The TITRR and its peripheral equipment have been designed in accordance with various

O' intemational standards and regulations. Full compliance with these standards requires .
:

operator cooperation. '

93 Oct ' Chapter 1 Page 1 TITAN
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Operator's responsibilities include:

a) Obtaining and obeying local and national regulations. The MRQ must be
operated by trained and licensed personnel. Records of training must be
maintained by the user,

b) Using safe practices and operating the unit in accordance with this manual. You
must read and fully understand this manual before operating the MAR.

c) Inspecting and maintaining the unit according to this manual. Modifications to
the unit or its peripheral equipment are not permitted. See Chapter Five -
Maintenance.

d) Maintaining inspection and maintenance records.

e) Attaching an owner's label and a current source identification label. Source
serial numbers and MRR serial ntunbers should be tracked.

f) locking and safely storing the unit when it is not in use.

g) Safely securing the unit in transport away from the public and photographic
materials. Transportation of the unit must be in accordance with this manual
and local / national regulations. See Chapter Four- Transportation and Siorage.

h) Keeping emergency procedures and shipping papers in accessible and readily
visible areas in the transport vehicle.

i) Reporting incidents and accidents to the local competent authority.

/3
V

O
:

!
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Chapter Two-

Desc'rietion

2-1 GENERAL
i

Described as the " light heavyweight", the Nordion TITM has an optimized shield design
within a lightweight titanium case. The TIT M projector is curved to fit pipes more
securely and its broad base provides greater stability. See Figure 24-Main Components of ;

Ihe Nordion TITAN.

GAMMA RAY PROJECTOR

s

A.

gh \ '.

,,7,gp>.' * " $$e a'v. g

SOURCE GU:DETUBEi o y

2:!
, w ;.a

5 i l

). .)"v I '

1

| |,

DRIVE CONTROLS i

e

l

;

.j. - , .

i

I

.!
l

|

:

:

Figure 2-1
~

Main Components of the Nordion TITAN
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g-2 SPECIFICATIONS
lsotope: - Ir-192

Half-Life: - 73.8 days

Capacity: - 120 Ci(4.44 TBq)

Shielding: - 30 lbs. (13.5 kg) depleted uranium metal

Prajector: - All titanium

Length: 12.0 in. (305 rmn)
Width: 6.75 in. (171 mm)
Height:10.13 in. (257 mm)
Weight: 44.0 lbs. (20 kg) including shielding

Pistol Grip Control: - Weight: 3.851bs. (1.75 kg)

Source Guide Tube: - Length: 7.0 to 21.0 ft. (2.1 m to 6.4 m)
Weight: 1.4 lbs. to 4.4 lbs. (0.65 k.g to 2.0 kg)

Drive Controls - Length: 25 ft. (7.6 m)
Weight: 14 lbs. (6.4 kg) including Teleflex Cable
(manufactured by Teleflex Inc.), Cable Sheath,
and Bayonet Connector

Operating Specifications:- Standard Cable Sheath length on Drive Controls is
.25 ft. (7.6 m)
Standard source can travel up to 21 ft. (6.4 m)

2-3 PERIPHERAL COMPONENTS

2-3-1 Drive Controls

The Drive Controls include a steel Teleflex Cable which is projected by a Pistol Grip Control.
A male connector on the Teleflex Cable attaches to the female connector on the Source
Assembly and moves within a flexible teflon lined Cable Sheath covered in yellow PVC.

A radiographic source within the TITRR is connected to the Teleflex Cable and a Cable
Sheath is fitted to the Lock Assembly. When tumed in a counter clockwise direction, the
Pistol Grip Control transfers the source out of the projector and through the Cable Sheath
to the exposure position. A clockwise rotation retracts the source back into the projector.
The TITAR recognizes the return of the Source Assembly, and automatically secures the
source in the stored (shielded) position.

/'T
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2-3-2 Source Guide Tube
'

The Source Guide Tube includes a protective yellow PVC cover. It consists of up to three . '

7 ft. (2.1 m) lengths. Two lengths of the Intermediate Section connected together with a ,

Terminating Section provide a totallength of 21 ft. (6.4 m).

The Terminating Section has a Source Stop and must always be used to positively locate the

source. The Source Stop avoids accidental ejection and also prevents debris from jammmg .
the source in an exposed position. See Figure 2-1-Main Components of the Nordion TITAN.

2-3-3 Source Assembly (C-990)

TheTitRilis designed to operate with a Nordion C-990 source. Iridium 192 is scaled within -
the source capsule and crimped to a short length of Teleflex Cable. The opposite end of the
Source Assembly has a connector for positive attachment to the Drive Controls. See Figure
2-2-Source AssemMy (C-990). >

The Source Assembly meets IAEA requirements for Special Form radioactive material

(AECB Certificate CDN/0001/S).

"" * ' "D***** 'O

Figure 2-2 -!
Source Assembly (C-990) .j

2-4 DEFINITIONS ,

j

This section defines components and terms that appear in this guide. The component names i
|or terms, shown in bold, are followed by altemate names within [ square brackets].'All

Component Names are capitalized throughout the main body of the text. See Figure 2-1 |
-Main Components of the Nordion TITAN and Figure 3-1 -TITAN Cross-section; '

Actuator Pin:-A mechanical component inside the Selector Ring that holds the Selector
Ring in the ' OPERATE' position. j

Bayonet End Cap:-Plugs the Entry Port when the Drive Controls are not connected to
the Gamma Ray Projector.

Cable Sheath: -A flexible stainless steel casing with a protective bright yellow PVC cover-
that is used in the Source Guide Tube and in the Drive Controls. -|

1

Collimator: [ beam limiter]-A device used to limit the size, shape, and direction of the
primary radiation beam. It is attached to the Source Stop.

93 Oct Chapter 2 - Page 3 TITAN .i
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- Drive Controls: [ controls, drive cable, control cable]-A manual device attached to the
bq ;

.
Gamma Ray Projector that enables the Source Assembly to be exposed or retracted. It !

consists of the following:

a) Teleflex Cable - 50 ft. (15.2 m) long and housed within the Cable Sheath.

b) - Cable Sheath - two 25 ft. (7.6 m) lengths.
.

c) Bayonet Connector - affixed to the Cable Sheath, it is attached to the the
Projector using a push and twist motion.

d) Pistol Grip Control - a manual remote control device attached to the opposite -
end of the Cable Sheath used to project and retract the Source Assembly to

~'

perform en exposure.

Entry Port: -Where the Drive Controls are connected to the Gamma day Projector.

Exit Port: -Where the Source Guide Tube is connected to the Gamma Ray Projector and
where the source is projected from the exposure device.

'

!

Gamma Radiography System:-All components necessary to make radiographic
exposures, including the Gamma Ray Projector, Source Assembly, Drive Controls, and other
components associated with positioning the source such as the Source Guide Tube, Source

"

Stop, and Collimators.

Gamma Ray Projector: [ exposure device, gamma ray exposure device (GRED), pro- 3
jector] -A shielded device that permits the controlled projection of a sealed source for the

"

-- purposes of radiography.

Interlock:-The Interlock is a mechanical connection between the Exit Port and the Selector
Ring. This feature of the TITfEl requires connecting the Source Guide Tube to the projector g
before the Selector Ring can be tumed to the ' OPERATE' position. See Figure 3-1-TITAN
Cross-sectlan.'

r

Lock Assembly:-Anassemblyconsistingof theSelectorRing,aninnerplateassemblyand
an outer plate assembly. See Figure S-1-Exploded View oflock Assembly. The Lock Assembly
secures the So, m Assembly when in the " store" position.

Locking Pin:-A small pin on the side of the Source End Connector that is used to push
down the Sourca Assembly's spring loaded locking collar to permit connection of the female
Source Assembly Connector to the male Teleflex Cable connector.

Push Button Lock:[ lock]--A lock that, when engaged, prevents the rotation of the [
'

Selector Ring.

Radiation Safety Officer:-The person selected to be responsible for radiation safety in an
organization. Also called by other names such as " Radiation Protection Officer" and
Radiation Safety Manager."

Selector Ring: -Two-positions: ' LOCK' and ' OPERATE'. While in the ' LOCK' position,
the source is secured in the shielded position within the projector. When in the ' OPERATE'
position the sourm may be projected from the shield.

/^ Source Assembly:[ pigtail, source)-A component that includes a small capsule
. containing iridium 192, and a connector that attaches to the drive cable. The connector and

capsule are crimped onto a short length of cable.

|
4
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i
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Je+ -I !)

$I . .

LOCKING PIN

Figure 2-3
Source End Connector

Source Changer:-Used to transport new sources to the customers and return old sources
to Nordion.

Source End Connector:-The female connector at the end of the Source Assembly that
mates with the male connector on the Teleflex Cable (See Locking Pin). Refer to Pigure
2-3-Source End Connector.

Source Guide Tube: [ projection sheatF]-A flexible tube for guiding the sealed source
from the Gamma Ray Projector to the Sou/ce Stop. It may be up to 21 feet long consisting of
the follewmg sections:

a) Terminating Section: (7 ft. long) - section to which the Source Stop is attached.

b) Intermediate Section: (7 ft. long) - used between the TITM and the
terminating section.

Source Guide Tube End Cap: -Plugs the Exit Port when the Source Guide Tube is not
connected to the Gamma Ray Projector.

Source Stop: [end stop, exposure head)-Locates the sealed source at the desired focal
position. It is attached permanently to the Terminating Section of the Source Guide Tube.

.

>
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Chapter Three :

!

Oseratio~n
,

3-1 GENERAL

The portability and light weight of the TITRD makes operation easy. Nordion's Ganuna
Ray Projector is shielded and self-contained. This unit uses a C-990 source for the

,

radiographic inspection of st*1 and light alloy sections.

The TITRD 's titanium case contains a radiation shield of depleted uranium. Through
computer analysis all excess weight has been removed to form a fully optimized radiation ,

shield.
,

3- -i Component Overview

'

The TITRD , as shown in Figure 3-1-TITAN Cross-section, consists of the following:.

FR YONET FOR CE ^ S MULY
END CAP

GUIDE TUDE ,,,,s,,,,,
END CAP s a

h/f|k/fY/|/h fY||fY,,,

^ ^
| gg : H BU ON
s.... r _ & !

Nf",- pW Wp9 S9 gg .
,

' . . . *N \
.

'

' * - jsE -- - S- le

7EXIT ', / -

h d. CO PR S ION

. -m- _=nas -
' (10F 3) -

s
-- BAYONETCONNECTOR -

'

oQ' WW%Q'$QNQN SQ _ ggyoh END CAP t

a N: ( \

g- m a n ne =mitta^"= cisw=a?" " " " ' ^ "
-s

Figure 3-1 *

TITAN Cross-seCtion
,

f
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an S-tube, cast within a depleted uranium shield,q .

'

a Lock Assembly, including the Selector Ring- e

a Push Button Lock.

a C-990 sealed Source Assembly,e

a port for the attachment of a Source Guide Tube,e

a port for the attachment of a Drive m * ml..

Entry & Exit Ports-The Entry Port and Exit Port at eitherend of theS-tube are sealed using
end caps. A Bayonet Connector attaches the Drive Controls at the Entry Port and a threaded
connector fastens the Source Guide Tube at the Exit Port.

End Caps-Each Port has a mating End Cap that is stored on the case when the unit is in
use.

3-2 OPERATING PRINCIPLES :

3-2-1 Overview

At the start of an exposure cycle, the C-990 is secured in the centre of the S-tube, the Selector

hg is in the ' LOCK' position, the Bayonet and Source Guide Tube End Caps are installed,
and the Push Button Lock is pushed in with its key removed. This is termed " Transportation

Mode" and in this configuration all requirements for the transport of radioactive materials
are satisfied.

In Transporta tion Mode, it is impossible to remove the Bayonet End Cap. It is also impossible

to turn the Selector hg into the ' OPERATE' position.

To perform an exposure, the radiographer unlocks the Push Button Lock. This allows the
Bayonet End Cap to be removed from the Selector hg and allows access to the C-990 Source ;

End Connector.The Teleflex Cable is then connected to the C-990 Source Assembly, and the
'

Drive Controls are attached to the Lock Assembly. At this point, the Teleflex Cable and the q

Source Assembly are fully connected. However, the Interlock prevents the Selector hg
from mosing into the ' OPERATE' position. The Source Guide Tube End Cap is then
removed. Attaching the Source Guide Tube releases the Interlock and allows the Selector j
hg to be tumed counterclockwise into the ' OPERATE' position.The motion is resisted by j

springs that bias the Selector Ring toward its ' LOCK' position. Once the Selector hg has i

been rotated into the ' OPERATE' position, an Actuator Pin prevents the spring from
returning the Selector hg to ' LOCK

In the ' OPERATE' position, the Source Assembly is free to exit from the shield. The -I
radiographer then uses the Drive Controls to project the source to the exposure site.

I

Once the exposure has ocen completed, the C-990 Source Assembly is retracted into the
shield. As it approaches the ' LOCK' position, its locking ball engages an actuator. The ;

A Actuator Pin becomes disengaged and allows the Selector hg to spring back into the ,i

k ' LOCK' position. This action automatically secures the Source Assembly in the depleted I

uranium shield.

Operation Chapter 3 - Page 2 93 Oct
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If additional exposures are planned, the Selector Ring is turned back to the ' OPERATE'' p)- \. position and the cycle repeats. Otherwise, the Drive Controls and Source Guide Tube are
removed from the unit, the appropriate End Caps are fastened to the Entry and Exit Ports,
and the Push Button Lock is pressed in. This returns the unit to Transportation Mode.

The safety features built into the TITM require that to expose the source, you must:
.
*

unlock the Push Button Lock.

securely connect the Teleflex Cable to the Source End Connector.

attach the Source Guide Tube (s),=

attach the Drive Controls,e

'

turn the Selector Ring to the ' OPERATE' position.e

3-3 SITE SAFETY PRECAUTIONS .

f-

Only perform radiography in a restricted area where boundaries are clearly defined. Place
appropriate radiation waming signs and physically secure the area against unauthorized .

entry. The radioactive source emits high levels of radiation and therefore it is a good practice

to operate the system from as great a distance as possible.

Operation Distance Calculation -To calculate the minimum distance for operation, use
the inverse square law: that is, double the distance results in quarter the level of radiation.

O- 3-3-1 Personnel Precautions

WARNING: All personnel shall wear a-Thermal-
Luminescent Dosimeter (TLD) and shall carry a radiation
survey meter capable of measuring dose rates of 0.02
mSv/h (2 mrem /h) to 100 mSv/h (10 rerruh) .

In some countries, including Canada and the United States, regulations require a direct
reading dosimeter to be worn in addition to the TLD. Some countries also recommend an

audible " beeper" pocket alarm. Check with your local authorities.

CAUTION: Food and drink should not be permitted in the
vicinity during the operation of the projector.

3-4 OPERATING PROCEDURES

3-4-1 Inspection

A daily inspection and the required maintenance procedures must be completed prior to
using the TITM . Refer to Chapter Five.

93 Oct - Chapter 3 Page 3 TITAN
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Figure 3-2

Removing the Bayonet End Cap

WARNING: Proper operating procedures and regular
inspection and maintenance will ensure that the TITRn
operates safely.O

3-4-2 Source Guide Tube Layout

1. Secure the Source Stop of the Terminating Section at the radiographic focal
position. Use of a collimator is recommended.

2. Determine the position of the TITRO and lay out the Source Guide Tube as
4

straight as possible. Avoid bend radilless than about half a meter (20 inches) to
prevent restricting the source movements. Do not connect the Source Guide
Tube to the IIIRD at this stage.

CAUTION: Ensure that the Source Guide Tube does not
contact any surface at a temperature greater than 60 C
(140 F).

I
CAUTION: Position the projector and peripherals in a '

manner that minimizes the risk of accidental damage
caused by crushing or by fc!!ing objects (vehicles or
closing doors).

WARNING: Ensure that the "available length" of the
Teleflex Cable on the Drive Controls is greater than the
totallength of the Source Guide Tube. lf the Teleflex Cable
is shorter than the Source Guide Tube, the source cannot

,

be crojected all the way to the Source Stop and correctly
placed for exposure,

a

'
Operation Chapter 3 - Page 4 93 Oct

_



... - - - - ._

|

User's Manual ISOM o090 N990 (REV B)

3-4-3 Connecting The Drive Controls

3. Unlock the Push Button Lock with the key.

4. Turn the Bayonet End Cap counterclockwise to rernove it. See Figure
,

3-2-Removing the Bayonet End Cap. |
1

5. Secure the Bayonet End Cap in its storage position on the front of the TITRH j
just below the handle.

1

1
6. Crank the Pistol Grip Control and expose the male portion of the Teleflex Cable !

(the ball-end of the cable). I

7. Locate the IIIND 's Source End Connector and press back the spring-loaded
Locking Pin with a thumb nail. See Figure 3-3-Engaging the Source End
Connector.

I8. Engage the male and female portions of the swivel coupling. Ensure that the j
spring loaded Locking Pin retums to its original position and the connection is ;
secure.

i
<

9. Insert the Bayonet Connector and rotate it clockwise 90 degrees. The Dnve
Controls are now coupled to the projector. It should engage freely. If any force
is required, then a correct connection has not been made. See Figure
3-4-Connecting the Bayonet Connector.

WARNING: Difficulty in attaching the Bayonet Connector,
may indicate that a proper source connection has not been

O meee er 1"ei the seiect < n'eo reae'<es meimteeeece.
Investigate and take appropriate action before proceeding
further.
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Figure 3-3

Engaging the Source End Connector
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Connecting the Bayonet Connector
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Store End Caps on the TITAN
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l

Connecting Source Guide Tube j

10. Keep the Selector Ring in the ' LOCK' position until you are ready to start the
,

: exposure.

3-4-4 Performing a Radiographic Exposure

,

11. Unfasten the Source Guide Tube End Cap from the projector and installit in the
,

! storage receptacle. See Figure 3-5-Store End Caps on the TITAN. )

WARNING: Once the Source Guide Tube End Cap is
removed, higher radiation fields will come out the Exit
Port. DO NOT come into the path of the radiation beam
emitted from the open Exit Port.

12. Connect the Source Guide Tube securely. See Figure 3-6--Connecting Source :
Guide Tube.

13. Check the surface of the projector with the area radiation survey meter. This is
: a precaution only to ensure that the meter responds to radiation. Record the
: radiation levels for later verification that the source is in the shielded position |

after exposure.

14. Verify that the Intermediate and Terminating Sections are correctly connected.

15. Ensure that no unauthorized personnel an: inside the Restricted Area or
Exposure Room Make sure that warning signs are posted.

16. Rotate the Selector Ring counterclockwise to the ' OPERATE' position. When
the indicator points to ' LOCK', the Source Assembly is secured in the shieldedO position. When the Indicator points to ' OPERATE', the Source Assembly is free
to travel.

4
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,

NOTE: Excessive tension in the Teleflex Cable (for
example, the Pistol Grip Controlis snagged) mayprevent
the Selector Ring from remaining in the ' OPERATE'
position.

17. Position yourself at the Drive Controls and verify that all personnel have left
the restricted area.

18. Rapidly rotate the Pistol Grip Control in the ' EXPOSE' direction
(counterclockwise) to transfer the source out of the MAR and into the
radiographic focal position. There will be some resistance when the source
reaches its stop. DO NOT USE EXCESSIVE FORCE.

19. Set the brake to 'ON', at the Pistol Grip Control, to prevent any movement of
the source during exposure.

3-4-5 Exposure
:

The measured exposure time starts from the moment the source reaches the stop.

Survey meter readings observed during the projection operation will significantly increase
from background to a high level as the source leaves theMRR. Readings will fall as the
source moves into the collimator (if used) and remain steady throughout the exposure.

,

Actual survey meter readings will depend on the source activity, distance, collimators,
shielding and backscatter (building materials, especially steel, will generate sigrdficantO amounts of scatter).

20. Observe the readings during the sequence of changes. Use the survey meter to
check the boundary d ose rate, but spend as little time as possible in the restricted
area to muumize personal exposure.

21. At the end of the exposure time, set the brake to 'OFF'and rapidly turn the crank
on the Pistol Grip Control in the ' RETRACT' (clockwise) direction until the
crank comes to a stop. Check that the Selector Ring has retumed to the ' LOCK' ,

position by tuming the hand crank counterclockwise. If the Source Assembly |

cannot be moved, the Selector Ring should be in the ' LOCK' position.

22. Set the brake to 'ON'.

WARNING: Always check radiation fields as you
approach the MRR. This is the primary means of
checking that the source is safely stored. j

23. Survey the unit. Radiation fields should be the same as they were at the start
of the exposure. Pay special attention to the fields at the Exit Port.

!

WARNING: If the source is still exposed, attempt to store
it properly by cranking it a short distance out into the
Source Guide Tube and retracting it. If it cannot be stored
after a few attempts, treat the situation as an

\ EMERGENCY, See 7-2-Emergency Procedures.

Operaton Chapter 3 - Page 8 93 Oct



&

User's Manual ISOM 0090 N990 (REV B)

fN 3-4-6 Preparing for Storage or Transport
G

The following procedure shall be completed every time the TITRR is to be moved.

24. Unfasten the Source Guide Tube and replace it with the Source Guide Tube End
Cap.

25. Replace the plastic caps or fasten both open ends of the Source Guide Tube
together to form a closed loop.

26. Remove the Bayonet Connector.

27. Disengage the Source Assembly from the Teleflex Cable.

28. Replace the Bayonet End Cap in the Entry Port.

29. Press in the Push Button Lock.

WARNING: The TITAR should always be locked when
not under direct surveillance of a licensed radiographer or
assistant.

30. Check the entire surface of the TITRRwith a survey meter. When loaded with
120 Ci of Ir-192 in a C-990, the radiation field should not exceed 200 mrem /h
on contact with the unit,50 mrem /h 50 mm (2 inches) from the surface and 2

mrem /h one metre (39.4 inches) from the surface.
A
5.) WARNING: If the radiation fields exceed the above limits,

treat the situation as an EMERGENCY. Do not proceed
further unless the cause of the high field has been -

determined and corrected.

31. If the IIIRR is to be stored or transported, install a wire seal between the
Source Guide Tube End Cap and one of the four holes provided on the front of
the unit.

i

O
-
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Chapter Four

Trans.ortation and Storaee
!4-1 REGULATIONS

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods
(TDG) Regulations and the Transport Packaging of Radioactive Materials Regulations,
SOR/83-740, including all amendments. ;

United States-In the United States, the transport of Radiography Projectors and Source
Changers is governed by 10 CFR Part 71, and 49 CFR Parts 171 through 179.

International-1AEA Safety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials intemationally.

4-2 RECEIVING GAMMA PROJECTORS AND SOURCE CHANGERS .

When shipping a radioactive package, the consignee must make arrangements for receiving

prior to shipment. Upon notification of arrival, the package shall be promptly picked up at
the carrier's terminal.

1. Upon receipt of the TITRQ, measure the radwtion fields at the surface of the
package and at 1 meter. These should not exceed 2 mSv/h (200 mrem /h) at the
surface and 20 Sv/h (2 mrem /h) at 1 meter.

WARNING: If the package has been damaged and the
,

fields exceed these limits, treat the situation as an .i
EMERGENCY. Isolate and secure the package in a
restricted area. Contact the appropriate authorities and

,

your Radiation Safety Officer. See 7-2-Emergency |
Procedures. |

l

2. Inspect the TITRQ for damage. Check the condition of the wire seal.

WARNING: If the package has been tampered with or
damaged, contact your Radiation Safety Officer for further ,

instructions. Do not proceed further unless authorized to |
1do so.

'

3. Record the radiation levels in the receiving report. Enter the isotope (iridium
192), activity, source model number and serial number.
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f7-3 STORAGETTRANSPORTv
When preparing the TIIRn for storage or transport, ensum that:

#

the Selector Ring is in the ' LOCK' position;.

the Bayonet End Cap is installed and the Push Button Lock is engaged;. ,

the Source Guide Tube End Cap is installed.e

CAUTION: the End Caps on the TITRQ Gamma Ray
Projector provide additional radiation shielding. Always
install the End Caps when the projector is not in use.

the plastic dust caps on the Drive Controls and Source Guide Tube fittings are.

installed.

NOTE: The ends of Intermediate Sections of the Source
Guide Tube can be threaded together rather than using
the dust caps.

When not in use for extended periods, store the TITRQ Gamma Ray Projector in a.
,

dry, clean and secure area. Lock and secure the storage area to prevent urauthorized
entry.

The door to the storage area must have a warning label with the trefoil symbol.

d indicating the presence of radioactive rnaterial. The radiation levels at the outside
wall of the radioactive materials storage area must be within the limits permitted for
the general public.

4-4 SHIPPING

Prior to transport, ensure that the unit has been properly prepared for transport. Refer to
section 3-4-6 for additional instructions. ,

I

WARNING: Never ship a unit that has been tampered with
or damaged.

.

TheTitRD Gamma Ray Projector is licensed as a Type B(U) transport package and needs
-

no overpack. The level of removable contamination must not exceed 4 Bq (0.0001 Ci) per |
2 2 ;

cm , averaged over an area of 300 cm ,.
'

Two completed category labels must be added to opposite sides of the TITRR. The
radioactiveisotope(w2Ir), the activity in bequerels (Bq) or curies (Ci) and the transport index j

(TI) must be recorded on the label. To determine the transport index, the maximum radiation |

level in mrem /h is measured at a distance of 1 meter. For example, a package with a 1

maximum field of 17 p Sv/h (1.7 mrem /h) at 1 meter would have a TI of 1.7.

Guidance on the completion of the categonf abels can be found in Table 4-1. il

|

!

!
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p Do not cover or remove any of the permanently affixed plates on the device, as this would |

V violate shipping regulations by obscuring important information.

Refer to Figure 4-1-Radioactive Material Category Inbels.

WARNING: DO NOT ship the package if the dose rates
exceed 2 mSv/h (200 mrem /h) at its surface or 20 p Sv/h
(2 mrem /h) at 1 metre from any surface. If radiation fields
exceed these limits, treat the situation as an i

EMERGENCY. Do not proceed further until the cause of
the high radiation field has been determined and
corrected.

Table 4-1
Package Label Requirements

e

Label Radiation Level Transport Index
at External Surface (T.I.)1

of Package

RADIOACTIVEI(WHITE) Not more than 0.005 mSv / h (s 0.5 mrem / h) o

RADIOACTIVEII(YELLOW) More than 0.005 mSv/ h ( 0.5 mrem / h) More than 0
But not more than 0.5 mSv/ h ( 50 mrcm / h) But not more than 1

RADIOACTIVEIII(YELLOW) More than 0.5 mSv/ h ( 50 mrem /h) More than 1
But not more than 2 mSv/ h ( 200 mrem / h) But not more than 10

T.I. - Radiation level in microsieverts per hour at 1 metre from the extemal surface of the package divided by 10.1

(This is equivalent to the radiation level in mrem /h at I metre from the external surface of the package.)

4.4 e.4 e.4
a a a

RADIDACTIVE I RADIDACTIVE II RADIDACTIVE III
'"":1, :: . ::s "r" """:? - . . .::,, "'' ""' 1, :. ... - ..mJ "'"***

'

ooss te maasenu nces unts oryseux

7 7 7 i

Figure 4-1 4

Radioactive Material Category Labels

a
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-

TheTITAR - shall be securely stowed in the transport vehide and shall not be carried in7
'

-

passenger compartments. Acceptable means of securing the unit indude passing straps
between the handle and the main body and fastening the straps to dedicated fittings. Use of

a securely mounted box or drum is preferred.

A radiation survey must be completed prior to transport.

d
The TTTRRmay only be shipped if: *

1) Radiation dose rates to occupants are less than 20 Sv/h (2 mrem /h)

2) Radiation levels from the external surface of the vehicle are less than 2 mSv/h
(200 mrem /h)

+

3) Radiation levels at 2 metres from any point on the external surface of the vehicle
are less than 0.1 mSv/h (10 mrem /h).

4) The sum of transport indexes from all packages on the vehide is less than 50 if
the shipment is not under Exdusive Use. (The sum of the transport indexe< must
be less than 100 for Exdusive Use shipments.)

WARNING: Transport Regulations do not allow persons
other than the driver and assistants to be in vehicles
containing packages bearing Category 11 - Yellore or
Category til- Yellow labels.

0 4-4-, eregerias sningic2 0ecomeate
,

Prepare the shipping documents and indude them with each shipment.The shipping papers
must include:

a) The information " RADIOACTIVE MATERIAL, SPECIAL FORM, N.O.S.,
UN2974".

b) The United Nations Class Number "7". I

c) The name and symbol of the radionudide,-1921r".
192d) The maximum activity of the 1r during transport expressed in units of

Terabecquerels (TBq) or curies (Ci).

e) The category of the package (i.e.1-white,II-yellow,III-yellow).

f) The Transport Index (TI).

g) USNRC Certificate of Compliance No. USA /XXXX/B(U) and Canadian AECB
Approval Certificate No. CDN/1038/B(U)-85 and Special Form Certificate of
Approval No. CDN/0001/S.

h) 'Ihe Shipper's declaration: )

"I hereby declare that the contents of this consignment are fully and accurately
described above by proper shipping name and are classified, packed, marked ;

and labelled, and are in all respects in proper condition for transport by (air, |

- sea, road, and rail) according to the applicable international and national
governmental standards."

1 Transponation and Storage Chapter 4 - Page 4 93 Oct ]
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- ,o in the United States use the following declaration:
,

r <

V "This is to certify that the above named materials are properly classified, :

described, packaged, marked and labelled and are in proper condition for
transportation , rording to the applicable regulations of TIIE DEPARTMENT
OF TRANSPORTATION."

,

i) The shipp"r must sign and date the declaration. The declaration and signature
must appear on the same page that contains the particulars of consignment
iisted above.

WARNING: It is the consignor's responsibility to ensure
that the TITRQ is prepared for shipment in accordance
with all pertinent regulations and this manual. It is the
carrier's responsibility to placard the transport vehicle in
accordance with these same regulations.

4-4-2 Handling

The TITRQ is a portable device desia,ned to be carried by one person. When moving the
Gamma Ray Projector, remove the Drive Controls and Source Guide Tube, and replace the

iend caps.

Care must be exercised at all times to minimize radiation exposure. For example,no person

| should sit on the projector or loiter nearby. Personal dosimeten e,hould be wom at all times.

h Only trained personnel should handle the equipment.

4-4-3 Placards

Canada

CrnrMian regulations require placards to be applied tu all four sides of the vehicle whenever

radioactive materials are shipped. For radioactive Catagory I or 11 shipments,
non-retroreRective 250 mrn x 250 mm placards must be used. For radioactive Category III

shipments, the placards must be retroreflective. We recom:nend that you carry spare
placar& in case one is lost during transport.

WARNING: Regardless of which placard is used,it must
be rernoved apon entry to the USA and, i' necessary,

'

| replaced with appropriats placards confomiing to USAregulations (see below).

United States

in the United States, vehicler are only placarded when radioactive Category III Shipments
are made. The placards are non-nnroreflective, and contain the word " RAD;DACTIVE/
They must be attached to all four sides of the transport vehicle.

.[
\
s
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Rest of the World

Ref er to IAEA Safety Series No. 6,1985 Edition (As Amended 1990) and applicable national

or local standards for placarding requiremimts for other countries.
,

4-4-4 Shipping an Empty TITAN

In order to safely transport the MM as an empty package, the spent source must be
stored within a Source Changer and replaced with a dummy source assembly. In addition,

'
each step of section 3-4-6 and the following must be completed:

1) Check the external surfaces of the MM for contamination. The hvel of
2 *

removeable contamination must not exceed 411 (0.0001 p Ci) per em , averaged9
2over an area of 300 cm ,

2) Perform a radiation survey around the unit.

3) IfIhe maxim um radioactivefirld on contact is less Ihan 5 p Sv/h (0.5 mrem]h) and Ihere
is no measurablefield 1 metrefrom the package thert label the package with the
proper shipping name (Radioactive Material, articles aanufactured ..om
depleted uranium, UN 2909) and with the words:

" Exempt from specification, packaging, shipping paper and certification,
marking and labeling and exempt from the requirements of Parts 171-178 per
49 CFR 173.421-1 and 49 CFR 173.424."

(J '"" ""* " " ''" """'"t"'"8 '"" ""- "' '"" ' "''8""" "''" *"" '"' er'""
documents. The notice should include the statement:

"This package conforms to the conditions and limitations specificc' in 49 CFR
173.424 for excepted radioactive materials, articles manufactured from depleted
uranium, UN 2909."

4) If the maximum radiation field on contact exceeds 5 p Sv/h (0.5 mrem /h) , attach the
appropriate radioactive category label (see ':, ' 4-1). Label the package with the
proper shipping name (Radioactive h. - 1, LSA, n.o.s, UN 2912) and !

complete the shipping papers in accordar u .th section 4-4-1.

t

|
!

+

1

.
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Chapter Five ;

o

Maintenance -

5-1 MAINTENANCE REQUIREMENTS .

The TIIRIl is designed to operate with little maintenance. However, periodic inspections
a re required to ensure tha t the equipment is in proper operating condition. These inspections

range from simple daily examination to more detailed inspections and procedures to be
'

completed at every source change An annual maintenance procedure must also be
completed once per year, or nore frequently if the unit has been used under severe operating
conditions. A recommended maintenance schedule is provided in Tab'e 5.1.

Allinspections should be recorded in a dedicated log book. Any component that fails an
- inspection shall be repaired or replaced before the unit is reNmed to service.

~

'

WAP.NING: Inspect all equipment prior to use. Failure to
remove damaged equipment from service may result in -
serious injury or death.

Maintenance shall be completed by trained and qualified personnel. All replacement
components shall conform to Nordion Specifications. We recommend maintenance by an
authorized sarvice depot. Contact Nordion International Customer Service for the depot
nearest ye

5-2 DAILY INSPECTION
L

The following iter.s must be checked daily to ensure safe operation.
s

- 5-2-1 Gamma Ray Projector

a) Check that the unit, the Drive Controls and the Source Guide Tube have
completed a quarterly inspection within the last three months and an annual
inspectica within the past year. lf the unit is due for one of these inspections,
complete the daily inspection procedure and refer to the appropriate section
below.

O
,
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fm b) Perform a rautine radiation survey around the WH1 projector. 'Ihe survey !-

() should be completed with the Source Guide Tube End Cap and Bayonet End
Cap installed. When loaded with 120 Ci of iridium 192 in a C-990, the radiation
field on contact with the surface shall not exceed 200 mrem /h on contact,50 ;

mrem /h 50 mm (2 inches) from the surface, and 2 mrem /h one metre (39.4
inches) from the surface.

WARNING: If radiation fields exceed the above limits,
treat the situation as an EMERGENCY. Do not proceed
further until the cause of the high field has been
determined and corrected.

c) Wipe test the external surface of the TITAN. The method used shall be capable
2 2

of detecting any contamination in excess of 4 Bq/cm (0.0001 Ci/cm ).

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 Ci/cm ) shall be quarantined and the

cause of the contamination determined. Contact your
Radiation Safety Officer for additional instructions. Do not ,

proceed further unless authorized to do so,

d) Visually examine the external surface of the unit. Verify that all warning and
identification labels are legible and securely attached and that there is no .

damage to the titanium shell.

e) Verify that the Bayonet End Cap cannot be removed from the unit while the,

k Push Button Lock is in its locked position.

f) Check the operation of the Push Button Lock. It should lock and unlock freely.

g) Check that the handle is secure.

h) Check the threads on the end cap storage tube for damage. Clean if necessary.

NOTE: The following steps should be completed during
your first exposure cycle. Refer to Chapter Three for
Operating Procedures.

i) Remove and examine the Source Guide Tube End Cap. Check the condition of
the tluuads and ensure that the lead insert and teleflex plug are secure within
it.

j) Check the operation of the Bayonet Connector. It. ' ould freely engage with the
Lock Assembly.

k) Check the operation of the Selector Ring. Ensure that it turns freely into the
' OPERATE' position and that it returns to the ' LOCK' positt m at the end of the
first exposure. Difficulty in tummg the Selector Ring into the 'CPERATE'
position indicates that some obstruction is present. Refer to 54 Annual
Maintenance.

OO
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5-2-2 Drive Controls

a) Examine the Cable Sheaths for cuts, dents and broken er loose fittings. Damage ,

to the stainless steel tube requires the Cable Sheaths be removed from service.
Damage to the yellow PVC casing may be repaired using water resistant vinyl l
tape. .

b) Verify that the plastic end caps on the Control Cable and Source Guide Tube

_

are present and in good condition. Replace as necessary.
,

c) Nordion recommends daily examination of the male connector on the Teleflex
Cable using a GO-NO GO gauge. Refer to Nordion Inspection Procedure IS/OP ' ,

0046 C000. (See Appendix B.) ,

d) Check the Pistol Grip Control for damage av kose components. Check the - {
operation of the brake. With the brake in the 'OFF' position, ensure the crank :;

'

rotates smoothly.

5-2-3 Source Guide Tube i

,

a) Examine the Intermediate and Terminating Sections for cuts, dents and broken
or loose fittings. Remove the Source Guide Tubes from service if the stainless ,

steel tubes are damaged. Damage to the yellow PVC casing may be reprired
using water resistan. vinyl tape. A

b) Verify that the plastic end caps are present and in good condition. Replace as.O necessary.

c) Examine each section of the Source Guide Tube for obstructions. Check the ,

condition of the threads. Clean or repair as necessary. .

5-3 QUAFJERLY INSPECTION '

A quarterly inspection shall be completed at every source change, or once every three i
'

months, whichever comes first. It includes a daily inspection plus the following proced ures.

WARNING: The following procedures shall only be
completed with the C-990 Source Assembly safely stored
witiJn a Source Changer. Source transfers should only be

g completed by trained and licensed personnel. ,

!

. 5-3-1 Paurce Transfer Procedure
.

'IRefer to Chapter Six and your Source Changer's User's Instructions for procedures to safely
transfer and store an active Source Assembly. Use a survey meter to check that the Source

Assembly has been safely stored. {

Once the active Source Assembly is safely stored in the Source Changer, disconnect it from ,

the Teleflex Cable and replace it with a dummy source assembly. (Demmy Source
Assemblies can be obtained from Nordion.) i5

!

'!
>
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p 5-3-2 Gamma Ray Projector
V

a) Retract the dummy source assembly into the MRO , Vei a ' hat the Selector
Ring retums to the ' LOCK' position.

b) Disconnect the source transfer hose from the MAR . Test the function of the
Interlock. It should NOT be possible to rotate the Selector Ring into the
' OPERATE' position.

c) Install the terminating section of the Source Guide Tube.

d) Remove the Bayonet Connector and disconnect the dummy Source Assembly ,

from the Teleflex Cable. Reinstall the Bayonet End Cap and verify that the
Selector Ring CANNOT be tumed into the ' OPERATE' position,

e) Remove the Bayonet End Cap. Without connecting the dummy Source -
Assembly to the Teleflex Cable, try to install the Bayonet Connector. Verify that
interference between the unconnected Source Assembly and the male connector
prevents the Bayonet Connector from being installed.

WARNING: Do not force the Bayonet Connector into the
Lock Assembly as this may damage the male connector. ,

f) Connect the dummy Source Assembly to the Teleflex Cable and install the
Bayonet Connector. Turn the Selector Ring into the ' OPERATE' position. Verify
that the Bayonet Connector CANNOT be removed from the Lock Assembly. -

- g) Perform ten test exposures using the dummy Source Assembly Verify that the
' Selector Ring snaps cleanly back into the ' LOCK' position at the end of each

exposure cycle.

h) Remove Source Guide Tube and perform a swipe test on the S-tube using a pipe
cleaner. The test method used should be able to detect any contamination in

2 2
excess of 4 Bq/cm (0.0001 p Ci/cm ),

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 Ci/cm ) shall be quarantined and the

:cause of the contamination determined. Contact your
Radiation Safety Officer for additional instructions. Do not
proceed any further unhss authorized to do so. j

,

5-3-3 Source Assembly

Retum to the Source Changer and inspect the exposed end of the Source Assembly for wear

or other damage. Use a GO-NO GO gauge in accordance with Nordion Procedure IS/OP
0046 C000 (See Appendix B). This test shallbe completed on the Source Assembly that will

'

'

be in talled in the MRQ . 1

WARNING: Any Source Assemblyfailingthistestshallnot i

be used. Use of a damaged Source Assembly could result
- in serious injury or death. .

Q
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g 5-3-4 Drive Controls and Source Guide Tube

( )Tx. ,

a) Return the dummy Source Assembly to the TITRQ projector and remove the
- Bayonet Connector.

b) Disconnect the Teleflex Cable from the Source Assembly. Clean and examine
the male connector using a CO-NO GO gauge. Refer to Nordion Procedure
IS/OP 0046 C000(Appendix B).

,

5-4 ANNUAL MAINTENANCE

Annual maintenance shall only be completed by trained personnel and requires the
purchase of a TITRQ Maintenance Kit. The contents of the kit indude an approved
lubricant, a thread sealant, nine replacement springs, two spring pins and three replacement

cover caps.

WARNING: The following procedure shall only be
completed wnh the C-990 Source Assembly safely stored

,

within a Source Changer. Source transfere, shall only be
completed by trained and iicensed personnel.

5-4-1 Source Transfer Procedure

Refer to Chapter Six and your Source Changer's User's Instructions for procedures to safely

transfer and store an active Source Assembly. Check that the source has been properly stored

using a survey meter.

Once the active Source Assembly is safely stored in the Source Changer, disconnect it from

the Teleflex Cable and replace it with a dummy Source Assembly.

5-4-2 Gamma Ray Projector
,

Annual inspection consists of the complete bmakdown, cleaning and lubrication of the Lock
Assembly. It also indudes the replacement of several springs within the Lock Assembly.

An exploded view of the Lock Assembly is provided in Figure S-1. The Lock Assembly has
three main components, the Selector Ring, the Outer Plate Subassembly and the Inner Plate
Subassembly.

The Outer Plate Subassembly consists of several pins and springs all retained by a Cover
Plate. It also indudes the Push Button Lock. The Cover Plate is attached using four
0.112(#4)-40 UNC flat head screws.

The Inner Plate Subassembly indudes the Actuator Block, the Actuator and the Actuator
Spring. These are secured to the Inner Plate by two 0.190(#10)-32 UNF cap screws. There are

also thme compression springs loosely held within slots in the Inner Plate.

The Selector Ring indudes an Actuator Pin and an Interlock Pin. The Actuator Pin is longer
than the Interlock Pin and both pins include springs that fit into_ the Outer Plate -

93 Oct - Chapter 5 - Page 5 TITAN
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.

,

A Subassembly. The underside of the Selector Ring includes three nubs that compress springs ikq.) when the Selector Ring is rotated into the ' OPERATE' position.'
,

CAUTION: Wear Safety glasses during this procedure. !

Handle all Springs with caution as they may fly Out Of the
lock assembly. :

a) Use the parts list provided with your maintenance kit to check that you have
all the components required to complete the annual maintenance procedure.

b) Retract the dummy Source Assembly into the projector. Verify that the Selector
Ring has returned to the ' LOCK' position.

c) Drill out the three screw caps from the Outer Plate of the Imck Assembly.
Removing these caps allows access to the three 0.25-20 UNC socket head cap ,

screws that hold the lock assembly to the TITINI .

d) Remove the three socket head cap screws. Remove the complete Lock
Assembly, Disassemble it slowly, taking care not to lose any pins or springs.

:

NOTE: It is easier to remove the complete Lock Assembly
ficm the TitCil1 prior to disassembling the Lock
Assembly,

'

e) Check for cracks or other such damage to the epoxy foam.

. #10 SCREWS 9) 'INNER P TE SUBASSEMBLY
- s ,.g/

PlVOTPIN Ng %

*\ '

s PIN HOLES

ACTUATOR BLOCK T Qj o
1

- INTERLOCK PIN

ACTUA1DR ! 0'/ ~#/ PIN SPRING

ACTUATOR SPRING h'
..#

'

/
j ,, '

Nb / OUTER PLATE SUBASSEMBLY
,,/ -Q'g '' .. g ,,%,.x ,

,- LOCK PIN,-

!
_

y g

' / ,. g
*

p
INNER PLA' E \v , gy SPRINGST LOCKING BAR ,

-- ,

''
COMPRESSION SPRINGS (3) /

' / b' o /,' OUTER PLATE'

/ [ %SELECTOR RING p .

O ,-

/ CAMFOL1DWER |
' '

| '
ACTUATOR PIN

'-

COVER PLATE PIN SPRING

[hff~a 0 -)
~ ~ ~ " ~

1/4*-20 SCREWS (3).
,

\ s

BAYONET END CAP

BAYONET CONNECTOR

Figure S-1 1

\ Exploded View of LOCK Assembly |

1

|

!
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? Inner Plate Subassembly

h~ .
f f) . Remove the two screws from the Actuator' Block and disassemble it. Clean the '

Actuator and the Actuator Block. Discard the old Actuator Spring. Check for j
excessive wear in the Actuator using the dummy Souxe Assembly. It should .
be IMPOSSIBLE to pass the locking ball through the Actuator. ;

g) Clean the Inner Plate.
'

_h) Lubricate the Pivot Pin with Felpro CSA and place the' Actuator in the Actuator: j
Blc,ck. Ensure that the Spring Counterbore faces the Inner Plate. Install the new y .

Actuator Spring in the Inner Plate. Place the Actuator Block in the register on: i
the Inner Plate, taking care to align the counterbore with the spring. Use the . ~?

thread sealant provided in the maintenance kit to install the two #10 Cap -
Screws. :

Selector Ring

i) Clean the Selector Ring, the Actuator Pin and Interlock Pin. Check the fit of the l
pms in their respective slots. They should move freely within the slots and

,

i

should smoothly engage in their holes. Check for wear around the base of the
head of the pins.

j) Check for burrs and sharp edges on the Selector Ring and,if necessary, file them
off.

k) Check the condition of the three nubs on the underside of the Selector' Ring.
Ensure that they are secure within Be Selector Ring.

.

Outer Plate Subassembly
,

'
1) - Check the operation of the Push Button Lock and replace it if necessary. -

m) Remove the four cover plate screws and the cover plate. Use caution as the
,

Cover Plate retains three loaded compression springs.

n) Remove and clean the locking Bar, Lock Pin and Cam Follower. Clean the - :h
Cover Plate and the Outer Plate. Ensure that the slots for the Locking Bar, Lock .

'

Pin and and Cam Follower are thoroughly cleaned.

c) Replace t' e Lock Pin Springs and Cam Follower Spring with the new ones
provided in the maintenance kit. Lightly lubricate the pins with Felpro CSA and - .)
reinstall them in the Outer Plate. Using the thread sealant provided in the
maintenance kit, install the cover plate using the four #1 screws. Ensure that the '

,

screws are flush with the surface of the cover plate. j
,

NOTE: If the screws protrude from the Cover Plate, they
mayinterfere with the smooth rotation of the SelectorRing.;

i

p) Lightly lubricate the Inner Plate includhg the three compression spring slots |
and the internal surfaces of.the Selector Ring. Install new compression springs 1

in the slots of the Inner Plate as shown in Figure 5-1. Leave the free ends of the 'I
springs extended from the slots.

~

NOTE: The Selector Ring Parts are precision machinede

} ,' . components. Too much grease will cause interference.
Use only a very thin film oflubricant.

1

I
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.,q q) Align the Pin Slots in the Selector hg with the Pin Holes in the Inner Plate.

Q Rotate the Selector hg so that the three nubs engage the exposed compression
springs on the Inner Plate. Iower the Selector hg onto the Inner Plate until ,

the Compression Springs and the Selector hg snap into position. Verify that
the Pin Slots are aligned with the Pin Holes. The Selector hg should now be
in the ' LOCK' position.

r) Rotate the Sekdor hg toward the ' OPERATE' position and install the dummy
Source Assembly. ,

s) Lightly lubricate and install the Actuator Pin and the Interlock Pin.The Actuator
Pin is longer than the Interlock Pin and goes in the Pin Hole aligned with the :

end of the Actuator. It should not engage its hole at the end of its slot when the
Selector hg is in the ' LOCK' position. The Interlock Pin should engage in its
hole.

t) Install new pin springs in the heads of the Actuator Pin and Interlock Pin.>

u) Lightly lubricate the outer diameter and flange rf the Outer Pla" bassembly
and mount it on the Selector hg. Ensure that tne Pin Springs .e asigned with
the holes in the Outer Plate. If necessary, depress the Locking Bar until the Outer
Plate snaps into position.

v) Using a thread sealant, reinstall the Lock Assembly using the three 1/4 - 20
socket head cap screws. Torque each screw evenly to 80-90 in lbs.

,

, PISTOL GRIP !

(

) LOCK NUTS (4)

[ LOWER CONTROL box HOUSING;

#& R, WEAR STRIP
'

.f oEAR WHEcL

~ 'g UPPER CONTROL DOX HOUSING

k !& . HAND CRANK ,

/ Id q \ '

.[Aj'N, \l-

CABLE SHEATH (EXPOSE SIDE), - ,0 ['.

BRAKE A ' ;

49% k @|g %%i ~
'f ', *

XN ' BRAKE BEARING CABLE AoAPTER(2) % 516' HEX HEAD MT
'~

/ Q /y
,

/
p DRAKE JAWS (2) Ball BEARfNOS (2)

CABLE SHEATH (RESERVE SIDE) #10 CAP GCREWS (4)

Figure 5-2
Exploded View of Pistol Grip Control j
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w) Perform a quarterly inspection to verify the function of the reassembled unit .{ ,

a

and all safety features. Once the quarterly inspection has been successfully
completed, install the three Screw Cover Caps using the sealant provided in the
maintenance kit. .

5-4-3 Drive Controls

Annual inspection of the Drive Controls consists of the complete breakdown, cleaning and -
lubrication of the Pistol Grip Assembly, the Control Cable Sheaths and the Teleflex Cable.

An exploded view of the Pistol Grip Control is provided in Figure 5-2. Its main componentsl h Brake?
are the Pistol Grip, the Hand Crank, the Control Box Housing, the Gear Whee , t e
and the Wear Strip.

In a cican area, straighten out the Control Cable Sheath. Pull out and coil the
+

Teleflex Cable until you feel some resistance. This indicates that the Stop Springa)

has engaged the gear wheel. Do not use excessive force as this may damage' the
stop spring or the gear wheel.

'%o
:w

k)
,

-

mar
eIK. g

!
4 - - . _'

^% :w a s. :

I_',
~_

q'
.

j
s

;
i

s
.

Me

O Figure 5-3 -

Examples of Teleflex Cable Defects i
|

1

I

TITAN
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| NOTE: The Teleflex Cable coil diameter should not be
,

less than 30 cm (12 inches).
.

b) Disconnect the Reserve Tube from the Pistol Grip . Assembly and remove the !

Stop Spring. This allows the rest of the Teleflex Cable to be removed from the
PistolGrip Assembly. {

c) Examine the Teleflex Cable for Links and frays. Examples of Teleflex Cable ;

Defects are shown in Figure 5-3. If no damage is observed, clean the drive cables
using a brush and a degreaser.

WARNING: Use of damaged Drive Controls increases the
risk of a stuck source. '

d) Clean the male connector and check that the crimped connection between the
male connector and the Teleflex Cable is secure. Examine the male connector
using a GO-NO GO gauge. Refer to Nordion Procedure IS/OP 0046 C000 (See
Appendix B). ,

e) Remove the Bayonet Connector from the Control Cable Sheath and check that
it swivels freely. Remove the spring pins, clean and lubricate the moving parts
with Felpro C5A. Reassemble using the new spnng pins provided in the
maintcnance kit.

. f) Label the Cable Sheaths and remove them from the Pistol Grip. (Labels are i

necessary to replace the Cable Sheaths in the same orientation.) |
'

g) Flush both Cable Sheaths with a solvent degreaser. Blow compressed air
through the sheaths until they are dry.

CAUTION: Perform this operation under well ventilated
conditions nnd in accordance with the degreaser
manufacturer's safety procedures.

h) Soak a cloth with solvent degreaser and wipe the external surfaces of the Cable
*

Sheaths while checking for cuts, dents or other such damage. Verify that the
Cable Sheaths flex smoothly and easily without crunching. Damage to the
stainless steel tube requires that the Cable Sheaths be removed from service.
Damage to the outer PVC casing may be repaired using water resistant vinyl
tape. *

i) Check the area around the Cable Sheath Connectors for damage. Ensure that
the Connectors are securely fastened to the Control Cable Sheath. ,

j) Verify that the Cable Sheaths are 25 It. (7.6 m) long.

'5-4-4 Pistol Grip Control
,

:

CAUTION: Wear safety glasses while performing this
procedure. The Pistol Grip Contro! contains a Wear Strip

.
that may fly out once the Control Box Housing is opened.

a

Maintenance Chapter 5 - Page 10 . 93 Oct
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,

.J a) Remove the V16 hex head bolt and the washer from the Hand Crank. This -
'

' allows the Hand Crank to be removed form the Control Box Housing.

b) Remove the four #10 round head cap screws from the Control Box Housing.

c) While holding the Cable Adapters, SLOWLY remove the upper Control Box
Housing.

d) Remove and clean the Wear Strip.

e) . Remove and degrease the Gear Wheel Check for bent or broken teeth.'

WARNING: Damaged Gear Wheels increase the risk of a
stuck source. Replace damaged components priorto use.

f) Remove and clean the Cable Adapters.-

h) Remove and clean the brake arm, brake jaws and brake bearing.

i) Clean both halves of the Control Box Housing. Check that the ball bearings tum
freely.

j) Install one Cable Adapter in the lower Control Box Housing.

k) CAREFULLY place one end of the Wear Strip against the installed Cable
Adapter, and fit the Wear Strip in the track provided in the Control Box
Housing.

1) Install the other Cable Adapter.

- m) Install Gear Wheel Washers on each side of Gear Wheel Shaft, and install the
Gear Wheel in the Control Housing. Take care not to contact the Wear Strip as

.'

this may cause it to fly out of the track. '

n) Replace the brake jaws brake ann and brake bearing as shown in Figure '5-2.

o) Install the upper Control Box Housing and check that the Gear Wheel spins
freely.

p) Reinstall the four #10 cap screws and lock nuts throgh the pistol grip and
Control Box Housing,

q) Replace the Hand Crank and washer using the Y 16 hex head bolt.

r) Install the Cable Sheath on the Cable Adapter that fits on the ' EXPOSE' side of -
the Pistol Grip Assembly. It should be replaced in the same orientation it was ,

in at the start of this procedure. Do not install the Reserve Tube. ,

s) Replace the Bayonet Connector.
'

t) Lightly oil the Teleflex Cable, place it into the Cable Sheath and feed it into the.
Control Box Housing. Tum the crank to expose a short length of the Teleflex ' >

Cable on the ' RETRACT' side and reinstall the Stop Spring.

u) . Reinstall the Reserve Tube. .

i

v) -- Replace cable ties as necessary.
.

.

:qg q

u
!

)
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|

A)'5-4-5 Source Guide Tubes% ,

a) Soak a cloth with solvent degreaser and wipe the external surfaces of the Source - |
Guide Tubes while checking for cuts, dents or other such damage. Verify that ]
the Intermediate and Terminating Sections flex smoothly and easily.without
crunching. Damage to the stainless steel tube requires that the Cable Sheaths be ~
removed from service. Damage to the outer PVC casing may be repaired using |

Water resistant vinyl tape.

b) Check the area around the fittings for damage; Ensure that the fittings are '
securely fastened to the Intermediate and Terminating Sections. Verify that the ,

threads on the fittings are undamaged. -|

c) Soak a swab in solvent degreaser and run it through the Source Guide Tube
,

until it emerges clean. Ensure that no foreign material remains in the tubes. :

d) Drop a dummy Source Assembly through the Source Guide Tube. It should I

pass freely through the length of the Source Guide Tube and into the Source
Stop.

,

e) Verify that the Intermediate and Terminating Sections an. 7 feet (2.1 metre)long.

;

I
.g

O
;

.

4

}

i

i

i
!
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TABLE S-1
-

k TftRfl . Recommended Maintenance Schedule

Step LEGEND: Daily Quarterly Annual
X = Required gg ,
R = Recommmded

d '

- = Not Regtured |

Gamma Ray Projector

1 Check due date for quarterly and annual X - -

inspection

2 Complete radiation survey X X X q

3 Check external surfaces for contamination X X X

| 4 Check labels and general appearance X X X

5 Check function of Push Button Lock X X X
_

6 Check that handle is secure X X X

7 Check End Cap Storage Tube X X X

8 Check Condition of Source Guide Tube X X X
End Cap

:

9 Check engagement of Bayonet Connector X X X. ;
;

.p 10 Check for smooth operation of Selector X X X.() Ring

11 Verify function of Interlock X X-

12 Verify that Selector Ring cannot be turned X X-

into OPERATE with End Cap installed

13 Verify that Selector Ring cannot be turned X X-

into OPERATE if Source is misconnected

14 Verify that Bayonet Connector cannot be X X-

removed with the Selector Ring in the
OPERATE position

15 Perform ten test exposures with dummy X X-

Source Assembly

16 Check the S-tube for contamination - X X

17 Check contents of maintenance kit X- -

18 Dreakdown, clean, replace springs and
'

X- -

seassemble Lock Assembly

Source Guide Tube

1 Check external surface for damage X X X

2 Check fittings X X X

.. 3 Check condition of plastic end caps X X X

4 Check for obstructions X X X

5 Pass dummy Source Assembly B X X;

03 Oct Chapter 5 Page 13 - TITAN .
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' TITfM1 Recommended Maintenance Schedule(d'

Step LEGEND: Daily Quarterly Annual
X * Required (Soure ;

R = Recommended g ,,g,)
- = Not Required

6 Verify length R R X

Drive Controls

1 Check external surface for damage !X X X

2 Check condition of plastic end caps X X X

3 Check Pistol Grip Control for damage or X X X
loose parts

4 Check swivel on Bayonet Connector R X X

5 Clean, inspect and oil Teleflex Cable R X-

6 Remove and clean Cable Sheaths - - X '

7 Check Cable Sheath Connectors R R X

8 Verify Length X X-

9 Breakdown, clean and reassemble Pistol - - X
Grip Control

D 10 Check Gear Wheel for damage - - X
L]

Source Assembly Maintenance Summary

item Frequency Maintenance

1. Weekly CLEAN male and female connectors.
LUllRICATE female connector.

2. Weekly CIIECK functioning of source locking collar

3. Monthly INSPECT source and drive cable connectors using the
test gauge

4. As required VERIFY length of teleflex drive cable

5. As required CLEAN radiography equipment

6. As required RECORD all maintenance and repairs in the log book

|

O !
!
l
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Chapter Six

Source Chaneer
,

6-1 GENERAL

This section describes the storage and shipping of radioactive Source Assemblics and is
applicable to all gamma radiography sources contained in a Source Changer. Cource
Changers are used to transport riew and depleted sources to and from Nordion and the
customer.

WARNING: The C 990 may only be shipped in a licensed
Source Changer. Ensure that your changer is licensed for
the C-990. If in doubt, contact Nordion international Inc.

.Ov 6-2 CHANGING A SOURCE

6-2-1 Regulations

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods
(TDG) Regulations and the Transport Packaging'of Radioactive Materials Regulations,
SOR/83-740, including all amendments.

|

United States-In the United States, the transport of Radiography Projectors and Source
Changers is govemed by 10 CFR Part 71, and 49 CFR Parts 171 through 179.

)

International-IAEA Safety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials intemationally. .i

6-2-2 Prerequisite for Changing a Source
;

The user must be trained and qualified to carry out a source change. The operator must carry
a TLD, direct reading dosimeter, and alarm. The operator must also use a calibrated area
radiation survey meter that is capable of measuring from 0.02 mSv/h (2 mrem /h) to 100

mSv/h (10 rem /h).

f~\

-!
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= /N 6-2-3 . Receiving Source Changers
u

When shipping a radioactive package, the consignee must make arrangements for receiving

prior to sh:pment. Upon notification of arrival, the package shallbe promptly picked up at
the carrier's termir al.

a) Upon teceipt of the Source Changer, measure the radiation fields at the surface
of the package and at 1 meter. These should not exceed 2 mSv/h (200 mrem /h)
at the surface and 100 Sv/h (10 mrem /h) at 1 meter.

WARNING: if the package has been damaged and the
radiation fields exceed these limits, treat the situation as
an EMERGENCY. Isolate and secure the package in a
restricted area. Contact the appropriate authorities and
your Radiation Safety Officer. See 7-2-Emergency'

Procedures.
*

,

b) Inspect the Source Changer for damage. Check the condition of the wire seal.

WARNING: If the package has been tampered with or
damaged, contact your Radiation Safety Officer for further
instructions. Do not proceed further unless authorized to
do so.

c) Record the radiation levels in the receiving report. Enter the isotope (iridium
192), activity, source model number and serial number. In addition, record the
model number and serial number of the Source Changer.

d) Read the User's Instructions that accompany the Source Changer.

6-2-4 Source Changer

Many different models of Source Changers may be used for changing a source. Please refer
to the User's Guide that comes with the Saurce Changer.

6-2-5 shipping

Refer to your Source Changer's User's Instructions for directions on preparing your Source
Changer for transport.

WARNING: Never t hip a Source Changer that has been
tampered with or damaged. Ensure that your Source
Changer is licensed to carry the C-990.

O
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Chapter Seven

Safety

7-1 GENERAL -

As an operator, you are required to operate the IIIM in accordance with this manual and
local / national regulations. The operating instructions and information presented here are
intended only for the use of licensed personnel. Read and fully understand this manual

1

before beginning operations. You are advised to:

. operate the equipment according to the instructions contained herein, .

observe all CAUTIONS and WARNINGS,.

ensure proper maintenance of the equipment,.

D- ensure that only properly instructed personnel are permitted to operate theTIIM ..

As an operator of the IIIM , you are required to have the quahfications specified jointly f

by your Local Regulatory body and Principal Owner licensee.

7-1-1 Safety Features !

,

The TITM incorporates an important new safety feature for Gamma Ray Projectors. That
is, you cannot release the source from the Gamma Ray Projector unless you have secured
both the Source Guide Tube and the Drive Controls. This feature significantly reduces the ,

possibility of an accidental source disconnect through operator error. .

7-2 EMERGENCY PROCEDURES

7-2-1 Operating Emergencies

WARNING: DO NOT handle an unshielded source.
Sources emit high levels of radiation . Close contact may
cause severe injury or death.'

i

In the event of an emergency, STAY CALM and consider the proper course of action. The ,

'/O following steps should be completed before any remedial action is taken:
<V.

i

l

!
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gg - a) ' Immediately move away from the exposed source. i

b Increasing the distance between yourself and the radiation source decreases '

your radiation dose. DO NOT PANIC if you cannot inunediately shield the
source.

. .

b) Establish a restricted area.
!Using a survey meter, check the restricted area boundaries and adjust them if

necessary. Ensure that no one enters the restricted area. Do not leave the
.

restricted area unattended.
'{

c) Get Assistance

Remain in the area until help arrives and someone is able to provide assistance.
Arrange to have your Radiation Safety Officer (RSO) contacted.

d) Wait for Qualified Personnel to Arrive |

Well planned remedial action usually makes it possible to retrieve a source with ' ,

little operator exposure. Source retrieval should only be performed by specially #

trained personnel. DO NOT ATTEMPT ANYTHING THAT YOU HAVE NOT
BEEN TRAINED TO DO. If necessary, contact Nordion International Inc., at
1-800-267-6211.

7-2-2 Transport Emergencies

The following emergency procedure does not apply to vehicle malfunctions wh e it can be '

readily determined that the radioactive material and the TITAN have not been < isturbed.-
I
'(

In the event of a transportation emergency, do not leave the vehicle unattended. Arrange - ;

for a passing motorist to contact police. 4
.

When obtaining assistance in the case of an emergency, the information contained in
,

shipping papers and emergency procedures should enable responsible persons to prepare
a timely and effective response. Ensure that this information is kept in a readily accessible |

t nd visible area in the transport vehicle.

Transport regulations require carriers, organizations or persons transporting a radioactive '!
material package that is involved in an accident to notify the appropriate authority that an ;

accident has occurred in the area under their jurisdiction. Appendix C contains a list of
appropriate agencies.

:

Accidents *

i

In the event of an accident, the following steps should be taken;

a) Render first aid,if necessary.

b) Perform a radiation survey. Set up a restricted area if the source becomes
expmed.

c) Notify the police. DO NOT LEAVE THE PACKAGE UNATTENDED. Arrange
.

for a passing motorist to get help. Indicate if an ambulance is required. |j
~

d) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring
'

. that the police will keep unauthorized pen.onnel outside the restricted area.

|
Safety Chapter 7 Page2 93 Oct
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.. agencies (See Appendix C.)
'

~]e) Arrange for yum- Rad.iation Safety Officer to contact the appropriate regulatory:: s2

-

f) ' Delay clean up until properly trained personnel arrive. |)

Fire- ]

In the event of a fire, the following steps should be taken; -
1

a) Render first aid,if necessary. j

b) Small fires can be ex tinguished with dry chemical (CO2) ex tinguishers and large
fires with foam or water from UPWIND, and at a maximum distance. Fumes '
should be assumed to be toxic. Large fires should be left to trained firemen. .

c) Perform a radiation survey. Set up a restricted area if the source becomes
exposed.

d) Notify the police. DO NOT LEAVE THE PACKAGE UNA1 TENDED. Arrange . |
for a passing motorist to get help. Indicate if an ambulance is required.

e) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring'
l
:

that the police will keep unauthorized personnel outside the restricted area.

f) Arrange for your Radiation Safety Office to contact the appropriate regulatory
agencies. (Sce Appendix C.) -

'
g) Delay clean up until properly trained personnel arrive.

o :
&
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Chapter Eight

Warrant

8-1 TITAN WARRANTY

Nordion International Inc. makes the following warranties with respect to its products:

1. Sealed Sources:-Scaled sources shall conform to current Nordion specifications and
shall be free from any material defect in workmanship or materials at the time of delivery.-

IL Equipment: Nordion internationalInc.-Gamma Ray Projectors and peripheral
equipment will be free from any material defect in workmanship or materials for a pened
of one (1) year from the date of shipment of product to customer.

Ill. Paris: -Replacement parts supplied by Nordion shall be free from any material defect
aO in workmanship or materials for a period of thirty (30) days from the date of shipment of

product to customer.

Nordion's only obligation with respect to the warranties herein shall be to repair, or at its
sole discretion, to replace defective products or parts thereof.

Customer shall return product to a Nordion authorized repair centre for repair or.
replacement, freight prepaid. Customer shall be responsible for preparing the product for
shipment in accordance with local laws and regulations.

Under no circumstances should the customer return product to Nordion International Inc.
without obtaining a product return authorization (P.R.A.) number from Nordion.

All warranty obligations of Nordion InternationalInc. shall cease and have no effect if the
products are subjected to accident, abuse, misuse, alteration or neglect.

The warranties contained herein are expressly in lieu of and exc!ude all other express or
implied warranties including, but not limited to, warranties of merchantibility and fitness
for a particular purpose, use or application.

'

c
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g8-2 TITAN -INSPECTION AND RETURN OF PRODUCTS

All shipments shall be inspected on receipt by the buyer unless otherwise instructed by
Nordion International Inc. Any defects shall be promptly communicated to the shipper and
Nordion International Inc. in writing within ten (10) days of receipt of the product. No
product shall be retumed without a Nordion product retum authorization (P.R.A.) number.
Products retumed shall be at the buyer's sole risk and expense. The buyer shall pay a
re-stocking charge in respect of such products.

8-3 LIMITATION OF LIABILITY

Nordion's liability to the buyer for damages, howsoever caused, shall not exceed payment

actually received by Nordion International Inc. for the product furnished, or to be fumished,
as the case may be, and in no event shall Nordion International Inc. be liable for indirect,
contingent, special or consequential damages (including loss of profit).

8-4 INDEMNITY

Customer shall indemnify Nordion for, and save Nordion harmless from, alllosses, costs
or damages suffered or incurred in respect of damage or destruction of property, personal

injury or death which may be caused by or arise from, either wholly or in part, the use of

p products or customer's negligence, acts or omissions.
QJ

|
G

,

Warranty Chapter 8 - Page 2 93 Oct



.

I

Users Manual - IS/OM 0090 N990 (REV B)
.

u'f s

!

- Appendix A

Troubleshootin.

SYMPTOM PROBLEM SOLUTION

Cannot turn Selector Key is locked. UNLOCK key.
Ring to ' OPERATE'.

~

-

Bayonet Connector is CHECK first to ensure
not connected properly, that Source Assembly is

properly connected.
CONNECT Bayonet
Connector. See 3-4-3
Operation Procedures
" Connecting the Drive -
Controls."

Source Guide Tube is CONNECT Source
'

not connected. Guide Tube. See 3-4
Operation Procedures.

Selector Ring does not - Teleflex Cable is RELIEVE compression
easily turn to the pushing against inner by turning Pistol Grip '
' OPERATE' position, platein Lock Assembly. Control crank clockwise. <

Lock is contaminated CLEAN projector. See
with foreign material. Chapter Five -

Maintenance

Selector Ring snaps Teleflex Cable has RELIEVE tension by
back to the ' LOCK' < sengaged the Stop Pin ' turning Pistol Grip

'

position when turned to from the Selector Ring. Control Crank
' OPERATE'. counterclockwise.

Selector Ring does not Source is not fully RETRACT source fully.
'

snap back automatically retracted.
to ' LOCK' when the
source is retracted.

Source Asse_nbly or REPLACE damaged .

Teleflex Cableis Source Assembly or
damaged. Teleflex cable. Always

use a survey meter- '

when approaching the
projector.See 71
Emergency Procedures.. !4

Lock Assemblyis CLEAN projector. See -
contaminated with Chapter Five i

foreign material. Maintenance.

93 Oct .. Appendix A- Page 1 TITAN
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(m
h( * ../ SYMPTOM PROBLEM - SOLUTION :

;g,i :

' Cannot connect Teleflex . Source Assembly Lock : LUBRICATESource -,

Cable to Source - . Fin has seized. Assembly Lock Pin. See
- Assembly. - ; Chapter Five . s;

Maintenance.

i< Source Assembly REPLACE Source
g Connector orTeleflex . Assembly and/or .

Cable Connectoris Teleflex Cable.
[ damaged.
n-

| : Cannot connect Bayonet Teleflex Cable has not CONNECT Teleflex
- Connector to the been connected firstic Cable to Source End.

S Gamma Ray Projector. the Source Assembly. Connector.'
'

Cannot disconnect Sourceis not fully : RETURN source to
Bayonet Connector, shielded, fully shielded position

by turning Pistol Grip
Control Crank.g

Selector Ring has not ROTATE the Selector
fully retracted to the Ring completely '

, ' LOCK' position. clockwise. Always use a

p: survey meter when
approaching the =

i projector.

Push Button Lockis UNLOC Ush Button
,..r'l locked. Lock with Aey.
i kJ'' Pistol Grip Contmlis Brake is engaged on ' UNLOCK Brake.-

. difficult to turn.' Pistol Grip Control.

I!.'
Pistol Grip Controlis CLEAN Pistol Grip

. contaminated with - Control and re > lace any
b.) foreign material. . damaged parts! See -'

K Chapter Five
F Maintenance.

Ir Teleflex Cahic is . REPLACE Teleflex ,

b kinked, frayed _or Cable. See Chapter -
p other..ise damage '. Five Maintenance.

-

,; P..
-

i: Cable Sheath or Source .- ADJUST Cable Sheath
L Guide Tube is kinked,. or Source Guide Tube.
f crushed or otherwise See ChapterFive

b : dunaged. Maintenance.

.

H
j ~

j:

h '
%

-y

y e/

p N1

3.$ '
y jb -

y
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OPERATING PROCEDURE IS/OP 0046 C000 (REV B)

p 1 SCOPE 2 GENERAL INSTRUCTIONS FOR
O CONNECTORS AND SOURCES

This document describes the maintenance procedures for
Nordion cable-type radiography sources. The test gauge It is recommended that you perform the following steps :
(Figures 3 and 4)is used to test the operation of DS98 and as a matter of habit. If your radiography equipment is in
DS99 connectors for the cable-type radiography sources high use, it is advisable to perform these steps more
listed in Table 1. frequently than indicated. ,

Table 2 summarizes these detailed procedures.
'

WARNING

Source Female Male
Type Connector Connector Always check that the source is

secured in its shielded position in the

C-337 D898F D898 Gamma Ray Projector or Source
Changer before performing any

C-340 D899 D898 maintenance action.

C-343 D899 D898
(1) Clean both male and female connectors weeldy,

,

C-359 | D899 D898 using any high grade commercial organic
solvent.

C-361 D899 D898
(2) Lubricate the female connector weekly, using a

C-990 D899 D898 light oil such as WD-40.

(3) Check weekly that the spring loaded locking
collar is functioning properly (see Figure 1). ,

'

Ensure that it returns to the fully closed position
after it has been released.

Table 2
Maintenance Summary j

lte m Frequency Maintenance
I ,

1. Weekly CLEAN male and female connectors.
LUBRICATE female connector.

2. Weekly CHECK functioning of source locking collar
:

3. Monthly INSPECT source and orive cable connectors using the test gauge

4. As required VERIFY length of tr!sfiex drive cable

5. As required CLEAN radiography equipment

6. As required RECORD all maintenance and repairs in the log book

O !

1 of 4 93 SEP
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OPERATING PROCEDURE IS/OP 0046 C000 (REV D)

5) Verify that the length of the remote control driveO QCoN ECMR Cable is Correct (see Figure 2). Disconnect the
reserve side of the remote control sheath from
the end plug. For a 25 foot remote control, when
the drive cable is fully retracted, the end of the

' '

teleflex cable should be 8 inches short of the end
g- ) )| @ of the reserve sheath. Remember to install the,

stop-spring when adjusting or replacing the
drive cable. This procedure is particularly
important for users of the Nordion TITAN

LOCKING COLLAR Gamma Ray Projector or other projectors that
automatically secure the source. The cable
length must be checked once on existing

Figure 1 equipment and then only when the drive cable
liS rep aced.Operation of locking collar

4) Inspect the source end connector and drive cable 6) Keep your drive controls and source guide tubes
male connector monthly according to the clean and dry. Always clean your accessories
procedures of Section 3. Remove the source or inside and out after working in a harsh
drive cable from service if it has been damaged environment.
or fails any of the tests described in Section 3.

7) Always store your radiography equipment in a
WARNING clean, dry and secure storage area.

8) Follow the maintenance procedures and user'sNever use your Nordion source with instructions in your gamma projector'sanything other than a Nordion male

O operating manual. Record all maintenance in the
connector on the end of your drive equipment log book.
cable,it is dangerous to use other
manufacturers' male connectors with

9) Call Nordion Customer Service if you have
Nordion sources. questions or problems with any of these

procedures. 1-800-267-6211.
,.%,

I.~

DRIVE CONTROL SHEATH

NEW
.

-E
i , p; . /,

'/

,wa,,
k ?m e

s '' -~|
p/ END PLUGi "- o

STOP SPRtNO i

I O'.
i'N I.(( /

\/
RESERVE SHEATH -

~ l PIECE OF Oth DRIVE CABLE
USED FOR MEASUREMENT PURPOSESg

(S INCHES) \
'

\ '4 1 /

N

g N
Figure 2: Measure Drive Cable

|

t
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. OPERATING PROCEDURE IS/OP 0046 C000 (REV B)

;

o 3 TEST GAUGE INSTRUCTIONS (5) _ Place the male connector parallel to the plane of - 1

G the test gauge. ;
'

CAUTION
Do not attempt toforce the connectors Ihrough (6) Check that the connector DOES NOT go }
any of the holes or slots of the test gauge. This through opening "C". Should the connector pass
may damage the connectorand cause through opening "C", this would indicate that
unnecessary wear to the test gauge. the neck had been stretched, due to excessive

pull force.

Check the source connector and the drive cable connector
monthly using the test gauge. The connectors must pass 3-2 Female Connector (See Figure 4)
all of the following tests. If a connector fails one or more

NOTE ,

of these tests,it must be removed from service '

immediately. Use the D899 side ofihe test gauge to test all

female connectors listedin Table 1. ;

3-1 Male Connector (See Figure 3)
(1) Place the female connector perpendicular to me

NOTE plane of the test gauge.
Use Ihe DS98 side ofIhe test gauge Io perform

all of the tests on the male D898 connectors. (2) Check that the connector DOES pass through
hole "D". Should the connector not pass

mug s wouWndcate stM of,

(1) Place the male connector perpendicular to the the connector due to excessive pull force.
plane of the test gauge.

NOTE
(2) Check that the ball DOES NOT pass through On the C-990 source assembly there is a roll

hole "A" Should the ball pass through hole pin pressed Ihrough Ihe cource just above ihe
'', this would indicate excessive wear on the notch in the connector. It is not necessaryfor

* this pin to pass through hole "D" on the gauge.

(3) Plas the male connector perpendicular to the
plane of the test gauge. (3) Place the female connector parallel to the plane

of the test gauge.

(4) Check that the neck DOES NOT pass through
slot "B". Should the neck pass through slot "B", (4) Check that the connector DOES NOT fit on pin

'

this would indicate excessive wear on the neck. "E". Should the connector fit on pin "E", this
would indicate excessive wear of the female
connector.

m, r ,

b D RA v

O V '

g c e= ,
NO GO NO GO NO GO

GO Q899 NOGO

O o* *

O^ O :

LJ O >< . . .

Figure 3 Figure 4

O Gauge Orientation for Male Connectors Gauge Orientation for Female Connectora

.]
.
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c'') REFERENCES
G? ,

1. Nordion Engineering Drawing, A16843,
D898, D899 Connector Test Gauge.

2. Nordion Engineering Drawing, A17714,
. Connector Body Female (D899).

3. Nordion Engineering Drawing, A16828,
Connector Body Female (DS98F).

t

4. Nordion Engineering Drawing, A16832, '

DS98 Male Connector, Cable End.
,

,
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Appendix C

Res ulato Asencies ;

C-1 CANADA
:

AREA REPRESENTATIVE PLACE TELEPHONE
>

National Atomic Energy Control Board Ottawa 613 995-0479

Transport Canada Ottawa - 613 996 4 666

Environment Canada Hull 819 997-3742

Newfoundland Dept. of Employment & Labour Rr' tions St. John's 709 729-2644

Prince Edward PI.1. Dept. of Health Charlottetown 902 368-4996

Island & Social swices
'

Nova Scotia NS Dey4.of Health Halifax 902 424-4077 <

;

V New Brunswick N.B. Dept. of Health - Lab Fredencton 506 453-2067

N.B. Dept. of Health Fredericton 506 453-2933
,

St. John Regional Hospital St. John 506 648 4 852 1

Quebec Atomic Energy Control Board Laval 514- 667 4360

Ontario Ontario Ministrv of Labour Toronto 416 235-5922 ]
Atomic Energy Contml Daard Mississauga 416 821-7760 ;

Marutoba Department of Environment, Winnipeg 204 945-7008 !

~]Work Place Safety and Health 204 945-7039

204 944-4888
l

Saskatchewan Department of Labour Regina 306 787-4538 )
306 933-7775

'

Uruversity of Saskatchewan Saskatoon 306 966-4675

Alberta ComplianceInformation Centre Edmonton 403 422-9600

Atomic Energy Control Board Calgary 403 292-5151

Alberta Labour Edmonton 403 427-2691

Bntish Columbia B.C. Ministry of Health Vancouver 604 6604633

Environmental Health Protection Services Vancouver 604 6604633

Radiation Protection Services Vancouver 604 660 4 633 ,

l

Northwest N.W.T. Pollution Contml Division Yellowknife 403 873-7654

Terntories N.W.T. Occupational Health
& Safety Dnv. ion ~ Yellowknife 403 873-7468

j

l

k
1

|

|
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| nC-2 UNITED STATES
L U-

AGREEMENT STATES Kansas 913-296-1542 North Carolina 919-7414283
Bureau of Air Quahty and Department of Environment, Health

A state that has an agreement with the Radiahon Control and Natural Resources Division
NuclearRegulatoryComnussi n Department of Health and Environrnent of Radiation Protection
allowmg the state to regulate certam Forbes Field, Builing 321 P.O. Box 27687 Raleigh,
activines usmg radioachve matenals, for Topeka, Kansas 66620 North Carchna 276017687
example, gamma radiography unmg
indium-192 or cobalt-60 sources- Kentucky E564-37U0 North Dakota 701-224-2348

g
Alabama 205-261-5313 Department of Health Semces . Radiological Health Program
Bureau of Radiological Health Cabinet for Human Resources State Department ofIlealth
Environmental Health Admmistration 275 East Mam Street 1200 Missouri Avenue
Room 314. State Office BuildinS Frankfort, Kentucky 40t,21 Bismarck, North Dakota 58502-5520
Montgomery, Alabama 36130

Louisiana 504-925-4518 Oregon 503-229-5797
Arirona 602-255445 Nuclear Energy Division Radiation Control Sechon

,

Anzona Radiahon Regulatory Agency Office of Air Quahty and Nuclear Energy Department of Hunum Resources
4814 South 40th Street P O. Box 14690 1400 South West Fifth Avenue
Phoenix, Arizona tl5NO Batan Rouge, louisiana 70898 Portland, Oregon 97201

Arkansas 501+61-2301 Maryland 301431-3300 Rhode Island 401-277-2438
Division of Radiation Control and Center for Radiological Health Radioactive Matenals and LRay
Emergency Management Department of the Environment Programs
Arkansas Department of Health 2500 Broenmg }Lghway Rhode IMand Department of Health
4815 West Markham Street Baltanore, Maryland 21224 Cannon Budding DavaStreet

^ "**"
Mississippt 601-354+657/6670 ' ""

California 916 445-4931 Dwiaron of Radiological Health South Carolina 803-734-4700
91(r322-2073 Sta+e Board of Health Bureau of RadiologicalHealth

Radiciogic Health Hranch 3 50taiwsonStreet South Carchna Department of Health
Department of Health p,0.gox1700 and EnvironmentalControl
714 P Street, Room 498 Jackson, Mm.mssrppl 39215-1700 J. Manon Sims Buildmg
Sacramento,Cahfornia 95814 2600 Bull Street,Columbla,

7
""Colorado 303-331-8480 Division of Radiological Health

% Radiahon Control Division State Department of Health Tennewee 615-741 -7812
Office of Health Protechan 301 Centeruual Mall South Division of Radiological Health
Department of Pubhc Health P.O. Dox 95007 TERRA Budding,150 9th Avenue, N.
4210 Iast lith A"enue Lincoln, Nebraska 68509 - Nashvdle, Tennessee 37219-5404
D nver, Colorado 80220

Nevada 702487 5394 Texas 512435-7000
norida 904487-1004 Radiological Health Section Bureau of Radiation Control
Office of Raiahon Control Health Divusion Texas Department of Health
Department of Health and Department of Human Remurces 1100 W. 49th Street
Rehabuttative Semces 505 East King Street, Room 202 Austm Texas 78756
1317 Wmewood floulevard Carson City, Nevada 69710 Utah 801-53S+734
Tallahassee, Flonda 32399-0700

New Hampshire 603-271-4588 Bureau of Radiahon Control
Georgia 404-894-5795 Radiological Health Program State Department of Health
Radiological Health Swtion Bureau of Environmental Health 238 North 1460 West
Department of Human Rewurces Division of Health Services P.O. Box 16690
Room t,00 - 878 Peachtree Street Health and Welfare Buddmg, Salt Lake City, Utah 64116 0690
Atlanta, Georgia 30309 Hazen Dnve, Concord,

Washington 206-586-8949
Idaho 206-334 5g79 New Hampshire 03301 Office of Radiahon Protection
Comphance Section New Mexico 505427-2959 Department of Social Health
Idaho Department of Health and Welfare Commwy Services Bureau Services .
Statehc % ikuse, Idahn 63720 EnvironmentalImprovement Division Mail Stop LE-13

Illbois 217-785-9868 Department of Health and Environment Olympia, Washington 985N

Verartment of Nuclear Safety 1190 St. Francis Dnve

1035 Outer Park Drwe Santa Fe, New Mexico 87503
Updated lists of state addresses and

vnngracid,Ilhnois 62704 New York 518-&FON8 "
lom 515-281-3478 Divismn of Podcy Analysis and Planrung

Dureau of Radiological Health 2 Rockefeller Plaza
OfSce of Gwenmental and

10wa Department of Health Albany. New York 12223
Pubhc Affairs USNRC

Lucas State Of fice Buddmg
Washmgton D C.20555

Des Muines, hvwa 50319

.A (301)492-0326

Regulatory Agencies Appendix C Page 2 93 Oct
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United States Nuclear Regulatory Commission Regional Offices

Region Address Telephone

1 631 Park Avenue, King of Prussia, Pennsylvania 19406 215-337-5000

11 101 Marietta Street, NW, Athnta, Georgia 30323 40 & 331-4503
,

Ill 799 Rmrevelt Road, Glen Ellyn, Elinois 60137 31 _795-5500

IV 611 Ryan Plaza Drive, Arlington, Texas 76011 817-8604100

V 1450 Maria lane, Walnut Creek, Caldornia 94596 415-943-3700

0
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iS!DS 0055 N990 (REV B) .DESIGN SPECIFICATION
|

1 INTRODUCTION exposure oevice :
4

O A shielded device employing a sealed source designedThis document describes the detailed test plan for the
to allow the controlled use of gamma radiation for the '

Nordion Titan Gamma Radiography Exposure Device
(GRED). The tests are required to demonstrate that the Purpose of making a radiograpluc exposure. j

i

Titan meets the regulations for the design of gamma I
radiation exposure devices and the regulations for the GReo
safe transport of radioactive material (references 1,3,4,
6,7). A description of the tests and detailed test Gamma Radiography Exposure Device. This term

procedures are included. typically refers only to the exposure device, and not to
the entire apparatus.

2 CLASSIFICATION Locked Position

The Titan GRED is classified under ANSI N432(1980) as Condition of the exposure device when it is locked (with

a Class P, Type 1, Type R exposure device. The testing a key)in addition to being in the secured position.
described herein demonstrates that the device meets the
requirements of this specification for a device of this Projection Sheath
type. Additional testing will be performed in order to
support the design and to demonstrate that the Titan A flexible tube for guiding the control cable and the
meets the transportation requirements for Type B(U) attached source assembly from the exposure device to
transport packaging (reference 6,7). the working position. Also known as a source guide

tube.

3 PROJECT REQUIREMENTS Quality Assurance Representative

O' The guidelines for design, inspection and testing within A representative designated by Nordion's Quality
ANSI N432(1980) and ISO 9000(1957) will be followed Assurance Department whose responsibility is to verify
throughout the project.Some requirements of the that the testing has been conducted in accordance with
revised ANSI standard, ANSI N43.9(1991) have been the quality assurance requirements and that the test

'
,

adopted. results are thoroughly recorded and are accurate.

Rem te controzowice
4 TEST REQUIREMENTS

A device enabling the sealed source to be moved to an
Reference documents 1,3,4,6 and 7 outline in detail the exposing position by operation at a distance away from -
test requirements for gamma radiography equipment the exposure device'. The remote control device includes
and transport packagings. Table I summarizes these the crank mechanism, control cable and sheath. The
test requirements. Details of the requirements are listed remote control sheath consists of a reserve side and a
in section 7 of this test plan. Figure 1 illustrates the projection side (see Figure 12 for illustration).
sequence and flow of these tests.

Secured PositionThe C990 source assembly has been demonstrated to
meet Special Form requirements and has been classified Condition of the exposure device when the source
as C43515 according to ANSI N543(1977) (see Appendix assembly is fully shielded and restricted from
B). movement. ,

!

5 DEFINITIONS Source Assembly i

A complete assembly including a sealed source, a short
Many documents govern the testing to be performed on

length (150 mm) of cable, a locking ball and an end
the Titan. They use many terms which are sometimes conn vor. The source assembly used in the Titan isO interchangeable or which may have subtle differences in

i

called the "C990" (ref. drawing K12223400 Rev. B).
meaning. For the purposes of this Test Plan,the
following definitions shall apply.

93 MAY3 of 25
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IS/DS coS5 N99o (REV B) |
. DESIGN SPECIFICATION |

|

Table 1 - Governing Specifications and Their Tests ]
j ,

i

Standard or Specification |

Device Nordion ANSI ANSI 10CFR 34 10CFR 71 |
' !

Under IS/DS N432 N43.9 (Radiography) (Transport) 3 99sN
Test Test 0055' (1980) (1991) see note 1 see note 2

Entire Projection Under Stress y X 't

Apparatus Endurance 20,000 20,000 50,000 50,000

Radiation Shielding x x y X / p y

VibratJon see note 3 X X X

Horizontal Shock / / / y I

't
Vertical Shock X X X

Handle Wrench X X /

y
Lock Breaking

Exposure Water Spray see note 3 X X

immersion see note 3 # #Device

Penetration y / /

Puncture Resistance x y / y y y ,

Accidental Drop | X X y X X X

Fire | X X X ' X X

Corrosion | see note 3
X

Free drop Test see note 3 #

Stacking Text ' see note 3 /

"9 # # # #
Remote '

Control Crushing y y y y

Device /
Tensite y y /

Kinking y X X X

Projection Crushing y X X X

Tenslie p X X ySheath

y
Tightness ,

i

i

Source I
Tensile

Assembly y y / /

Notes:
1) 10CFR 34 requires all of the tests from ANSI N432 (1980) in addition to those indicated.
2) 10CFR71 includes the following tests that will not be performed: Heat, cold, reduced extemal pressure,
increased external pressure and compression.
) Test will not be performed, but device is qualified by discussion.
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DESIGN SPECIFICAT10N IS/DS 0055 N990 (REV B)
,

X6 QUALITY ASSURANCE 7 PROTOTYPE TESTING
() REQUIREMENTS

|The Nordion Titan project is managed in accordance
Jwith Nordion Specification IS/QP-0052-N990 and ISO 7-1-1 Projection Under Stress Test

9000(1987). Testing will be performed in accordance
with IS/QP-0052-N990. 7111 Purpose

,

6-1 Independent Testing The purpose of this test is to measure whether
the torque required to drive and retract the

Where testing is performed by an organization source through a complete exposure cycle

independent of Nordion International, the testing and changes during a lifetime of normal use. This
results will be documented by this independent testis not a requirement of ANSIN432(1980). It ,

organizatien. Where testing is performed by Nordion is performed to verify the design and is based
International, it w;11 be thoroughly documented by the on the Projection Under Stress Test from ANSI i

test engineer using sketches, photographs, video tapes N43.9(1991).
and the Data Sheets in Appendix A. All test results will
be validated by the project engineer. The testing will be 7-1-1-2 Equipment
witnessed by a Quality Control Representative where
appropriate. The entire GRED apparatus shall be tested.

,

Before the final test it will have been subjected -)
Representatives from the Canadian Atomic Energy to a variety of tests (see Figure 1). A torque
Control Board will be invited to witness all testing. meter Snap On modelTBS2FUA willbe

employed. ;
.

~6-2 Sub-Contractor's Quality Assurance 71-1-3 LocationO '

Mb-contractors must have a quality assurance system in The testing will be performed at Nordion
I accordance with ISO 9003 or CSA Z299.3. Quality International, Kanata, Ontario.

system requirements melude a quality policy, a quality
system organization, quality records, a calibration 7-1-1-4 Approach
system and personnel training. Sub-contractors will be ,

evaluated on systems, procedures, and ability, prior t The testing will be performed in two stages. |

the start of testing. Initial torque readings will be made on the new
CRED equipment. Then, after a series of tests

6-3 Calibration on theindividualcomponents, the 1

measurements willbe repeated. j

Equipment used for measuring test results shall be !

calibrated at the time of the test. The equipment 'Ihe final torque measurements will be -

calibration due date shall be recorded on the data sheets. performed on equipment that has been
subjected to the following tests:

Calibration shall be performed by a qualified laboratory. ,

exposure device : horizontal shock, vertical !e

shock, handle wrench and penetration i

remote control device : kinking, crushing, -e
,

tensile -)
I

projection sheaths : kinkmg, crushing, tensilee

source assembly: tensilee

The test setup is shown in Figure 2. The
bending radil for the remote control andr

( projection sheath willbe 500 mm.

. 93 M AY 6of 25
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IS/DS 0055 N990 (REV 8)DESIGN SPECIFICATION

Ten exposure cycles willbe performed during cycles, an exercise will be performed in order to

if) which the maximum driving / retracting torque demonstrate that the source assembly will not
V will be recorded. disconnect when projected out of an open

projection sheath.
7-1-1-5 Procedure

7-1-2 2 Equipment
I 1) Set up the GRED equipment in the

configuration shown in Figure 2. The The automated endurance test equipment
bending radii at comers shallbe 500 mm for illustrated in Figure 3 willbe used to perform
the reote control and projection sheath. the cycling. Impressions of the source tube will
Cor.nect the torque meter to the remote be made using Dow Coming Mold Making
c ntrol crank mechanism. Compound DC HSIL

2) Drive the source assembly to its fully 7-1-2-3 Location
extended position and then retract it fully.
Care must be exercised in order not to With the exception of the thermal cycling this
measure the sharp rise in torque when the test shall be performed at Nordion Intemational

source reaches the end of its travel at each Inc., Kanata, Ontario.

extreme.
7-1-2 4 Approach

3) Meast.re the driving torque and record the
maxim um value measured during the cyde. The equipment willbe subjected to continuous

cycling for 20,000 cycles.

4) Repeat the process in times and record the
data or, the Prcjection Under Stress Test At the completion of 20,000 cycles,50 cycles will

Data 51 eet provided in Appendix A. Be be performed with the end of the projection
certain tu '.ill out all of the information sheath open.' During these exposures, the

.O- requested on the data sheet. The test source assembly will extend at least 1 meter out
.

engineer must sign the data sheet and a of the projection sheath. This additional test is

quality control representative must witness not a requirement of ANSI N432(1980). Rather

the test setup and at least one cycle of the it is a requirement of ANSI N43.9(1991) that has j

testing. The test results must be validated been adopted to prove that the source assembly |

by the project engineer, will not accidentally disconnect or snag outside
the projection sheath. j

'

5) Steps 1 to 5 are to be repeated once the
equipment has been subjected to the tests At the conclusion of the test,100 cycles willbe i

for conditions of normal use listed in performed with the exposure device at -40 C, |

paragraph 7.1.1.4. and an additional 100 cycles will be performed j
at +55 C. These cycles are not a requirement of

7-1-16 Data and Results ANSI N432(1980) and will be performed after
the completion of the 50,000 cycles. The entire .

The test data shall be recorded on the form remote control and projection sheath need not

providedin Appendix A. Allof therequired be exposed to the temperature extremes and ;

information must be completed. An increase in these peripherals may be shorter than those
drive torque of 25% or more shallconstitute a used for the Endurance Test at ambient
failure. temperature.

7-1-2 Endurance Test After having been subjected to the endurance
test, the source assembly will undergo the

7-1-2-1 Purpose Tensile Test of paragraph 7.5.1.

The purpose of this test is to repeatedly operate
the apparatus in order to determine its
resistance to fatigue, and to measure any wear
on the equipment components. After 20,000
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.

.-
- . The test setup is shown in Figures 2 and 3. 7) Once 20,000 cycles have been completed, the {'

.

The automatic test apparatus shall meet the end of the projection sheath shall be opened ;

t

following requirements: to allow the source assemMy to pass -
through. 50 cycles shall b3 performed [

Mmunum speeds : rotating 180 RPM during which the source assembly shall .

linear 0.75 m/s extend at least 1 m from the projection
sheath. ,

. The torque that the apparatus exerts at each ext-eme
shall be determined by measuring the fore experienced 8) At the completion of the testing, the
by the drive cable during manual operation. The test apparatus shallbe moved to an

apparatus will then be adjusted accordingly. environmental test chamber where the ;

equipment shall be subjected to 100 cycles at !

7-12-5 Procedure temperature of -40 C. The remote control
!device and projection sheath do not need to

1) Measure the length of _ne dummy source be entirely exposed to the temperature |

assembly. Record the measurements and extreme, and these peripherals may be- j

the source assembly serial number on the shorter than those used for the Endurance j
C990 Source Assembly Tensile Test Data Test at ambient temperature. |

i
Sheet, as this length will be required for
comparison at the completion of testing. 9) Repeat step 8 with the temperature ,

Record the tolerance associated with the stabilized at 4 55 C. ,

length measurement and the calibration
:

date of the instrument. 10) Remove the dummy source assembly. Tag
and identify it, as a Tensile Test will be [

2) Check the integrity of the source tube by performed on it as per paragraph 7.5.1. ,

taking an intemal impression using Dow ,

'

.O-
Coming Mold Making Compound DC HSII. 11) Check theintegrity of the source tube by

taking an internal impression using Dow
3) Connect the equipment under test as shown Coming Mold Making Compound DC HSII.

'

Iin Figures 2 and 3. '
7-1-2-6 Data and Results

4) Start the automated test equipment and 3

verify that the counters are working Any start up, shut down or maintenance action . j

properly. Check that the source assembly is shall be recorded on the Endurance Test Log .J
travelling from the secured position, to the Sheet. Photographs of any failures or

fully extended position and back. Record maintenance actions are required. Failure

the date, time and cycle number on the enterium shallbe failure of the apparatus to j

Endurance Test Log Sheet in Appendix A. remain completely operational after 20,000 |

Be certain to initial every entry on the Log cycles. Additionally, the integrity of the sealed
~

Sheet. source and the encasement of the depleted -
uranium shielding must not be breached j

5) Regularly check the test apparatus for through wear after 20,000 cycles. An impression 'l
proper function or any incidents. An of the inside of the source tube will be made
incident includes test startup or shutdown, before and after the test,

failures or any other test anomalies.
7-2 Tests On The Exposure Device

6) Record any incidents on an Endurance Test
Log Sheet provided in Appendix A. The 7-2-1 Radiation Shielding Test
date and time of each incident must be
recorded and initialled. If the incident
results in the shutdown of the test

7-2-1-1 Purpose

apparatus, it must be witnessed by a Quality
Assurance Representative before the The purpose of this test is to determine the

apparatus may be restarted. Disposition exposure rate from the device to assure that the
|must be given by the project engineer.

1
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LJ '!

l1 dose rates in the vicinity of the device are within' 7 213 Location !

4g the limits specified. .i
- The testing will be performed at Nordion 1

7-2-1-2 Equipment International, Kanata, Ontario.

The Radiation Shielding Test will be performed 7-2-1-4 Appiocch
on new exposure devices prior to the
commencement of any mechanical testing, after A detailed survey will be performed on the two . ,

1 the Penetration Test, after the Endurance Test, prototypes when they are new. Measurements |
'!

and if possible, after the tests for accident will be made at every node on the grid system

conditions. The measurements will be made on shown in Figure 4. In locations where the fields

exposure devices with the end caps installed. are relatively high, the hot spots will be located
and identified in relation to the grid system. !

The Victoreen Model 440 and Model 660 survey Radiation field measurements made after the - ;

meten will be used for measurements. exposure device has been subjected to testing i

Substitute survey meters may be used provided will not be as thorough. They will be limited to j
that the meter used to measure the exposure rate areas of the device which have been affected or ;

at 50 mm from the surface does not average over damaged by the testing. |
2

an area greater than 10 cm and has a sensitive .

.!

volume with no linear dimension greater than A sample sourceis to be used for the _

;

5 cm. The meter used to measure the exposure measurement and the exposure rate is to be
.

rate at 1 m from the surface must average over atrapolated to the maximum rating of 4.44 TBq - 1

an area no greater than 100 cm and its sensitive (120 Ci) for the device. The extrapolation is not2 -

volume must have no linear dimension greater to exceed a factor of 10, but the source should

than 20 cm. approach an activity of 4.44 TBq (120 Ci) as ;

- safely and as practically as possible.

,| | | |. ,) | | |,
_
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ce and ca i on data for the t
The maximum specified dose rates are as;

on the Radiation Shielding Test Data Sheet.

2 mSv/hr(200 mrem /h)on surface.

7-2-16 ' Data and Results
0.5 mSv/hr (50 mrem /h) at 50 mm from the.

i*'# The measured field for the source and the
0.02 mSv/hr(2 mrem /h) at 1 m from the activity calculation shall be shown on the.

surface Radiation Shielding Test Data Sheet. The
" ^

The activity of the source will be determmed da
based on 0.55R/h-Ci at Im forIr-192. ,

'" ' '" "8 "

If it is not possible to load a source assembly f r *-
into the device after the tests for accident
conditions, then a radiation shielding analysis 2 mSv/hr(200 mrem /h) on surface -e

will be performed to determine the exposure 0.5 mSv/hr (50 mrtm/h) at 50 mm from the.

rate at this time. surface

0.02 mSv/hr (2 mrem /h)at 1 m from the }7-2-1-5 Procedure .
isurface

1) Measure the fields from the sample source
and record the field output at Im on the 7-2-2 Vibration Test
Radiation Shielding Test Data Sheet.

7-2-2-1 Purpose ,

2) Obserymg the required safety procedures,
install the sample source in the exposure The purpose of this test is to determme the

'O- device. resistance to the exposure device to the ~ t

- vibration that it may encounter during normal ;

3) Using the Victorcen Model471 Survey service. This test is not a requirement of ANSI
'

- Meter, measure the fields 50 mm from the N432(1980).
surface of the exposure device at each of the
nodes identified on the 3 inch grid system in 7-2 2-2 Discussion
Figure 4. Allow the meter reading to
stabilize for 5 seconds at each node before The vibration test is intended to reveal any
recording the measurement. Record each environmental effects that may occur during
measurement on the Radiation Survey Data normal service. Examples of such effects include
Sheet, and record the maximum reading on loosening of fasteners, component fatigue,
the Radiation Shielding Test Data Sheet. chafing between parts and cracking or rupturing

of structural members. The Titan is a welded
'

4) Measure the fields at 1 m from each of the 6 structure, and any threaded fasteners are fixed
faces of the exposure device. Record the with thread sealant. Additionally, the enclosure
measurements on the Radiation Survey is injected with an epoxy foam which fills all
Data Sheet,and record the maximum intemal voids. The Titan is therefore not :

*

reading on the Radiation Shielding Test susceptible to the environmental effects caused
Data Sheet. by vibration and there is no need to perform the

vibration test.
5) After the initial Radiation Shielding Survey

on the exposure device, it is only necessary 723 Horizontal Shock Test
to make readings at locations on the device
that are likely to have been affected by the 7-2-3-1 Purpose
testing.

The purpose of the Horizontal Shock Test is to

- O 6) Record all of the data on the Data Sheets, test the resistance of the device to the shocks
including the date, activity of the test that may be encountered during normal service.
source, serial number of the exposure

12of 25'
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sideof theexposuredevicee7 2-3-2 Equipment .
f

sideof thelock*

.U The equipment used for the Horizontal Sheck . e faceof thelock
Test is shown in Figure 5. The exposure device

bottom of the exposure device*shall have been subjected to the Projection
Under Stress Test of paragraph 7-1-1 prior to the side of projection sheath connector-,

Horizontal Shock Test. face of projection sheath connector*

7-2-3-3 Location 7 2-3-5 Procedure

The testing will be performed at Nordion 1) Connect the device under test to the i
!International, Kanata, Ontario. suspension chain. Adjust the height and

orientation so that the device will strike the !
7 2-3-4 Approach pin in the desired location. '{

.

The Horizontal Shock Test consists of pendulum 2) Measure the height to the bottotn of the )
swings of the device into a rigidly mounted exposure device. I

cylindrical steel bar. The exposure device will {

be suspended such that it just touches the target 3) Swing the exposure device back until'the l
when at rest. The release position will be a height to the bottom of the device has !

point where the center of gravity of the device is increased by 100 mm. I
100 mm above its rest position. The steel bar i

will have a diameter of 50 mm and a length of 4) Release the exposure device and allow it to '.
300 mm. It will be mounted to a rigid object swinginto the target.
with a mass of at least 225 kg. 20 impacts will
be performed on each of the following areas: o

O 1

Suspenskn Chain
7

:

Exposure i
'

Deviceg
- -

.3

so nrn
100 nrn-s ,

!8N
N - -

y

x __ __ _
v

^ ---

4x
::N

Mass a 225 Kg \
--> g 300 nrn

.

r
- Figure 5

Horizontal Shock Test
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5) Record any observations on the Horizontal 7-2-4 . Vertical Shock Test ;

j' - (~') - Shock Test Data Sheetin Appendix A.
V Video tapes and photographs are required. 7 2-4-1 Purpose

,

!6) Repeat steps 3 to 6 until the device has been The purpose of the Vertical Shock Test is to test
subjected to 20 impacts in the same area. the resistance of the device to the shocks that

'

may be encountered during normal service.
7) Repeat step I to 6 until each of the areas :

listed in paragraph 7.23.4 has been tested. 7-2-4 2 Equipment

.

8) Connect the remote control and the The test equipment is shown in Figure 6. The
projection sheath to the exposure device and exposure device shall have been subjected to the

I perform 10 exposure cycles. This step may Horizontal Shock Test of paragraph 7.2.3.
be performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-2 4 3 Location ;

discretion of the test engineer. . j

E The testing will be performed at Nordion
7-2-3-6 Data and Results Intemational, Kanata, Ontario.

The date of the testing and the observations 7-2-4 4 Approach
after each impact shall be recorded on the
Horizontal Shock Test Data Sheet. Video tapes The vertical shock consists of a drop from a

',

and photographs of each impact area shall be height of150 mm in the normalcarrymg
taken as a uunimum. Failure criteria shall be position. The impact surface will consist of a
failure of the device to complete 10 satisfactory rigid body with a mass greater than 225 kg
exposure cycles or failure of the Radiation covered by 25 mm of plywood.100 shocks will

~

,

Shielding Test, be performed.

O
,

4

I
.

.

Deece .l
"

< Retsame Mechanism j
i

4

2s mm -

v| lo o
:

Ptywood |
150 mm j.

l4 ^sm%mwhhNN !
-

-
-

< Mars 2 225 Kg .

. .

.

.
/

Figure 6 1

O verticei saecx Teet
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7-2-4-5 Procedure . 7-2-5 Handle Wrench Test
y) ;

V 1) Attach the exposure device to the release 7-2 5-1 Purpose ~!

mechanism and verify that the height to the
bottom of the exposure device is 150 mm. The purpose of this test is to demonstrate that

the carrying handle is able to withstand the
2) Release the exposure device and allow it to wrenching force applied to it when the device is i

fall onto the target. dropped while teatered to a security chain. 'Ihis
test is not a requirement of ANSI N432(1980). It j

3) Record any observations. Video tapes and is a requirement of ANSI N43.9(1991) and has j

photographs are required. been adopted because it is considered to be an J

4) Repeat steps 1 to 3 until 100 shocks have
been performed. 7 2-5 2 Equipment

5) Connect the remote contml and the The test equipment is shown in Figure 7. .The
projection sheath to the expose.re device and exposure device shall have been subjected to the
perform 10 exposure cycles. This step may Vertical Shock Test of paragraph 7-2-4.
be performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-2-5-3 Location
discretion of the test engineer.

The testing will be performed at Nordion -
7-2-4 6 Data and Results Intemational, Kanata, Ontario.

The date of the testing and the observations 7-2-5-4 Approach ;

after each impact shall be recorded. Video tapes
and photographs shall be taken. Failure criteria The device will be dropped 1 m while attached
shall be failure of the device to complete 10 to a chain. The upper end of the chain will be ' i

N satisfactory exposure cycles or failure of the attached to a rigid mounting point.. !

Radiation Shielding Test.
'l

///////////
W

n
;-

- ),R,%__ _

l

1 I. =

T I A
I

I
Ecoeure
* ,/\, 1m

/.

/ s \
-

Lj v

. Figure 7
Handle Wrench Test2

!|
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.

7-2-5-5 Procedure 7-2-7 lmmersion Test

|' V 1) Fasten the safety chain to the handle of the 7-2 7-1 Purpose

L exposure device.
h he purpose of this test is to verify that the

2) Suspend the exposure device so that it will exposure device will not st.ffer any damage
drop 1 m when released. Make certain that when subjected to immersion in 15 m of water,
the exposure device will not reach the

|: ground or strike any obstructions when it is 7-2-7-2 Discussion
| released.

| The primary purpose of the Immersion Test is to
| 3) Release the exposure device and allow it to demonstrate that a package can maintain its
'

drop freely, structural integrity when subjected to an
extemal pressure. The Titan does not '

4) Record any observations. Photographs and incorporate seals to prevent the influx of water,

| video tapes are required to support the nor are any of its components sensitive to water.
' observations. The source assembly has been demonstrated to

meet Special Form requirements (Appendix B).
5) Connect the remote control and projection nerefore, the Titan would not suffer any

sheath to the expwure device and perform damage if immersed in water and there is no
10 exposure cycles. This step may be need to perform theImmersion Test.
performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-2-8 Free Drop Test
discretion of the test engineer.

**~

7-2-5-6 Data and Results
| The free drop test is intended to simulate the

} Observations shallbe recorded. Photographs type of shock that a package would experience if
and video tapes will be taken. Failure criteria it were to fall off the platform of a vehicle or ifit
shall be failure of the device to complete 10 were dropped during handling.
satisfactory exposure cycles, loss of use of the
handle or failure of the Radiation Shielding Test. 7-2-8-2 Discussion

7-2-6 Water Spray Test Since the Titan GRED will be subjected to a 9 m
drop test, the requirements for the free drop test

7 2-6-1 Purpose are exceeded and there is therefore no need to
perform this test.

The purpose of the Water Spray Test is to
subject the device under test to a simulated 7 2-9 Stacking Test
rainfall of 50 mm per hour for at least one hour.
His test would reveal any problems with 7-2-9-1 Purpose
packagings vulnerable to water saturation.

'

he stacking test is designed to simulate the
7-2-6-2 Discussion loads pressing on a package over a prolonged

period of time and is intended to ensure that the
. The Water Spray Test is particularly intended effectiveness of the shielding and containment
I for packagings where distance shielding may systems will not beimpaired

rely on non-metallic materials which are
softened by water or materials bonded by water 7-2-9-2 Discussion
soluble glue. Since the structure of the exposure
device is made entirely of metal,it is not Because of the shape of the Titan GRED,
vulnerable to such conditions. There is stacking of the device is improbable and nearly
therefore no need to perform this test. impossible. There is therefore no need to(q) perform this test.

,

1
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4) Release the bar.
-7-2-10 Penetration Test

5) Record any observations on the Penetration
~ 7 2-10-1 Purpose Test Data Sheetin Appendix A. Video

tapes, sketches and photographs are ;

The purpose of this test is to demonstrate . hat required to support the observations,
the exposure device can withstand the impact :
that the device may receive during normal 6) Repeat steps 1 to 5 for all of the areas of the '
conditions of transport. The test simulates the device listed in paragraph 7.2.10.4.
exposure device being struck by a slender object
such as a length of metal tubing or the 7) Connect the remote control and projection
handlebar of a filing bicycle. The test is a sheath to the exposure device and perform
transport requirement (reference 6). 10 exposure cycles.

7-2-10-2 Equipment 7 2-10 6 Data and Results
~!

The equipment required consists of a 32 mm bar Observations shallbe recorded on the '
.

and a guide tube to direct its fall. The bar shall Penetration Test Data Sheet. Sketches, ,

have a hemispherical end and a mass of 6 kg. photographs and video tapes shall be taken.
'

The exposure device shall have been subjected Failure criteria shall be failure of the device to
to the Handle Wrench Test of paragraph 7-2-5. complete 10 satisfactory exposure cycles or

failure of the Radiation Shielding Test..
7-2-10-3 Location I

7-2-11 Puncture Resistance Test
The testing will be performed at Nordion
International, Kanata, Ontario. '

7 2-111 Purpose

/]
7-2-10-4 Approach

The purpose of the Puncture Resistance TestisL
The bar will be dropped vertically so as to strike to simulate accident conditions and to.

demonstrate that the source is not accidentally
the exposure device at the following sensitive

exposed as a result.areas:

7-2-11-2 Equipmembottom of exposure device.

side of exposure device The equipment used for this test includes a 9 m.

front oflock drop tower, an unyielding surface and a milde

side oflock steel pin with a diameter of 150 mm and a
.

length of 200 mm. The exposure device shall
The height of the drop shall be 1 m measured have been subjected to the endurance test of '

.

from the lower end of the bar to the intended paragraph 7-1-2.

point ofimpact.
7-2-11-3 Location

7-2-10-5 Procedure
The Accidental Drop Test will be performed at .

1) Position the exposure device w that the AECL Research, Chalk River Laboratories,

targetimpact areais facingup. Chalk River, Ontario.

2) Using the guide tube, adjust the relative . 7 2-114. Approach
position of the bar and the exposure device
so that the bar will fall vertically and strike The test will consist of a 1 m drop onto the end '

the target impact area when released. of a cylindrical target such as to cause the
maximum darnage to the device under test. Tht

3) Adjust the height between the bottom of th6 target will be rigidly mounted perpendicularly. : ;

(D:
.

) bar and the targetimpact area to Im. to an unyielding surface. The surface consists c
a 100 mm thick steel slab on a cubic block of -

' -
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DESIGN SPECIFICATION .

|

concrete measuring 3 m on each side. The drop followed by a 9 m oblique aop in the
,7

concrete sits on bedrock. orientation shown in Figure 8. The second
prototype will1 subjected to a 9 m drop ,

7-2-11-5 Procedure directly onto the lock. See reference 5 for further !

discuss',n on the drop orientations.
1) Suspend the exposure device in the upright

orientation so that when released the lock 7-2-12-5 Procedure
will strike the pin. Hoist it so that the height
measured between the upper surface of the 1) Suspend the exposure device in the upright

pin and the bottom of the lock is 1 m. orientation and hoist it so that the height
measured between the upper surface of the

2) Start the high-speed camera and release the target and thelowest point on the exposure
device is 9 m.exposure device.

3) Record the results, including observations, 2) Start the high-speed camera and release the

sketches and photographs of the damaged exposure device. -

areas.
3) Record the results, including observations,

7-2-11-6 Data and Results sketches and photographs of the damaged 4

areas.

The Puncture Resistance Test shall be '

documented with high-speed video, 4) Repeat steps 1 to 3 with the exposure device -

photographs and sketches. The exposure device oriented for a comer drop as shownin

need not be operational after the test, however Figure 8. Ensure that the centre of gravity of
the radiation fields are not permitted to exceed the exposure device is aligned vertically ,

over the lower comer.10 mSv/h (1 rem /h) at 1 m.

OV -12 Accidental Drop Test 5) Repeat steps 1 to 3 with the exposure device ~3

oriented so that the primary impact will be
on the lock.7-2-12-1 Pnrpose

The purpose of the Accidental Drop Test is to
simulate an accidentalimpact and to )
demonstrate that the source willnot be
accidentally exposed as a result of such an
impact.

?
'

7-212-2 Equipment

The equipment used for this test includes a 9 m
drop tower and an unyielding surface. The
exposure device shall have been subjected to a ,

Puncture Resistance Test of paragraph 7-2-11. . ,

7-2-12 3 Location
9m

The Accidental Drop Test will be performed at '

AECL Research, Chalk River Laboratories,
Chalk River, Ontario. U

,

7-2-12-4 Approach ///////////

/ A total of three 9 meter drop tests willbe Figure 8 ,

C completed using two prototype units. One 9 m Corner Drop Test
prototype will be subjected to a 9 m upright

7
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7-2-12-6 Data and Results The only material susceptible to a fire is the

.(
epoxy foam which fills the void between the,-

The Accidental Drop Test shallbe documented outer structure and the depleted uranium'

with high-speed video, photographs and shield. The shield is snucturally supported by

sketches. The exposure device need not be means other than the epoxy foam and shielding ;

operational after the test, however the radiation provided by foam is insignificant. There is - .

fields are not permitted to exceed 10 mSv/h therefore no need to perform the fire test. !

(I rem /h) at I m.
7-3 Tests On The Remote Control Device

7-2-13 F!re Test
3 n ng est .

7-2-13-1 |- arpose
7-3-1-1 Purpose

The purpose of the Fire Test is to measure the
resistance of the test specimen to an accidental f ,g ,

fire condition. remote control cable and sheath can withstand ,

the stress due to lankmg that may occur during
7-2-13-2 Discusion normal use.

The fire test is intended to demonstrate that the 7-3-1-2 Equipment
radioactive material's shielding and
containment are not vulnerable to an accidental The remote control device wd. l have been
fire with a temI:erature of 800 C and duration subjected to the Projection Under Stress Test of
of 30 minutes. paragraph 7-1-1.

The C990 source assembly has been The test apparatus used is shown m. Figure 9.
.

O- demonstrated to meet special form requirements The remote control sheath wdl be pulled
and can therefore withstand such a fire. The manually, and the speed will be measured using,
shielding material is depleted uranium which an Ametek digital tachometer with a linear ;
has a melting point of 1200 C and will therefore measurement adaptor. ;
survive a fire. The outer structure of the TITAN
is made of titaruum which has a melting point of |
1670 C and can also withstand a fire.

50 cm
,e ;

I

! ;
-

!

REMOTE CONTRt" . < '

SHEATH AND Cf E
-|

/ i

\ / !

s sup.
g. .. . ~

da, . . '
,

\ ;

\ !

CABLE CLAMP CABLE GUIDE
WITH SENSOR

IFigure 9
Remote Control Kinking Test Setup
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7-3-1-3 i :.n . 5) Repeat steps 1 to 4 with the loop at different ,

7 locations on the sheath until 10 satisfactory )
The testmg will be performed at Nordion tests have been performed.

jInternational, Kanata, Ontario.
7-3-1-6 Data and Results i

i

7-3-14 Approach
All observations shall be recorded on the data !

The cable will be laid out on a flat surface with a sheet provided. Each trial willbe video taped
-

500 mm diameter loop and one end secured. and the test setup willbe photographed. The |
!

The free end of the cable willbe pulled at a rate failure criterium willbe failure of the final
of 2.0 m/s 10% until the loop has disappeared. Projection Under Stress Test.

i
The test will be repeated 10 t; nes with loop in
different locations. 7-3-2 Crushing Test

7-3-1-5 Procedure 7-3-2-1 Purpose
.

1) Arrange the control cable and sheath on the The purpose of this test is to demonstrate that

test apparatus with a loop 500 mm in the remote control cable can withstand the stress )
diameter as shown in Figure 9. of the heel of a 100 kg person impacting at a

horizontal and vertical speed of 0.8 m/s.

2) Secure one end of the sheath using the
clamp provided. 7-3 2-2 Equipment

'

3) Pull the free end of the sheath at a speed of The test apparatus is shown in Figure 10. The
2 m/s until the loop has disappeared. remote control device shall have been subjected

to the Kinkmg Test of paragraph 7-3-1.

4) Verify that the speed was between 1.8 m/sO and 2.2 m/s. Record any observations on
the Remote Control Kinking Test Data Sheet
in Appendix A. Mark the sheath toindicate
the location w' 2re the test was performed.

|
4

rg

70

U *

~~

70 Axis nortzental10
,

<m. f y./4 __
f,: ecge tsdll 2 mm / j

4p"
r : corner racil $ mm <

g

f. . . . . --

AHeer ;

[3,
/sheatn

300

- -
' !

NNNNNNN M NN\NNNN 1

Horizontti sureace |ownenoons in mameter |

|

/D
(/ Figure 10

Crushing Test Setup

|
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g 7-3-2-3 Location 5) Repeat steps 1 to 4 at 10 different points
along the sheath. For five of the tests the >

' The testing willbe performed at Nordion projection side and reserve side of the
International, Kanata, Ontario. sheath shallbe superposed vertically. For

the other five tests they shall be side by side.

7-3-2-4 Approach Note whether the control cable is in the ,

projection sheath or reserve sheath or both.
'

The apparatus to be used for the test is shown in
Figure 10. The mass of the heel and crank shall 7-3-2-6 Data and Results
be 15 kg. The test surface shall have a mass
greater than 225 kg. The heel will be dropped The observations will be recorded on the data

from a height of 300 mm. The test will be sheet provided. Each trial will be video taped i

repeated 10 times at different locations along the and the test setup willbe photographed. The
cable, failure criterium wi' be failure of the final

Projection Under Stress Test.

7-3-2-5 Procedure
-

7-3-3 Tensile Test
1) Arrange the equipment as shown in Figure

10. The sheath shall contain the control ' 7 3 3-1 Purpose
cable. Fix the sheath using guides.

The purpose is to demonstrate that the control -

2) Raise the ann and verify that the height cable and sheath can withstand the tensile forces
between the sheath and the heelin 300 mm. that may be encountered during use. I

1
3) Release the arm and allow the heel to swing 7 3-3-2 Equipment

freely down onto the sheath,
The remote control device shall have been ;p Id 4) Record any observations on the Crushing subjected to the Crushing Test of paragraph

Test Data Sheet in Appendix A. Mark the 7 3 2. The test apparatus is shown in Figures 11 ,

sheath to indicate the location where the test and 12. j
was performed.

i

1

|

EXPOSURE REMOTE CONTROL SHEATH FORCE PNEUMATlw q

DEVICE OR PROJECTION SHEATH TRANSDUCER CYLINDER |

b=

||

" '

.u L

'

CLAMP ADAPTOR/
A!R LINE

/ DATA
MOUNBNG LOGGER

FIXTURE

F
\ Figure 11

Remote Control Sheath & Project;on Sheath Tensile Tests
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10) Record any observations and include a plot7-3-3-3 Location
.g) of the force profile from the data logger with
(

the results.' The testing will be performed at Nordion
International, Kanata, Ontario.

11) Repeat steps 9 and 10 until 10 tests have

7-3-3-4 Approach been performed.

His test consists of two parts; first the remote 7-3-3-6 Data and Results

control sheath will be tested and then the
control cable and crank mechanism will be

The observations will be recorded and plots of
the measured force profile will be provided.

tested. Each test will be video taped and the test setup

in the first part of the test, the remote control will be photographed. The failure criteria will

sheath will be tested. A tensile force of 500 N
be failure of the final Projection Under Stress

(112 lb) will be applied for 30 seconds. The test Test or failure of the source assembly (see

will be repeated 10 times. paragraph 7.5.1.6). .

In the second part of the test, the crank 7-4 Tests On The Projection Sheath
mechanism will be secured and the crank arm
will be immobilized. A source assembly will be 7-4-1 Kinking Test
connected to the control cable and a force of
1000 N (225 lb) will be applied to the free end of 7-4-1-1 Purpose
the source for 10 seconds. The test will be
repeated 10 times. The purpose of this test is to verify that the

projection sheath can withstand the stresses due
7 3-3-5 Procedure to kinking that may occur during normal use.

p
( 1) Secure the exposure device as shown in 7-4-12 Equipment

Figure 11.

The projection sheath shall have been subjected
2) Connect the remote control sheath to the to the initial projection Under Stress Test of

exposure device. paragraph 7-1-1. The test apparatusis shown in

3) Connect the tensioning apparatus to the Figure 12.

crank mechanism using the clamp adaptor.
..

4) Apply a load of 500 N (112lb) for 30 s. The testing will be performed at Nordion
International, Kanata, Ontaric.

5) Record any observat.ons and include the
plot of the force profile from the data logger 7-414 Approach ;
with the results.

One end of the projection sheath will be secured. ;

6) Repeat steps 4 and 5 until 10 tests have been A flat closed loop will be formed, with the fixed ,

perforued. end under the loop. A hoop will secure the ends !
|where they cross so that the loop cannot come

7) Secure the remote control as shownin undone, yet will still allow the sheath to slide. j
Figure 11. Immobilize the crank handle. A force will be applied to the free end of the

8) Connect a source assembly to the control Projection sheath at a tangent to the loop. The
force will be applied such that it reaches 200 N

cable.
(45 lb) in 5 seconds. The force will then be held

!for 10 seconds. The test will be repeated 10
9) Apply a force of 1000 N (225 lb) for 10 s to times at the same place in the projection sheath. !

(' thelock ball on e.e source assembly.

(

220f25
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i

7-4-1-6 D'ata and Results< 7-4-1-5 Procedure

1) Arrange the projection sheath on the test All observations shall be recorded on the data

apparatus with a loop 500 mm in diameter sheet provided. .The force measurement will be
*

as shown in Figure 12. The fixed end of the recorded automatically and a printout for each
'

sheath must be on the under side of the loop. trial will be included with the results. Each trial
will be video taped and the test setup will be

2) Close the clamping hoop over both ends of photographed. The failure criterium will be
the sheath where they cross in the loop so failure of the final Projection Under Stress Test.

that the sheath can still slide, yet the loop .

cannot become undone. 7-4-2 Crushing Test ,

'

3) Secure the exposure device using the 7-4 21 Purpose
mounting fixture and attach the projection

-

sheath to the exposure device. Attach the The purpose of this test is to demonstrate that ,

other end of the projection sheath to the the projection sheath can withstand tlie stress of
tensile test apparatus. the heel of a 100 kg person impacting at a :

horizontal and vertical speed of 0.8 m/s.
4) Apply a force to the sheath so that the force

-

reaches 200 N (45 lb)in 5 s. Maintain the 7-4-2-2 Equipment
force for 10 s.

The projection sheath shall have been subjected
5) Record any observations including the final to the Kinking Test of paragraph 7-4-1. The test - i

diameter af the loop in the Projection Sheath apparatus is shown in Figure 10.
Kmkmg Test Data Sheet in Appendix A. '

Attach the force measurement plot to the 7-4-2-3 Location
data sheet. Mark the sheath to indicate thep/ location where the test was performed. The testing will be performed at Nordion '

'

s
Intemational, Kanata, Ontario.

_ !

6) Repeat steps 1 to 5 with the loop always at
the same location on the sheath until 10 tests
have been performed.

,-

DATA !
LOGGERI !

l
,

PNEUMATIC ;

PROJECTION SHEATH CYLINDER ,

,50 cm

7-
,

/ s
CLAMPING CLAMP FORCE

TITAN HOOP TRANSDUCER

Figure 12
Projection Sheath Kinking Test

'

n
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7-4 2 4 Approach 7-4-3-4 Approach

V The apparatus to be used for the test is shown in ne projection sheath will be connected to the
Figure 10. The mass of the heel and crank shall exposure device and the exposure device will be
be 15 kg. The heel will be dropped from a fixed so that it cannot move during the test. A
height of 300 mm. The test will be repeated 10 tensile force of 500 N (112 lb) will be applied to
times at different locations along the sheath. the sheath for 30 seconds. The test will be

repeated 10 times.
7-4-2-5 Procedure

7-4-3-5 Procedure
1) Arrange the equipment as shown in Figure

10. 1) Secure the exposure device as shown in
Figure 11.

2) Raise the arm and verify that the height
between the sheath and the heel is 300 mm. 2) Connect the projection sheath to the

exposure device. -

3) Release the arm and allow the her I to swing
freely down onto the sheath, 3) Connect the tensioning apparatus to the

opposite end of the projection sheath using
4) Record any observations on the Crushing the clamp adaptor.

Test Data Sheet in Appendix A. Mark the
sheath to indicate where the test was 4) Apply aload of 500 N (112lb) for 30 s.
performed.

5) Record any observations. Plot the force
5) Repeat steps 1 to 4 at 10 different points profile from the data logger and include it

along the sheath, one of which shall include with the results.
a connection.~

6) Repeat steps 4 and 5 until 10 tests have been
7-4-2 6 Data and Results perforrned.

The observations will be recorded on the data 7-4-3-6 Data and Results
sheet provided. Each trial will be video taped
and the test setup will be photographed. The ne observations will be recorded and each test
failure criterium will be failure of the final will be video taped. The measured force profile

Projection Under Stress Test. will be plotted and the test setup will be
photographed. The failure criterium willbe

7-4-3 Tens 11e Test failure of the final Projection Under Stress Test.

7-4-31 Purpose 7-5 Tests On The Source Assembly

The purpose of this test is to demonstrate that 7-5-1 Tensile Test
the projection sheath can withstand the tensile
forces that may be encountered during use. 7-51-1 Purpose

7-4-3 2 Equiprnent
The purpose of this test is to demonstrate that
the source assembly can withstand the tensile

The projection sheath shall have been subjected f rces that may be encountered during use.
to the Crushing Test of paragraph 7-4-2. Le
test apparatus is shownin Figure 11. 7-5-1-2 Equiprnent

3 W adon
| The source assembly shall have been subjected

the Projection Under Stress Test of paragraph
p ne testing will be performed at Nordion

*

v International, Kanata, Ontano.
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i
I

75-1-6 Data and Results| 7-5-1-3 Location.~

The testing will be performed at Nordion The observations willbe recorded on the data
Intemational, Kanata, Ontario. sheet provided. Each test will be video taped

and the test setup willbe photographed. The
I 7-5-1-4 Approach source assembly shall not show an elongation of

more than 1% of its length. -

| A control cable willbe attached to the source

| assembly and the opposite end of the source
! assembly will be fixed. A tensile force will be 8 REFERENCES

gradually applied to the control cable so as to
I attain a load of 1000 N (225 lb) after 10 seconds.

1)- ANSI N432 " Radiological Safety for the Design
,

The force will be maintained for 30 seconds. and Construction of Apparatus for Gamma

The test will be repeated 10 times. Radiography", August 1980
1

The largest diameter of the locking ball willbe 2) ANSI N43.9 " Gamma Radiography --
,

S ecifications for Design and Testing ofFfixed and the testing will be repeated.
Apparatus", October 1991.

7-5-1-5 Procedure
3) Title 10, Code of Federal Regulations, Nuclear

1) Measure the length of the source assembly. Regulatory Commission, Part 34 - Licenses for

This must be done using a calibrated Radiography and Radiation Safety

instrument. Record the measurement and Requirements for Radiographic Operations.

the calibration date of the measuring device.
Take a magnified photo of the source 4) Title 10, Code of Federal Regulations, Nuclear,

|

Regulatory Comnussion, Part 7 Packaging .
| _

assembly and connector.
and Transportation of Radioactive Material.

i-

| . 2) Attach a control cable connector to the
source assembly. 5) TR-9240-N990, Safety Analysis Report for the

Titan Radiography Device,Nordion
IntemationalInc.3) Secure the opposite end of the source

assembly (i.e., the capsule) using the source
6) Regulations for the Safe Transport ofclamp provided. Radioactive Material,1985 Edition (As

4) Apply a tensile force gradually to the cable Amended 1990), IAEA Safety Series No. 6,

connector so as to reach 1000 N (225 lb) after
IAEA, Vienna,1990.

,

10 s.
7) Transport Packaging of Radioactive Materials

5) Maintain this force for 30 s. Regulations, Atomic Energy Control Act, ;

SOR/91-304,9 May 1991.

6) Record any observations on the Source
Assembly Tensile Test Data Sheet in 8) IS/QP 0052 N990, Quality Plan for the Nordion

Appendix A. Plot the force profile from the Titan Gamma Radiography Exposure Device.

data logger and attach the plot to the data
sheet. After the testing, take a magnified .

i photo of the source assembly connector. _

4

7) Repeat steps 4 to 6 until10 tests have been
performed.

,

'

i' 8) Repeat steps 3 to 7 with the locking ball
-)secured.

O i
'

,

!
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Projection Under Stress Test Date Sheet
,.

<j

Date Torque Meter Model

Calibration Date Torque Meter SerialNumber

Trial
Number Maximum Torque Reading (N m)

1

2

3

4

5

6

7

8

9

10

I
i

Has the equipment under test been subjected to the tests for conditions of normal use? Y| |N| |

Test By Witness

Project Engineer l

7-
k

-DJAPR ii
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.

C990 Source Assembly Tensile Test Data Sheet |_ g., lC Source Assembly Serial No.

|A. Initial Measurement
1

Micrometer Model No.

Serial No.

Calibration Due Date
;

initial Length

DateTest Engineer or Technician
.

B. Additional Testing ,

Was any additional testing performed on source assembly (e.g., endurance testing)? Y N |

If yes, indicate details of test (e.g., endurance test, date, first cycle no.,last cycle no.)

.

C. Tensile Test
i

Force Transducer Model No.

Serial No.
.

Calibration Due Date
>

Test Force N

Test Duration s

(Attach a plot of the force measure .ent)

DateTest Engineer orTechnician

D. Final Length Measurement

Micrometer Model No.

Serial No.

Calibration Due Date
;

Final Length

Test Engineer orTechnician Date
,

!

iii - 93 APR
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iS/DS 0053 N990!

1

i i

I J

Endurance Test Log Sheet ;
'

O
|9 Cycle Test Engineer

| N3. Date Time Action (e.g., startup/ maintenance) Infilats QCInitials |
.

I

.

1

I

!
i
;

,

1

1

|
~i

|
i

!

1
i

9
:
l
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Radiation Shielding Test Data Sheet.q
%/

SerialNumber Date

The device has been subjected to the following tests:

,

C990 Serial No.
- ;

Activity of test source at 1 m = 0 R/h
i

; divided by 0.55 R/h-Ci = (curie content)

divided by 120Ci = (extrapolation constant)

Maximum measured dose rates:

at 5 cm = (a) -

at 1 m = (b)

,

Calculated dose rates

(a) divided by extrapolation constant = at 5 cm

(b) divided by extrapolation constant = at 1 m >

.

Victoreen Model 471 Survey Meter

Serial Number Calibration Due Date
!

Surveyor QA Witness

Test Engineer Project Engineer ,

LO :
.

y 93 APR

;

.
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| iS/DS 0055 N990

r- Horizontal Shock Test Data Sheet'

k
Titan Serial Number Date

Orientation

Trial
Number Observations

1

,

2

3
-

4

5

6

7

8

i h 9
_

10

11

12

13

14

15

16

17
l

18

19

20

~~t Engineer QA Witness

%)
Project Engincer

vi93 APR
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,

i

:

Penetration Test Data Sheet.~

i

!

Observations |Impact Area

bottom of the exposure
device

side of the exposure
-

device

i

i

front of lock

e

side of lock

O

|Date Test Engineer
I
1

i
=i

QA Witness ._.
Project Engineer

4

i

i

:

!

O
'

93 APR .vs
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Nordion Titan Radiation Survey Data Sheet.o
U

Victoreen471 Serial NumberTitan SerialNumber

Calibration T : DateDate

Radiation Survey
Readings in mrem /h

1 2 3 4 5 6 7 8 9 10 11

.

12 13 14 15 16 17 18 19 20 21 22

23 24 25 26 27 28 29 30 31 32 33

Position
R:adings at 34 35 36 37 38 39 40 41 42 43 44

5 cm from

45 46 47 48 49 50 51 52 53 54 55sudace

56 57 58 59 60 61 62 63 64 65 66

{ } 67 ~68
;

Readings at Top Bottom Rignt Left Front Back
,

j
1m

!

Note:
The meter on ihe sur|xe is actu.2Tly measuring the talue approximately 5 an from the surface

(1 mremih = 10 usv!h)

Source Activity

Surveyor Test Engineer

QA Witness Project Engineer

C
i

viii
03 APR
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Crushing Test Data Sheet

(-)')
'

%
,

t

. Device under test
,

C

Trial Observations -
Number Location of impact t

'
1

.

2- i
!

3

4
r

5

'

6

7

O *
.,

9

I10

Test Engineer
Date

Njxt Enger -i
QA Witness

i

''
i

t

4

-!

!
!

.

- 93 APR
k
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Remote Control Kinking Test Data Sheet
gm ,

LJ

Date

Minimum Average Maximum
Trial Speed Speed Speed

Observations
Number (ft/s) (ft/s) (ft/s)

1

2
.

3

4

5

6

7

( ) 8

9

10

11

12

13

14

15

-!

WitnessTest Engineer

Project Engineer

, ~ ,

x
93 APR



IS/DS 0055 N990 (REV B)

DESIGN SPECIFICATION

Projection Sheath Kinking Test Data Sheet |

-(V3-

Observations
Trial (attach the force measurement plot)

Number

1

2

3

4

5

6
1

7

8
',

9
'

O ' .

11

12 ,

13
3

14 -

,

!15

Serial No.
Force Transducer Model No.

I

,

Calibration Due Date

.

Test Engineer
Date

Project Engineer .
QA Witness

O
1

93 APR !
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APPENDIX B
f- J'i *

Special Form Radioactive Material Test Summary -

,

Certificate, Sealed Source Classification
Designation and Performance (ANSI N542-1977)

-!

|

t

.i

'

U .

1

|
1

.-

,

i
.i

'

.\

!
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.d. !
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S 3 EC A _ O lM RAJIOAC~~lVE V A~~ER A_
O ~~ES- SUMMA lY

The capsule model specified herein has been evaluated in accord with the Intemational Atomic Energy Agency -
(l.A.E.A.) Safety Senes No. 6. Regulations for the Safe Transport of Rac"cactive Materials.1985 Edition. Section
VI. paragraphs 604-613 and 618.

TEST SUMMARY NO: 25 DATE: 1992 July 20

CAPSULE MODEL: C-990 CONTENTS: Iridium-192

DRWG NO: K122213-600

CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: J.137 inches

ENCAPSULATION: Single OVERALL LENGTH: 0. 77 5 . inches

SPECIAL FORM REQUIREMENTS (1)

TEST PASS Fall METHOD REMARKS

(s$3 gfgI A X Comparison Comments below

PMCUSSION X Comparirun Coc=ents below

%d '
1 DING Not required$3

HEAT X Comparison Comments below i

(610)
!

LgC NG X Comparison Com=ents below
g

(1) See special form recuarements on reverse s$os

COMMENTS:The C-343 has been tested and has passed all Special Form tests. a .d has been
certified to meet the requirements for Special Form via Certificate CD5/0001/S.
Since the contain ent s" stem for the C-990 is identical to the C-3' 3, the C-990
also meets the recuire=ents for Special Form.

.

This summary venfies that the descnbed capsule model meets the requirements of Special Form in accord with ;

the I. A2. A. Safety Senes No. 6. Regulations for the Safe Transport of Radioactive Matena s.1985 Edition.
1

. Sect. con VI paragraDhs 604-613 and 618.

Testedby M. Kr:aniak, P.Eng.% [ Authorized G.A. Burbidge y g

Title Develocment Officer U Title bianager, Package F.ngineering

92-f07fkDate 42|0+/2/ Date |

|

HINTERNATIONALINC.NORDION
:

i

. - - _ _ _ _ _ - _ _ _ _ .
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CERTIFICAI t- |0
SEALED SOURCE

CLASSIFICATION DESIGNATION AND PERFORMANCE |

|Sealed sources are classrtied in accord with standarcs established by
THE AMERICAN NATIONAL STANDARDS INSTITUTE fANSI) and

THE INTERNATIONAL ORGANI7_AT10N FOR STANDARDIZATION (ISO) !

!

CERTIFICATE NO: 76 DATE: 92 August 20

( CAPSULE MODEL: C-990 CONTENTS: Iridium-192

DRWG. NO:- K122213-600 .i

CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: 0.187 inches- J

ENCAPSULATION: Single OVERALL LENGTH: 0.775 inches' .)
ANSI CLASSIFICATION AND PERFORMANCE STANDARD ( ) | ANSI 77 C43515 | |

CLASSIFIED PERFORMANCE STANDARD (2)

TEST CLASS METHOD REMARKS j

TEMPERATURE 4 Comparison Pass (See Comments) j

EXTERNAL f
~ -

O PRESSURE 3 Comparison Pass (See Comments) q

IMPACT 5 Comparison Pass (See Comments) !
__

VIBRATION 1 No Test Reqd.

PUNCTURE 5 Comparison Pass (See Comments)

(1) See dennruon on reverte sde
(2) See Tatie 1. Performance Standa.e on reverse side l

(3) Amencen Nanonal Standard N5421977 is a renoson of ANSI Nd.101988

COMMENTS: The C-343 sealed source has been tested and found to meet the
performance requirements of ANSI N542-1977 classification C43515. Since
the containment system for the C-990 as identical to the C-343, the
C-990 meets the same performance requirements. 3

It is hereby certified that the descnbed sealed source sneets the specified standard as prescnbed in (#)Amettan
National Standard N542 1977 ' Sealed Radioactive Sources. Classification". This standard complies with the |

classification andperfortnance requirernents of ISO 2919-1980(E).

Tested by M. Krraniak. p.pno. Authorized G.A. Burbidae

Title Development Officer Title Manager Package Engineerirg

Date W p -<A 0 12|n6/W Date kb $2f0Gf26

o o -

NORDION
TIONALINC.



REFERENCES

- DEFINITION . CLASS!FICATION DESIGN ATION:I'I

The classification of a setied source shad be destgiated ty the code ANSI followed by two dgtts bindcate the year of approval of the
Amencan Nosonal Sandarts used m aswrmee the ciassificanon followed by e lecer and five agits.

The tener sha!! be eriher a C or an E. The 6eest C osmgneses mat the contared acwity does not exceed Ine mammum seven
estacanned by ANSI. The tener E desegnaeas mat the contamed acsvrty eaccess the mammum tevels estabbshed by ANSI..

The frat ctgit shaR be me class number wtuch descnbos the performance stanosras br temperature.

The socord dgit shall be the class number wtuch descnbos the performance stardards for ottoma! pressure.

The trurd opt shal be the class number which desanbos the performance sianostds for anpact.
|

De fourm dgit shall be me class number which desembes the performance standaras for vibrapon.

De fit:h dgit shall be the class number which desenbes the performance standercs for puncture. ;

(2) TABLE 1 - PERFORMANCE STANDARDS:

CLASS
TEST

1 1 2 3 4 5 I 6 i X

Temperaturs No Test -40*C (20 mm) -40*C (20 mn) -40*C (20 mm) -40*C (20 mm) -40*C (20 mm) Soeoal

+80*C (th) +180*C (th) .400*C (th) and +800*C (1h) ard +400*C (t h) and Test.

thermal shock thennal shock thermal arock

400*C 2 20*C 600*C to 20*C 800*C e 20*C

2 z 2 8 2

Ertamal No Test 25 kN/m abs. 25 kN/m .
25 kN/m gbs. 25kN/m abg. 25 kN/m gg , ge,,,g

Pressure (3.6lbMn ) m2M to 7 MMW D 70 MN/m m 170 MNim Test
2

m atmosphers (290 bt ) (1015 bMn ) (10153 lbtin ) (24 656 htin#)z 8 r
!

abs, abs, abs. abs.

O ,

impact No Test 50 g (1.8 cz) 200 g (7 oz) 2 kg (4.4 lb) 5 kg (11 b) 20 kG (44 lb) Soeoul

from 1 m (328 ft) from 1 m trom 1 m from 1 m from 1 m Test

and free crop aan
smos to a ssW
saface tram
1J m (4.92 ft)

Vibretion No Test 30 mn 25 to 500 30 min 25 e 50 90 mn 25 2 80 Not Used Not Used Soecal ,

Test |
Hz at 5 g peak Hz at 5 g pean Hz at 1.5 mm 1

amo. amp, and 50 e amp. peak m j
90 Hz at 0.635 pens ard 80 m i
mm amp. peak to 2000 Hz at 20g

|
peak ard 90 m
500 Hz at to g

Puncture No Test 1 g (15.4 Or) from to g (154 gr) 50 g (1.75 cz) 300 g (10.6 oz) 1 kg (2.2 b) Sceaal j

1 m (3.28 ft) f am 1 m from 1 m from 1 m from 1 m Test i

|

|

I
;

I

r

u

|Y h 7
M7 March Road. P,0. Box 13500. Kansm. O,sano. Canade K2K 1X8 Tel.:(613) 592-2790 Te6e1:(053) 4162 Fax:1613) 592 69316131592-6937
M 7 ct'emsn March. C.P.13500. Kanata. Orstano. Cansaa K2K 1X8 T6L:1613) 592 2790 T6es:(053) 4162 Fax:

.- -__ _ __ __ .



RERRENCES
p

('I DEFINITION . CLASSIFICATION DESIGN ATION:Q
The ciaesificanon of a sealed source shed be assigna:ed by the code ANSI fonowed by two dgits to indcate me year of appfwal of m
Amencan Nanonal Studerd imod to cosmrene Ibe classicason fotowed by a letter and frve r ns.

The letter shall be either a C or an E. The leser C desagnaans Inst the conamed scavity i . n ;ct exceed the maximum leveis
estabashed by ANSt. The tener E oseegnates that the commmed acwity excesos ino maximum levets estabhshed by ANSt.
The fast opt shaR be the class number wtscts describes the performance stanoaros for temperature.

The second det shall be the class numter wtudi desentme the performanos stanoards for ersemal pressure.

The tnrd dyt shat be the class manber which describes the performanos standards for impact.

The f ourth digit shall be the cdass tumber whscts descnbos the performance sandaros for vibrason.

The fifm ogtt shaE be the class numeer which desenbos the performancs standarcs for puncture.

(2) TABLE 1. PERFORMANCE STANDARDS:

CLASS
TEST

1 l 2 3 1 4 1 5 1 6 i X

Temperature No Test -40'C (20 min) 40'C (20 min) 40*C (20 min) -40*C (20 min) -40'C (20 mm) Soson'

.40*C sth) +180'C (t h) 400'C (th) and .400*C (th) and +400*C (1h) and Test -

mermal shedt - thermal shock thermal shock

400*C e 20*C 600*C m 20'C 800'C m 20*C

z 2 hi
z 8 z 25 kN/m a 25kN/m atg.

Extemal No Test 25kN/m abs. 25 kN/rn p. 25 kN/m p.
Pressure (3.6 BMn ) m 2 MMel, a 7 MhPm W 70 MN/m to 170 M*t/m Test

8 a a

to atmosphere (290 BMrs') (1015 bun ) (10153 bMn ) (24 656 btin )2

p es. abs. ans. m a.

y
Impset No Test 50 g (1.8 cz) 200 g (7 cz) 2 kg (4.4 b) 5 kg (11 b) 20 kg (44 b) Soeaal

imm 1 m (3.28 ft) tmm1m from 1 m from 1 m trorn 1 m Test

and tres drop ten
smee to a siset
swtaos from
1.5 m (4.92 ft) !

Vibration No Test 30 min 25 to 500 30 mh 25 m 50 90 min 25 m 80 Not Used Not Used Soecal
Test

Hz at 5 g peak Hz at 5 g poen Hz at 1.5 mm

amp. amp. and 50 to amp. peak n
90 Hz at 0.635 peak and 80 to
mm amp. peak to 2000 Hz at 20g

peak and 90 m
500 Hz at to g

Puncture No Test 1 g (15.4 gr) from 10 g (154 gr) 50 g (1.75 cz) 300 g (10.6 cz) 1 kg (2.2 b) Sosaal

1 m (3.28 f:) from 1 m from 1 m from 1 m from 1 m Test

_.

O

HINTEQRDION
U N

TiONALINC.
M 7 March Road. P.O. Box 13500. Kanan. Chtsno. Cannos K2K 1XR Tel.:(613) 592 2790 Te6es:(053) 4162 Fax:1613) $G24937__

.

U7 chemin Marcn. C.P 13500. Kanata. Ontano. Canaan K2K 1X8 Til.:16131592-2790 Tem 1:(053) 4162 Fax:(613) 5924937
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PART 2. ASSESSMENT WITH RESPECT TO ANSI N432-1980 I2,1'
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Q-
1.0 SCOPE

It is recognized that ANSI N432-1980 applies to the Titan. +

2.0 DEFINITIONS :

The terms defined in this section are used throughout this
submission.

3.0 CLASSIFICATION

3.1 The Titan is a Class P exposure device. It.is designed to-
be carried by one person.

3.2 The Titan allows the sealed source to move out into a
working position. As such, it is a Type 1 ~ exposure-

'

device.

3.3 The Titan uses a remote control cable. As such, it is a
Type R exposure device.

.

4.0 MARKING AND IDENTIFICATION

4.1 The Titan includes yellow plates embossed with . the
; trefoil ~ symbol and the words " CAUTION RADIOACTIVE

' ) MATERIAL". Two plates are located on opposite sides of-
the unit and are shown in engineering drawing'F125401-
013. The trefoil is magenta and greater than 25 mm in
diameter. The words " RADIOACTIVE MATERIAL" are magenta:
and approximately 5 mm high.

It is submitted that this label clearly. indicates the
radiation hazard and that it satisfies the intent of this
paragraph'of the regulations.

4.2 The Titan is labelled with the manufacturer's name,- model
number, serial number, capacity and rs dionuclide. -This-
identification label includes the weight of the' depleted-
uranium shield and the mass of..the unit without
accessories. The label is shown in engineering drawing
K122213-107 and in Figure 1.

'

Engineering drawing A17720 shows the Nordion plate.that-
bears the chemical symbol and mass number of. the
radionuclide (Ir-192) , its activity anithe date on which-
the activity was measured, the model and serial number of- e

the source assembly (C-990 No. XXXX), and the

manufacturer of the sealed source (Nordion). Provisions
1;are made to attach this label to the front of the Titan.

('/)
(See engineering drawing K122213-501.)~

%.
27 October, 1993
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Parts List

1. C-990 Ser|9d Source
2. Depleted Uranium Shield
3. Epoxy Foam

A 4. Bayonet End Cap
5. Push Button Lock

(Shown in Unlocked Position)
11 6. Lock Assembly

,.g _

g 7. Ecurce Guide Tube End Cap

\ 8. Wire Seal
@ Ns k 9. Radioactive Category Label (2)

,

g/,/ ,) % g 10. Radioactrve Material Caution Plate (2)j,

6 ''n "g- f !! 11. Identification Plate-

'

\ , 'S | $\ o

// |\
I \ j. , ,

% ') I t ti

ip Y| / g

\3

{ g 10

/[\ c

'''i ~j ,
'by ,

p

N.

/////////////////////5/

5

, / Notes

,

|
: 2___.___.___ _

C '

[
1. Meets Type B(U) Requirements |fLij

-

|g
.

AECB Certficate No: CDN/1038/B(U)-85 1

Cf' _x
% 2. Gross Weight : 20kg (441b)^ ,

k1 3. Authorized Contents : 120 CI (4.44 TBq) Ir 192
-

!
4 C-900 Meets IAEA Requirements .j:"*""

for Special Form Radioactive Material |,s '

(AFCB Certficate No: CDN/0001/S)* =

7 j 5. Operated, maintained and prepared
for shipment in accordance with Nordion'"""- "-*'" '

'O 7 3 Specification IS/OM 0090 N990.

8
i

Figure 1. The Titan Gamma Radiography Exposure Device
/ s

28 October, 1993
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5.0 DESIGN AND CONSTRUCTION OF EXPOSURE DEVICES

5.1 General' Requirements

5.1.1 a) The body of the Titan in'corporates stainless
steel and titanium components. Both materials
offer. excellent corrosion resistance under the
conditions expected during use.

The robustness of controls and moving parts has-
been demonstrated through- ' endurance -testing. as.
described in Appendix 4 and reference [5].

.

b)' The-entry.of. foreign = matter into the unit is.
minimized by requiring the drive controls ' and ' trie
projection sheath to be securely mounted to ' the
unit before an. exposure can be completed. During
tra:$ sport , these openings are capped. (See the-
Tita.t User's Manual in Appendix 3.)

c) The external surfaces of-the Titan are smooth
and can be easily cleaned. 4

'"""*"" ' """ "~'""" *" """**" "" "" "* "*""
.(J~

the source assembly in a source caanger or other
- such location and passing cleaning materials.

through the unit. (See the TITAN User's Manual-in
Appendix 3.)

Cleaning the lock assembly requires the disassembly ,

of the unit by authorized personnel. Plugs ,

covering critical fasteners must be removed from
the unit before such work can be undertaken.
Instructions for performing this work are found in
the Titan User's Manual.

d) The Titan has been designed for.the conditions
likely to be encountered during' use. It is

constructed from materials that do not break down
in the -40 to - 55* C temperature range. .

Appendix 4 describes the tests completed at these
two temperature extremes.~100 cycles were completed
at -40* and 55* C. There were no significant-
findings.[5]

e) . There are no' materials that can be: damaged by ;

gamma radiation in close proximity to . the C-990 i

sealed source. .|

29 October, 1993
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f) The Titan is small and lightweight and~can be'
easily strapped to working surfaces.

g) Fasteners are secured using semi-permanent
adhesive material. This assures their ongoing
effectiveness.
The performance of these fasteners during the tests
for normal and accident conditions is described in
reference [5]. They were found to pass a-20,000
cycle endurance test, as well as various drop tests
for the normal and accident conditions of use.

|

5.1.1.1 Depleted uranium alloy U-0.75Ti is used as a
shielding material. This alloy was chesen because
of its excellent corrosion ' resistance and high- :

density.

The casting is painted and further encased within
an epoxy foam. No part of the shield is directly
exposed to the environment.

The epoxy foam is further encased within a' titanium .)

shell. It is submitted that each of these barriers ;

-

.

provide redundant protection to the DU casting and j|
that they also adequately prevent the release of-
any corrosion products to the environment. ~|

Regular inspection and maintenance according to the-
Titan User's Manual ensures that these barriers i

remain intact.

5.1.2 Locks

The design functions of the TITAN lock assembly are
described in Appendix.2. There is no'' requirement
for a separate padlock.

5.1.2.1 Dismantling the Lock Assembly require.c caps to be
removed from the outer plate. (See #.ppendix 3.)
This makes it difficult for unauthorized personnelL
to remove the lock.

5.1.2.2 The lock assembly retains the C-990 in' all
positions except OPERATE. Its selector ring .is
equipped with a slot that uniquely. accepts the.C-
990 end connector. It is impossible to move the
source assembly as long as the Titan is 'in the
locked position.

O
30 October. 1993
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,

This safety feature is. described in greater detail
in Appendix 2.

The design - of the Titan ' does not allow . for the 4

Imovement of the shield. It is a Type 1 exposure
device.

i

5.1.2.3 The operation of the unit is described in Appendix
2. It is only possible to move-into OPERATE mode
if the push button lock has been unlocked using an '

external key. This operation cannot be completed
using an easily avsilable substitute for the key.

5.1.2.4 The selector ring includes a - slot that. uniquely
accepts the C-990 end connector. This makes - it
impossible to move from the OPERATE into the LOCK
position unless the C-990 is'in its fully shielded
position. Furtherrore, motion from the OPERATE to
the LOCK position requires the C-990 locking ball i

'
to trigger an actuator between the lock and the
shield. This also requires the C-990 to be in its

,

fully shielded position.

This safety feature is discussed in greater detail- i

in Appendix 2.

5.1.2.5 The diameter of the C-990 locking ball is greater
than the hole diameters of the actuator and the-
lock assembly. This makes it impossible for the-
C-990 to pass through the back of the Titan. ,

5.1.3 Connections .

,

The remote control cable .is attached 'using. a
bayonet connection. This connection is described
in detail in Appendix 2 and provides a secure
attachment point for the cable.

|

The projection sheath is securely attached using|a
threaded connection.

The two connections cannot be interchanged. -

5.1.4 Tests ,

,

The Titan was tested in accordance with the test
plan found in Appendix 4. As the Titan is a Type P
device, all of the tests of Table 5.1 (ANSI N432-
1980) were applied. The results are found in |
reference [5]. j

.

!31 October. 1993
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5.2 -Additional Requirements for Class P Exposure Devices
|

The Titan is equipped with a handle that permits ~1

the carrying of the-unit-by hand. The handle is
securely mounted to the unit using ' screws. The
Titan can be safely hoisted using.the handle.

Tests completed on the handle assembly include-the
wrench test described in Appendix 4 and the results

*

are found in reference [5].

Calculations demonstrating the ability of .the 1

handle to withstand a 3 g snatch' load are given in
Appendix 5.

'

5.3 Additional Requirements for Class M Exposure Devices

The Titan is not a Class M device'. Therefore, this
paragraph does not apply.

!

O
f

t

t

,

,

'

:
!

I
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_6 . 'Desian and Construction of Controls '

6.1- General Requirements 1

6.1.1 It is impossible to remove.the. drive' control from ,

the unit o unless the source' assembly . is in the
secure position. Rotation of the selector ring to i

the OPERATE position , is only possible with the >

bayonet connector installed. As the selector' ring
rotates, .a locking bar. engages the bayonet :

connector, thus preventing the removal of the drive. t

control, while the unit is in.the OPERATE mode,
i

This safety feature is described in Appendix 2.

6.1.2 The markings on the remote control.are shown in
engineering drawing QRM064 and clearly indicate-the
direction of control movement to. expose or retract f

'the source.

6.1.3 The drive cable includes a stop to prevent |
disengagement from the drive.

6.1.4 To perform an exposure, the remote control must be
p. connected to the Titan using the bayonet connector.
.\/ If a secure connection is not made between the

control cable and the source assembly, interference i

between the male connector on the teloflex cable
and the bayonet connector prevents ' the . bayonet - .

connector from being installed ,in the -lock ;

assembly. This safety. feature is described in :
Appendix 2.

,

'

6.1.5 The Titan controls do not operate with liquid, gas
or vacuum. Therefore, .this paragraph - does not
apply.

-

6.1.6 Full scale testing was used to qualify-.the' remote
~

Icontrols. A description of the tests performed is
provided in Appendix 4. The results of the tests i

'

are documented in reference [5]. The remote
controls successfully completed the . kinking,
crushing, tensile and endurance tests specified in. <

this' paragraph of the regulations. L

!

6.2 Additional Requirement for Local Controls '

|

The Titan does not employ local controls. Therefore,.this ;

requirement does not apply. ;

O 33 October, 1993
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7. Desian and Construction of Source Assemblies

.7.1 Appendix 6 shows that the C-990 sealed source meets ]
the requirements of ANSI N542. Comparison with the i

iC-343 sealed source is used to classify the C-990
'

as type-ANSI 77 C43515. -|

7.2 Full scale testing was used to demonstrate that the
source capsule, locking ball and end connector |

Iconnections withstand a tensile load' greater than
890 N. The results are documented in reference
(5).

.

;

7.3 The results of tensile and endurance tests on
prototype- C-990 assemblies are described in-

,

reference [5]. .

9

:
;

,

O
:

.;
;

;

,
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!

i

!

!
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8. Tests .|

All of the tests required by the ANSI N432-1980 have been i

completed. The tests are described in Appendix 4. Test
results are documented in reference [5]. They are 'also - ,

summarized in Table 1. |

8.1 shieldina Efficiency Test +

'

The results of the shielding efficiency tests can be found in
reference [5] and Appendix 7. The critical requirement is the
50 mrem /hr radiation level 50 mm from the surface of the unit. *

The two prototypes were found to have radiation fields in
excess of this limit. It is clear that about 1 to 2 mm of '
additional shielding is required over the surface of the unit.
The net weight increase will be approximately 0.7 kg. (1.5 lb) '

!
Nordion concedes that additional proof is required before full i
compliance with ANSI'N432-1980 is demonstrated. New shields
will be manufactured and surveyed as per the procedures
described in Appendices 4 and 7. In the interim ~ period, it is
submitted that adding the amounts of depleted uranium
specified in Figures 7 and 8 of Appendix 7 will enable-the
Titan to meet the shielding requirements of ANSI N432-1980.

The effect of the increase in unit weight has been considered
in all of the tests for normal and accident' conditions of
handling and transport. In general, drop heights were
increased by 5 % to account for the increased potential energy
of the production units.

8.2 Horizontal Shock Test

The Titan was subjected to several horizontal shock tests in
different orientations. In each case the unit was: dropped
from a height of 105 mm. This 5 % increase in drop height was
used to offset the increase in unit weight expected from the
shielding modification described in section 8.1.

/"
k 35 October. 19,21
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' Table l'. Summary of Tests [5]

Specimen Test- Notes Result-

Entire Projection Initial testa peak torque = 24 in-lb Pass
Apparatus Under Stress

Test Final testa peak torque = 28 in-lb Pass

Endurance 20,000 cycles.
Test 11 problems related to Remote Control. Pass

Exposure Radiation Initial tests more shielding needed. Fail
Device Shielding

Test Final test (Post drop test) Pass

Horizontal 6 orientations. Push-button lock Fail'
Shock deforms

Retest with bumpers. Outer Plate Fail'
deforms.

Retest with new Cover Plate. Pass

Vertical 100 impacts. No significant damage. Pass-
Shock

Handle 1.1 m drop snatch. No significant Pass
Wrench damage.

Penetration 4 impacts. No significant damage. Pass

(:)
'*"'

Puncture 2 prototypes tested. No significant Pass
Resistance damage.

Accidental 2 prototypes, 3 orientations tested. No Pass
Drop excessive increase in fields. No loss

of containment.

Remote Kinking 10 trials performed without incident. Pass
Control

crushing 10 trials performed without incident. Pass

Tensile 30 trials on sheath without incident. Pass

17 trials on cable. Pass
1 failure of Source Assembly at-133%.

Projection Kinking 10 trials performed without incident.' Pass
Sheath

Crushing 10 trials performed without incident. Pass

Tensile 19 trials performed in total Pass.
4 tests to failures

a) crimp failed at 113%.
b) crimp failed at 175%
c) crimp failed at 165%
d) crimp failed at 182%

Source Tensile 20 trials performed on each of two Pass
Assembly source assemblies without incident.
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Twenty shocks each were applied to the front of- the lock
assembly, the front source guide tube end cap, the side of the i

!source guide tube end cap, the side of the' titanium shell and-
the. bottom of the shell at. the weld. There were no
significant findings for the latter four orientations. |

However, af ter the initial 20 shocks on the lock assembly, the . ;

push button lock was damaged and inoperable.

A design modification incorporating two bumpers on either side j

of the lock was implemented and tested. The push'' button lock-
survived, but burrs and internal deformation made the lock i

assembly inoperable. Further design modifications to: the !

internal components resolved this problem. Twenty _ final . >

impacts were completed on the front and side 'of the lock .i
assembly. The lock assembly was. fully operational at.the j
conclusion of the test. |

The design modifications and test results.are describe'd in l
detail in reference [5]. All changes were implemented ~under- !

Nordion Drawing Change Request (DCR) number 2767. i

.

8.3 Vertical Shock Test

A Titan prototype was subjected _to 100 vertical-drop tests in -

accordance with the requirements of paragraph --8. 3.2 of . the ;

regulations. The drop height was increased to 160 mm to ;

offset the 5 % weight increase expected as a result of the :
shield modifications discussed in section 8.1. The test 1

procedure is described in Appendix 4 and the. results are
discussed in reference [5]. There was-no significant damage.

|

8.4 Accidental Drop Test

Two Titan prototypes were subjected to a total of three one
meter pin drops and three 9 meter drop tests. These ' are
termed drops 1 through 6 respectively and the orientations are-
summarized in Table 2 and reference [5] . Three' pin drops were
required as the lock assembly had only slight contact with the.

~

-1

pin during the first' drop. -Thus drop 1 was repeated in the
same orientation.

|

!
1

'!

i

1
l

i

O
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Table 2. Drop Test Orientations

'

|
L Drop Drop Height Orientation '

Number

1 1.05 meter onto pin Aligned with lock
' assembly. Titan ;

serial 002.

| 2 1.05 meter onto pin Aligned with lock
- assembly. Repeat

of Drop 1 using
Titan serial 002.

,

3 1.05 meter onto pin Aligned with lock [
'

assembly. Titan
'

serial 003.

4 9.45 meter Upright using 3

serial 002.

5 9.45 meter Top front corner,
.

using serial 002.- ;

6 9.45 meter Onto lock assembly
using serial 003

NOTE: The units were dropped from a 5 % greater height
to offset the increase in weight required to pass the .

'

shielding test. However, the following analysis still
refers to these drops as 1 m and 9 m drops even though ;

the drop heights were 1.05 and 9.45 m respectively.

In each pin drop the unit was oriented such that the primary
impact would be on the lock assembly. This was judged to be j

the most damaging orientation because of the following:- 1

1) It directly affects the shielding system. Damage g

to the lock assembly has the potential to release- :)
the C-990 source assembly.

2) The light weight of the unit implies little damage
to the external titanium shell. This can ' be
justified by considering the following: |

|
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a) There was relatively'little damage resulting: .;'

from drop 1.(See reference [5]'.) Damage was- s

limited to some bending of the front plate of-
#

the unit.
b) There was relatively littl'e deformation to the

shell as a result of-the much_more severe 9 '

meter corner and end drops.
c) There was very little damage to_the shell-as a

result of the horizontal shock _ test and the j
penetration test. The larger-diameter of.the
pin used for the . pin drop spreads' the ' load. '

over a larger area than the pins _used in'the i
horizontal shock and- penetration tests. !

Therefore, less damage to the shell is !

expected from the pin drop. f
,

The pin drop was completed prior to the 9 meter drop as this
sequence of tests is more damaging. Damage tr the lock :
assembly resulting from the pin drop could weaken the unit for i

the more severe 9 m drop, increasing the risk of loss of the j

lock assembly. _;

i

The three drop orientations for the 9 m drops were. judged-to~ ;!
bound all drop orientations while providing objective evidence - !

of the ability of the package - to survive full _ scale drop' j
\ tests. The orientations were chosen on-the basis of the' fact '

that they would cause the maximum shield shift-and the most
damage to the lock-assembly. The goals were to demonstrate-
that the worst case shift of the shield would continue to -
satisfy the requirements of the regulations and to'show that ..

the lock assembly will retain the C-990 under rH rect loading. ]
:

The orientations were chosen on the fo'~owie, cases: j

i

3) The upright drop imparts __tatively high. inertial
loads to the unit and tends to force the shield ;

through the base of the unit.
2) The top front corner drop _provides the least -

surface area and hence results in .the _ greatest ;

deformation. {

3) The combination of the upright and corner drops,on- ;
_

a single unit bounds the damage expected from any^ *

single drop. While this is difficult to justify-
analytically, it is reasonable to assume that two
drops in two different orientations are worse than
any one single drop onto any part of the titanium. ,

i
shell. The damage to the epoxy foam during -the
first drop lessens the support offered to the !

depleted uranium during the second. As 'such, it- |
- will experience a greater shift as a result of'the j

1
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combined drops. This can be partially justified by
comparing the results of drops 4 and 5 to drop 6.
The shield shifted approximately 5 mm as a result '

of the-combined drops, whereas there was negligible
.

shift as a result of. drop 6. (See reference (5). ''

4) The only. time appreciable stresses are imparted'to' :

the lock is during a direct impact. Therefore, the :
'

worst damage to the lock. assembly results from'a
drop directly onto it.

.

. . .

'!

5) The only time significant stresses are imparted.to '

the C-990 is during a direct impact onto the lock. ;

The light weight of the C-990 combined with the ,

flexibility of the teleflex cable make it
impossible to damage the source containment system.
The only way to damage the source assembly is to *

damage the portion in contact with the lock. Since
the lock only sees appreciable stresses during a
direct impact, the only time the C-990 can be 1

damaged is during a drop onto the lock.

The results of the drop tests are described in reference (5).
Radiation surveys completed after the drop showed a maximum ;

radiation field of 1500 mrem /hr on contact wiC1 the lock after
'

extrapolation.to a 120 Ci source. (See reference-[5).) Using
the inverse square law, the field 1 m from the lock is

- estimated to be 19 mrem /hr, whic+ is substantially less than
the 1000 mrem /h allowed by the Regulations. i

The only significant damage observed was the shift of the
radiation shield in serial number 002. It was found that, '

after all drops had been completed, the shield shifted about >

5 mm (0.2 in) during the drops. This is significant as any
movement outside of the lock assembly decreases the support'
offered to the shield in the subsequent fire test. Since the
drop test, the design has been modified to allow for greater..
engagement of the S-tube within the exit port and the actuator
block. (The engagement has been increased from'6.4 mm.(0.25
in). to 9. 5 mm (0. 375 in) . ) This provides an additional safety '

margin to the design. It is submitted that the revised design
will shift less than 5 mm for the following reasons.

1) Serial 002 was subjected to two 1.05 m. drops and
two 9.45 m drops. The observed 5'mm shift was at-
least partially due to the cumulative damage
resulting from the two 9.45 m drops. A single drop
will result in less than 5 mm shift.

This can be partially justified by considering'the J

results of the radiation surveys. Unit 003 had :

negligible shield shift as its radiation fields 'l
O ;
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were lower than those of unit 002. (See reference
[5].)

2) The increase in engaged length provides additional
'

support against lateral motion. |

This change has been implemented under Nordion Drawing Change
Request (DCR) number 2767. It improves the safety of f the :
package relative to the tests completed on prototype units.

'

8.5 Kinking Test

The drive controls were subjected to the kinking test
'

according to the test procedure found in Appendix 4. The
results are found in reference [5]. There was no significant ;

damage.

I
8.6 Crushing Test

!

The drive controls were subjected to the crushing test.
according to the procedure found in Appendix 4. The results
are found in reference [5]. Damage was limited to dents where ,

the heel contacted the cable. However, the torque required to .'drive the source out to the workings position and . back was

() unchanged and within reasonable limits.[5]-

It should be noted that the source guide tubes were also
subjected to this test with similar results.-

8.7 Tensile Test for Controls
i

The drive controls were subjected to tensile tests as
described in Appendix 4. The test resu]ts are summarized in >

reference [5]. There was no significant damage. -i

8.8 Tensile Test for Source Assemblies

Prototype source assemblies were subjected to the tensile test !

described in Appendix 4. The results are found in reference j

[5]. There was no significant damage. |

8.9 Endurance Test

A 20,000 cycle endurance test was completed on Titan serial
002. There were no failures in the projector but there were a
few incidents with the peripheral equipment attributed to the
harsh test conditions. A substantial discussion-on the test
procedure and its results can be found in reference [5].

!

(:) u
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APPENDIX 1. Selected Encineerina Drawinas- |
:

The'following engineering drawings are referenced.in Part 2 |
of this submission. | Current' issues are. included for |

'reference.
;

F125401-013 rev. B' t

K122213-107 rev. A '!
K122213-501 rev. 1 i

K122213-600 rev. D
A17720 rev. E [
QRM064 rev.'O

:

:
!

.

!
.

|

:
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APPENDIX 2. OPERATION OF THE TITAN !

A2.1 Overview
-'

The Titan is shown schematically in Figure A2.1. It ;

'consists of a titanium shell, a lock assembly, an S tube
' cast within a depleted uranium.(DU) shield, a C-990 sealed |

I
source' assembly, and an. exit port. _ Entries into the lock
assembly and the exit port are scaled using end caps. .,

;

The lock assembly is shown in Figuro A2.2 and consists of !

three main parts, the inner plate subassembly, the selectorL l
ring and the outer plate subassembly. The bayonet end cap- +

is installed when the projector is not in use The bayonet
.

connector is used to attach the drive controls to.the lock i

assembly.

At the start of an exposure cycle, the C-990 is secured in j
the S-tube, the selector ring is in the LOCK position, the ;

bayonet and source guide tube end caps are installed, and. !
the push button lock is engaged. This is termed j

transportation mode and in this configuration all ;

requirements for the transport of radioactive materials'are. i

.

.
satisfied. I

In transportation mode, it is impossible to remove the
bayonet end cap. It is also impossible to turn the selector

-

.

ring into the OPERATE position.

To perform an exposure, the radiographer unlocks the push ,

button lock. This allows the bayonet end cap to be removed ,

from the lock assembly and allows access to the C-990 end. !
connector. (See Figure A2.3) The control cable is then-
connected to the C-990, and the-bayonet' connector is ,

attached to the lock assembly. At this point, the remote. ;

control cable and the source assembly are fully connected. <

However, it is still not possible to move the selector ring ,

into the OPERATE position. This action is prevented by an ;

interlock with the projection sheath. ,

:

The source guide tube end cap is then removed and the |
projection sheath is attached. This releases the interlock. t

and allows the selector ring to-be turned counterclockwise
'

into the OPERATE position. The motion is resisted by
springs that bias the selector ring toward'its LOCK .;

position. Once the selector ring has been rotated into the !

OPERATE position, an actuator pin prevents the spring from ;

returning the selector. ring to the LOCK position. -]
" ;
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~ ~In OPERATE, the sealed source is free to crit from the.

' primary lock and the shield. The radiographer then uses the
drive: controls to project the source to the exposure ~ site.

Once the exposure has been completed, the C-990 is retracted ;

into the shield. As it approaches its-secure position,.its i
ilocking ball engages the actuator. This causes the actuator-
'

pin to disengage from the selector ring-causing the ring to
spring back into the LOCK position.- This automatically
secures the source assembly in the-depleted uranium shield.

If additional exposures are planned, the selector ring is
turned back into the OPERATE-position and the' cycle repeats.
Otherwise, the drive controls and projection sheath are-
removed from the unit and replaced with the appropriate end ;

caps, the-push button lock is engaged and the wire seal is-
~

.,

installed. This returns the unit to transportation mode.

A2.2 Design Principles for the Lock Assembly

This section describes the operation of the' lock assembly in
detail. The various lock components are shown in Figure
A2.2.

'( ) A2.2.1 Design Principles for the Lock Assembly

The functions of the lock assembly are:

(a) To secure the source assembly in all positions except' .

!

OPERATE.
(b) To prevent entry into the OPERATE position unless the

control cable has been properly connected to the source
assembly. .

.

-

(c) To prevent entry into the OPERATE position unless the
drive control has been installed.

(d) To prevent entry into the OPERATE position unless the
projection sheath has been securely installed.

(e) To prevent the removal of the drive control while the
selector ring is in the OPERATE position.

(f) To automatically lock the source assembly once it-has
returned from its working position.

i

Each of these functions is described below.

Securina the Source Assemb1v

The C-990 sealed source assembly is shown in Figure A2.3.
^

It includes a two part end connector.- The minor diameter of
Item 8, the connector cap, is the smallest diameter along

; the entire lengthiof the source assembly.

44 October, 1993
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' The C-990 is secured by the selector ring, which is shown in i'
section in Figure A2.4. The smallest width in slot C aligns
with the connector cap in all positions except OPERATE, and
thus retains the source assembly. When the outer ring is in :

'

the OPERATE position, the source end connector is aligned
with the hole at the end of slot C, and the C-990.is free to .-

travel out into the working position. |

Slot C is sized so that rotation of the selector ring from
the OPERATE position to the LOCK position is only possible
if the slot is aligned with the minor diameter of the :
connector cap. It is not wide enough to pass over~the
teleflex cable or any other part of the source assembly.

Preventino Operation if the Control is Improperly Installed ;

A secure connection between a male connector and the~ female
C-990 connector is shown in Figure A2.5. If the male -|
connector has not been securely connected to the female, the ;

overall length of the connector assembly exceeds the length ;

of a secure connection. 1

In order to turn the selector ring into the OPERATE

.O-
position, the bayonet connector must be. fully inserted into
the lock assembly. An improper connection results in
interference between the unconnected assembly and the '

bayonet connector, thus_ preventing the full insertion of-the j

connector into the lock assembly. This makes it impossible '

to turn the bayonet connector and prevents operation if the q
control cable has not been securely connected to the. source- !

assembly.

Preventina Operation without'the Drive Control
!

IThe lock is shown in section in: Figure A2.6. (This section
is different from the one shown'in Figure A2.4.) It is Ji

prevented from moving into the OPERATE position by'two _

i
interlocks. One of these interlocks is with the bayonet
connector. 1

Movement into the OPERATE position can only be achieved if
the cam follower pin is pushed into slot D. This only-
happens if the bayonet connector'is inserted and rotated 90L i

degrees. Interference between the cam follower and the :

connector causes the follower to move radially outward
against the action of a spring.
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\_/ Only.the bayonet connector can engage the cam follower. The

bayonet end cap is similar to the bayonet connector. ,

However, its smaller major diameter does-not engage the cam -

,

follower. Thus, the cam follower is not pushed into slot D
and the. selector ring cannot be rotated into OPERATE. i

Preventina Operation if the Proiection Sheath is not
,

Installed

The lock assembly includes an interlock with.the projection'
sheath. The interlock is shown in Figures A2.1, A2.6 and
A2.7. Rotation into the OPERATE position is prevented by .

the engagement of the interlock pin in slot Bl. (See Figure
A2.6.) The head of the pin is-located in the outer plate
subassembly and its tail extends.through the selector ring i

and inner plate subassembly. The tall meets with a cable. r

(See Figure A2.7.) The other end of the cab 3e is connected;
to a pin that projects into the exit port. ;

Installing the projection sheath depresses the pin which
ultimately causes the interlock pin to disengage from slot
Bl. This allows the selector ring to be rotated into the
OPERATE position.

. ]s The source guide tube end cap does not engage the pin in the. -

\ exit port. This makes it impossible to' reach the OPERATE
position while the source guide tube end cap is installed.

Retention of the Drive Controls while in OPERATE

Figures A2.2 and A2.6 also shows a locking bar. Its
function is to prevent the removal of the bayonet connector
once the unit is in OPERATE mode.

The locking bar is related to slot E in the selector ring. ,

(See Figure A2.6.) It is constrained to vertical motion by
a slot in the outer plate. Rotation'of the selector' ring
causes the locking bar to move upward. As soon as.it leaves '

the lower position, the locking bar prevents the-rotation of
'

the bayonet connector. This prevents the removal'of the
drive controls from the lock assembly once the selector ring
has been rotated into OPERATE.

Returnina to the LOCK Position once the Source Assembly
Returns

Rotation of the selector ring into OPERATE is resisted by
springs. (See Figure A2.2.) The springs bias the ring toward
LOCK. |

'

46 October, 19931

j

.



,. . ..

.

i

|

!

I

TR-9303-N990 rev A
1

~

IOnce the selector ring has been rotated into the OPERATE .
position, the' actuator pin enters slot B2, and prevents:the
selector ring from returning to LOCK. (See Figure A2.6.):
The head of this pin is within the outer plate and its tail
extends through the selector ring and inner plate assembly

~

to the actuator.

The tail of the pin can be engaged by a spring loaded
actuator. (See Figure A2.2.) The actuator is_ biased;toward
the shield and the control cable' moves freely through the
actuator.

The C-990 source assembly includes a locking ball. Upon'the 4

return of the source to its shielded position, _the locking |

ball engages the actuator. This causes the actuator to push-
the actuator pin out of slot B2.- (See Figure'A2.6.) This
allows the springs to snap the selector ring into the LOCK
position and secures the C-990.

A2.2.2 Design-Principles for the Push Button Lock

The push button lock is an off-the-shelf component. It may.

be locked without the key. Its functions are:

. a) To secure the bayonet end cap or.the bayonet connector. ,

b) While engaged,_ to prevent rotation of~the selector ring-'-

into OPERATE
c) To enable the selector ring to be secured in its LOCK-

position at all' times.
->

Securina the Bavonet End Can or the Bavonet Connector

Engaging the push button lock causes a pin to enter through~
a lock pin and into the selector ring. (See Figure A2.6)_
The only time this can happen is when the locking pin is in-
its lower position. When the push button lock pin.is :;

installed through the locking pin, the locking plate cannot
move.

The bayonet connector and the bayonet-end cap _have recesses
that accept the locking pin. (See Figure A2.6.) If the
locking pin is within the recess, neither connectors can be;
turned. Thus, with the push button lock engaged it is
impossible tocremove either the'end' cap or the' bayonet
connector.

l)
'
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Preventina Rotation into OPERATE while LOCKED'

In addition to the interlock between the bayonet connector
and the cam follower there is also an interlock between the
push button lock and the selector ring. In its locked
position, the push button lock pin engages a hole in the
selector ring and prevents it from turning into the OPERATE
position. (See Figure A2.6)

Enablina the Selector Rina to be Secured in the LOCK
Position

In the event that both the bayonet end cap and bayonet
connector are lost, it is still possible to secure the
selector ring in the LOCK position. In this case, the lock
pin is in its lower position and its hole is aligned with
the push button lock. It is also aligned with the selector
ring. This enables the push button lock to engage both the
lock pin and the selector ring. This prevents the rotation
of the selector ring into the OPERATE position.

Q
.J

A

-

S

/''N
! >

#
48 October, 1993

|



D
~kti Ihi 'q/ }}~ !,

~ 3o3-"*9 m'^i,.

U p,
, ,A ==- Ily[!

M@i_i_ M ; %s
'

-

i N :~ .1,m P/ *o,

'tT
-

.Y:
'

.

s
k

:;- w,- i
N ,r Y kit ,b. i

'

n u -

N it - g s\y / e,\ $

h b Io
% f ;
N 8 s

.

-

N aN 9 / e

.

.

'

// q
'

N /q/:x g- .

_

/f
in ; -.

N l's
. :z. ip& A

y;. ,m
. %4W:: -

+
. z

, m
''

N 'i J; - ), Ii

|

49 October, 1993

|
:

.s



. - _ . . = . . . . ._

.

'

~.

f

f

.-
. TR-93 03-N990' rev A - 'I

-- )
-!

i

,

i
,

#10 SCREWS (2) t

\ INNER PLATE SUS-ASSEMBLY |

'

* v ,#
|

g

P!VOT PIN 'w'k O N 3 -
iN '

.i .

_ _ . . PIN HOLES
.iACTUATOR BLOCK h a' fiINTERLOCK PIN

/ ,5 ;ACTUATOR
'!

O,,,if'
'

D '
#4 SCREWS (4) .

PIN SPRING
,

O. ACTUATOR SPRING '

OUTER PLATE SUB-ASSEMBLY -:
.

. . , * * , ~s%s - e' LOCK PIN u
-

"..,'' -
-

, * . , ' . AND TWO*g ,, LOCK PIN '~
g 'O ''$, %s%> -

-

SPRINGS -;'
INNER Pt. ATE

'

LOCKING BAR..,- ./' e O a ;e
'' '#g . . , , .

'
Q*# -

/ PUSH BUTTON LOCK.
.

COMPRESSION SPRINGS (3) ' * , , # **
?

A
- -

- ' ,

o '-
OUTER PLATESELECTOR RING ' , , :j

CAM . i * , , g CAPS (3) l
''

ACTUATOR PIN I

PIN SPRING '.
COVER PLATE

j
, , ,

@ }1/4*-20 SCREWS (3)
;

!JQ
i

\
. DAYONET END CAP

BAYONET CONFJTOR ~ .)
..

Figure A2.2' Exploded view of the Lock Assembly.
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Parts list TR-9303-N990 rev A -

f,)I 1. Control cable
2. 0898 Male connector -1
3. D899 Female connector
4. Locking pin
5. Locking collar -

6. Compression spnng
-- 27. Spnng prn &

8. Connector cap
9. Crimp

10. Crimped and threaded locking ball
11. Pig tail cable
12. Crimp

4 Jv nal: *lt A A p
15. Base capsule P 4

L ^5

4 ~S
i

'
7

1.805 in.
(46 mm)

|
' -9

y

<
-10

0.310 in. Dia*.f
( (8 mm) *

7.24 in.
(184 mm)

J

i

Notes

1. Conforms to iAEA Special Form requirements
(AECD Certficate No CDN/0001/S)

2. Manufactured to Nord:on Specification
~

ll

IS/TS 0010 C000
3. Used with the Titan Gamma Radiog aphy

Exposure Device
4. The female connector has the following

,

informanon engraved. I2
DANGER I

13RADIOACTIVE r.
*

NH
IR192 C990 .

_ $4
y

SERIAL NO. (as specified) 4 15

Figure A2.3 The C-990 Sealed Source
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-Chapter One '

.

Introduction

1-1 GENERAL 4
i

The Nordion MM is a Gamma Ray Projector built to handle the most demanding
industrial radiography applications. Designed to fit pipes more securely, the MM is
rugged, reliable, easy to handle and can stand up to the toughest working conditions. The
Nordion C-990 is the Source Assembly used for MM radiographic exposures.

1-2 REGULATORY REQUIREMENTS

The operation of this radiographic product is subject to regulations. Please check with your . |D national and local authorities.[V
1-2-1 Packaging

.'-,

This product meets USNRC, USDOT, AECB and IAEA regulations for Type B(U) packages.
,

No overpackis required.

1-2-2 Source Assembly _(C-990) -

Nordion C-990 source capsules meet IAEA requirements for Special Form radioactive
material (AECB Certificate No. CDN/0001/S). Replacement sources are normally shipped '

to a licensed user in a Source Changer. :
,

1-2-3 Source Changer

Source Changers must conform to IAEA Type B(U) requirements. See Chapter Six -Source -
Changer.

1-3 OPERATOR'S RESPONSIBILITIES
,

The MM and its peripheral equipment have been designed in accordance with various

intemational standards and regulations. Full compliance with these standards requiresc
operator cooperation.

93 Oct Chapter 1. Page 1 . TITAN
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Operator's responsibilities include:

'(# i

a) Obtaining and obeying local and national regulations. The MM must be
operated by trained and licensed personnel. Records of training must be
maintained by the user.

b) Using safe practices and operating the unit in accordance with this manual. You
must read and fully understand this manual before operating the MM .

c) Inspecting and maintaining the unit according to this manual. Modifications to
the unit or its peripheral equipment are not permitted. See Chapter Five -
Maintenance.

d) Maintaining inspection and maintenance records,

e) Attaching an owner's label and a current source identification label. Source
serial numbers and MM serial numbers should be tracked.

f) Locking and safely storing the unit when it is not in use.

g) Safely securing the unit in transport away from the public and photographic
materials. Transportation of the unit must be in accordance with this manual '

and local / national regulations. See Chapter Four- Transportation and Storage.

h) Keeping emergency procedures and shipping papers in accessible and readily
visible areas in the transport vehicle.

i) Reporting incidents and accidents to the local competent authority.

O

,

,

i

1

|

A
U

i
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Chapter Two

Descrietion

2-1 GENERAL

Described as the " light heavyweight", the Nordion MM has an optimized shield design
within a lightweight titanium case. The MM projector is curved to fit pipes more
securely and its broad base provides greater stability. See Figure 2-1-Main Cornponents of
IheNordion TITAN.

GAMMA RAY PROJECTOR

1 s. !

J 1O p. ' .

toCK ASSEMBLY oj

\ ,, g SOURCE GUIDE TUBEi .

L k, - !: iu.

k, ,\.:,
( ', - ', |

DRfVE CONTROLSj

?

|

'l
O 1

'.-

!.
k.

1

-0--
Figure 2-1

Main Components of the Nordion TITAN
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g-2 SPECIFICATIONS
isotope: - Ir-192

Half-Life: - 73.8 days

Capacity: - 120 Ci(4.44 TBq)

Shielding: - 30 lbs. (13.5 kg) depleted uranium metal

Projector: - All titanium

length: 12.0 in. (305 mm)
Width: 6.75 in. (171 mm)
Height: 10.13 in. (257 mm)
Weight: 44.0 lbs. (20 kg) including shielding

Plstof Grip Control: - Weight: 3.85 lbs. (1.75 kg)

Source Guide Tube: - Length: 7.0 to 21.0 ft. (2.1 m to 6.4 m)
Weight: 1.4 lbs. to 4.4 lbs. (0.65 kg to 2.0 kg)

Drive Controls - Length: 25 ft. (7.6 m)
Weight: 14 lbs. (6.4 kg) including Teleflex Cable
(manufactured by Teleflex inc.), Cable Sheath,
and Bayonet Connector

rN

U Operating Specifications:- Standard Cable Sheath length on Drive Controls is
25 ft. (7.6 m)
Standard source can travel up to 21 ft. (6.4 m)

2-3 PERIPHERAL COMPONENTS

2-3-1 Drive Controls

The Drive Controls include a steel Teleflex Cable which is projected by a Pistol Grip Control.

A male connector on the Teleflex Cable attaches to the female connector on the Source
Assembly and moves within a flexible teflon lined Cable Sheath covered in yellow PVC.

A radiographic source within the TITRR is connected to the releflex Cable and a Cable
Sheath is fitted to the Lock Assembly. When turned in a counter clockwise direction, the
Pistol Grip Control transfers the source out of the projector and through the Cable Sheath
to the exposure position. A clockwise rotation retracts the source back into the projector.
The IITRR recognizes the return of the Source Assembly, and automatically secures the
source in the stored (shielded) position.

f3
.

Descnption Chapter 2. Page 2 93 Oct
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p 2-3-2 Source Guide Tube
v

The Source Guide Tube includes a protective yellow PVC cover. It consists of up to three
7 ft. (2.1 m) lengths. Two lengths of the Intermediate Section connected together with a
Terminating Section provide a totallength of 21 ft. (6.4 m).

The Terminating Section has a Source Stop and must always be used to positively locate the .

source. The Source Stop avoids accidental ejection and also prevents debris from jamming
the source in an exposed position. See Figure 2-1-Main Components of the Nordion TITAN.

2-3-3 Source Assembly (C-990)
.

TheTITRR is designed to operate with a Nordion C-990 somte. Iridium 192 is scaled withn.
the source capsule and crimped to a short length of Teleflex Cable.The opposite end of the -
Source Assembly has a connector for positive attaciunent to the Drive Controls. See Figure
2-2-Source AssemNy (C-990).

The Source Assembly meets IAEA requirements for Special Form radioactive material

(AECB Certificate CDN/0001/S).

(3 $ N | Y )
N,,)

i

i

Figure 2-2 j

Source Assembly (C-990)

2-4 DEFINITIONS l
i

This section defines components and terms that appear in this guide. The component names
or terms, shown in bold, are followed by altemate names within [ square brackets]. All

Component Names are capitalized throughout the main body of the text. See Figure 2-1 ;

-Main Components of the Nordion TITAN and Figure 3-1 -TITAN Cross-section. \

Actuator Pin:-A mechanical component inside the Selector Ring that holds the Selector
Ring in the ' OPERATE' position.

Bayonet End Cap:-Plugs the Entry Port when the Drive Controls are not connected to -
the Gamma Ray Projector.

Cable Sheath: -A flexible stainless steel casing with a protective bright yellow PVC cover -
that is used in the Source Guide Tube and in the Drive Ctmtrols.

Collimator: [ beam limiter]-A device used to limit the size, shape, and direction of the
primary radiation beam. It is attached to the Source Stop.
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h Drive Controls: [ controls, drive cable, control cable] -A manual device attached to the
h. Gamma Ray Projector that enables the Source Assembly to be exposed or retracted. It ;

consists of the following:

a) Teleflex Cable - 50 ft. (15.2 m) long and housed within the Cable Sheath,

b) Cable Sheath - two 25 ft. (7.6 m) lengths.
.

c) Bayonet Connector - affixed to the Cable Sheath, it is attached to the the
Projector using a push and twist motion.

d) Pistol Grip Control - a manual remote control device attached to the opposite
end of the Cable Sheath used to project and retract the Source Assembly to !

'

perform an exposure.

Entry Port: -Where the Drive Controls are connected to the Gamma Ray Projector.

Exit Port: -Where the Source Gede Tube is connected to the Gamma Ray Projector and |
where the source is projected from the exposure device. ]

Gamma Radiography System:-All components necessary to make radiographic
exposures, including the Gamma Ray Projector, Source Assembly, Drive Controls, and other
components associated with positioning the source such as the Source Guide Tube, Source j

Stop, and Collimators.

Gamma Ray Projector: [ exposure device, gamma ray exposure device (GRED), pro- |
jector) -A shielded device that permits the controlled projection of a sealed source for the ;

purposes of radiography.

Interlock:-The Interlock is a mechanical connection between the Exit Port and the Selector
'

Ring. This feature of the TITM requires connecting the Source Guide Tube to the projector
before the Selector Ring can be tumed to the ' OPERATE' position. See Figure 3-1-TITAN j
Cross-section.

,

J

Lock Assembly:-Anassemblyconsistingof theSelectorRing,aninnerplateassemblyand ;

an outer plate assembly. See Figure 5-1-Exploded View ofLock Assembly. The Lock Assembly j

secures the Source Assembly when in the " store" position. j
l

Locking Pin:-A small pin on the side of the Source End Connector that is used to push
down the Source Assembly's spring loaded locking collar to permit connection of the female
Source Assembly Connector to the male Teleflex Cable connector.

Push Button Lock:[ lock]-A lock that, when engaged, prevents the rotation of the
Selector Ring. |

I

Radiation Safety Officer:-The person selected to be responsible for radiation safety in an j

organizatic,n. Also called by other names such as " Radiation Protection Officer" and
" Radiation Safety Manager."

Selector Ring:-Two-positions: ' LOCK' and ' OPERATE'. While in the ' LOCK' position,
the source is secured in the shielded position within the projector. When in the ' OPERATE' ;

position the source may be projected from the shield.

Source Assembly:[ pigtail, source]-A component that includes a small capsule
L containing iridium 192, and a connector that attaches to the drive cable. The connector and j

capsule are crimped onto a short length of cable.

Desenption Chapter 2 - Page 4 93 Oct
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rm

,

h *

:) ' )
LOCKING PIN

Figure 2-3
Source End Connector

Source Changer:-Used to transport new sources to the customers and return old sources
to Nordion.

Source End Connector:-The female connector at the end of the Source Assembly that
mates with the male connector on the Teleflex Cable (See Locking Pin). Refer to Figure
2-3-Source End Connector.

Source Guide Tube: [ projection sheath)-A flexible tube for guiding the sealed source
from the Gamma Ray Projector to the Source Stop. It may be up to 21 feet long consisting of

t the following sections:

a) Terminating Section: (7 ft. long)- section to which the Source Stop is attached,

b) Intermediate Section: (7 ft. long) - used between the TITRfl and the
terminating section.

Source Guide Tube End Cap:-Plugs the Exit Port when the Source Guide Tube is not
connected to the Gamma Ray Projector.

Source Stop: [end stop, exposure head)-Locates the sealed source at the desired focal
position. It is attached permanently to the Terminating Section of the Source Guide Tube.

O
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Chapter Three

O eration .

.

3-1 GENERAL

The portability and light weight of the TITAR makes operation easy. Nordion's Ganuna
Ray Projector is shielded and self-contained. This unit uses a C-990 source for the
radiographic inspection of steel and light alloy sections. ,

The TITAR 's titanium case contains a radiation shield of depleted uranium. Through
computer analysis all excess weight has been removed to form a fully optimized radiation
shield.

3-1-1 Component Overview -

The TITAR , as shown in Figure 3-1-TITAN Cross-section, consists of the following:

s7ongpvOgETon E ^ " "
F Sou C ASSEMBLY

END CAP GUM TUBE ,,,,;,,,,,

. N/!!$/////////W/////$
i .. ' ~; PROJECTION ACTUATOR
! I' SHEATH PUSH BUTTON

. INTER, LOCK \c .

LOCK
..... e

,
. . ?. *,, * ***

b

'... W - ..' ' \' A rm n< g/ -

: p ;
gg * "r gN? P-

s. .m p__,,,,
'

EXIT 0 /'
,

" " '

$ . > i

y|PRESSION- j(xx 7
6,0 c

pp
_ . _ _ . _ ,

- (10F S)_.

\\\\ i BAYONET CONNECTOR
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Figure 3-1
TITAN Cross-section ;
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p an S-tube, cast within a depleted uranium shield,.

V a Lock Assembly, including the Selector hg.
,

1
'a Push Button Locke

a C-990 sealed Source Assembly,=
,

a port for the attachment of a Source Guide Tube,e

a port for the attachment of a Drive Control.e

Entry & Exit Ports-The Entry Port and Exit Port at eitherend of the S-tube are sealed using ,

end caps. A Bayonet Connector attaches the Drive Controls at the Entry Port and a threaded i

connector fastens the Source Guide Tube at the Exit Port.

End Caps-Each Port has a mating End Cap that is stored on the case when the unit is in 1
1

| use.
-

'3-2 OPERATING PRINCIPLES 4

!

l

i

3-2-1 Overview ,

\\

At the start of an exposure cycle, the C-990 is secured in the centre of the S-tube, the Selector ,

Ring is in the ' LOCK' position, the Bayonet and Source Guide Tube End Caps are installed, ]
and the Push Button Lock is pushed in with its key removed. This is termed " Transportation ;

Mode" and in this configuration all requirements for the transport of radioactive materials .!
are satisfied.

In Transportation Mode, it is impossible to remove the Bayonet End Cap. It is also impossible j
to tum the Selector Ring into the ' OPERATE' position. ]

i

1To perform an exposure, the radiographer unlocks the Push Button Lock. This allows the
Bayonet End Cap to be removed from the Selector Ring and allows access to the C-990 Source )
End Connector. The Teleilex Cable is then connected to the C-990 Source Assembly, and the -j

Drive Controls are attached to the Lock Assembly. At this point, the Teleflex Cable and the . )
Source Assembly are fully connected. However, the Interlock prevents the Selector Ring
from moving into the ' OPERATE' position. The Source Guide Tube End Cap is then
removed. Attaching the Source Guide Tube releases the Interlock and allows the Selector j
Ring to be turned counterclockwise into the ' OPERATE' position.The motion is resisted by
springs that bias the Selector Ring toward its ' LOCK' position. Once the Selector Ring has
been rotated into the ' OPERATE' position, an Actuator Pin prevents the spring from
returning the Selector Ring to ' LOCK.

;

- In the ' OPERATE' position, the Source Assembly is free to exit from the shield. The
radiographer then uses the Drive Controls to pmject the source to the exposure site.

Once the exposure has been completed, the C-990 Source Assembly is retracted into the

|- shield. As it approaches the ' LOCK' position, its locking ball engages an actuator. The

| p Actuator Pin becomes disengaged and allows the Selector Ring to spring back into the

C/ ' LOCK' position. This action automatically secures the Source Assembly in the depleted
4

uranium shield.

|
''
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|f] If additional exposures are planned, the Selector Ring is tumed back to the ' OPERATE'
-(/ position and the cycle repeats. Otherwise, the Drive Controls and Source Guide Tube are - ;:

removed from the unit, the appropriate End Caps are fastened to the Entry and Exit Ports, : .}
. and the Push Button Lock is pressed in. This returns the unit to Transportation Mode. -

The safety features built into the UtfEl require that to expose the source, you must: ;
;

unlock the Push Button Locke

securely connect the Teleflex Cable to the Source End Connector j.

attach the Source Guide Tube (s), f.
.

attach the Drive Controls, .;.

turn the Selector Ring to the ' OPERATE' position.e

3-3 SITE SAFETY PRECAUTIONS

Only perform radiography in a restricted area where boundaries are clearly defined. Place I

appropriate radiation waming signs and physically secure the area against unauthc,rized
entry. The radioactive source emits highlevels of radiation and therefore it is a good practice ,

to operate the system from as great a distance as possible.

Operation Distance Calculation -To calculate the muumum distance for operation, use !

the inverse square law: that is, double the distance results in quarter the level of radiation. !

LO
~ :

- 3-3-1 Personnel Precautions

1'
WARNING: All personnel shall wear a Thermal
Luminescent Dosimeter (TLD) and shall carry a radiation j
survey meter capable of measuring dose rates of 0.02
mSv/h (2 mrem /h) to 100 mSv/h (10 rem /h) .

In some countries, including Canada and the United States, regulations require a direct
reading dosimeter to be wom in addition to the TLD. Some countries also recommend an 1

'

audible " beeper" pocket alarm. Check with your local authorities.

CAUTION: Food and drink should not be permitted in the 1
vicinity during the operation of the projector. i

-

3-4 OPERATING PROCEDURES
_

3-4-1 Inspection

A daily inspection and the required maintenance procedures must be completed prior t'o .
using the UtfNI . Refer to Chapter Five.

_
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Figure 3-2
;

Removing the Bayonet End Cap
,

|
,

WARNING: Proper operating procedures and regular i
inspection and maintenance will ensure that the TITRQ |

operates safely.O
3-4-2 Source Guide Tube Layout

!

1. Secure the Source Stop of the Terminating Section at the radiographic focal
position. Use of a collimator is recommended. ;

2. Determine the position of the TITRQ and lay out the Source Guide Tuoe as
straight as possible. Avoid bend radiiless than about half a meter (20 inches) to
prevent restricting the source movements. Do not connect the Source Guide
Tube to the IITRR at this stage.

CAUTION: Ensure that the Source Guide Tube does not4

contact any surface at a temperature greater than 60 C
(140 F).

,

CAUTION: Position the projector and peripherals in a
,

manner that minimizes the risk of accidental damage
caused by crushing or by falling objects (vehicles or
closing doors).

WARNING: Ensure that the "available length" of the .!
*

Teleflex Cable on the Drive Controls is greater than the i

totallength of the Source Guide Tube. lf the Teleflex Cable
is shorter than the Source Guide Tube, the source cannot

,

be projected all the way to the Source Stop and correctly
placed for exposure.
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3-4-3 Connecting The Drive Controls

3. Unlock the Push Button Lock with the key.

4. Turn the Bayonet End Cap counterclockwise to remove it. See Figure
3-2-Rernoving the Bayonet End Cap. \

5. Secure the Bayonet End Cap in its storage position on the front of the MAD
just below the handle.

6. Crank the Pistol Grip Control and expose the male portion of the Teleflex Cable
(the ball +nd of the cable). |

7. Locate the MRR 's Source End Connector and press back the spring-loaded
Locking Pin with a thumb nail. See Figure 3-3-Engaging the Source End
Connector.

;

8. Engage the male and female portions of the swivel coupling. Ensure that the
spring loaded Locking Pin retums to its original position and the connection is
secure.

9. Insert the Bayonet Connector and rotate it clockwise 90 degrees. The Drive
Controls are now coupled to the projector. It should engage freely. If any force ;

is required, then a correct connection has not been made. See Figure '

3-4-Connecting the Bayonet Connector. \

i,

WARNING: Difficulty in attaching the Bayonet Connector,
may indicate that a proper source connection has not been
made or that the Selector Ring requires maintenance. )
Investigate and take appropriate action before proceeding I

further.

;
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Figure 3-3

Engaging the Source End Connector
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Connecting the Bayonet Connector
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Figure 3-6

Connecting Source Guide Tube

10. Keep the Selector Ring in the ' LOCK' position until you are ready to start the
exposure.

3-4-4 Performing a Radiographic Exposure

11. Unfasten the Source Guide Tube End Cap from the projector and installit in the
storage receptacle. See Figure 3-5---Store End Caps on the TITAN.

WARNING: Once the Source Guide Tube End Cap is
removed, higher radiation fields will come out the Exit
Port. DO NOT come into the path of the radiation beam,

emitted from the open Exit Port.

12. Connect the Source Guide Tube securely. See Figure 3-6-Connecting Source
; Guide Tube.

13. Check the surface of the projector with the area radiation survey meter. This is
! a precaution only to ensure that the meter responds to radiation. Record the

radiation levels for later verification that the source is in the shielded position
after exposure.

14. Verify that the Intermediate and Terminating Sections are correctly connected.

15. Ensure that no unauthorized personnel are inside the Restricted Area or
Exposure Room. Make sure that warning signs are posted.

16. Rotate the Selector Ring counterclockwise to the ' OPERATE' position. When
the indicator points to ' LOCK', the Source Assembly is secured in the shielded

O position. When the Indicator points to ' OPERATE', the Source Assembly is free
to travel.

,

|
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NOTE: Excessive tension in the Teleflex Cable (for
example, the Pistol Grip Controlis snagged) mayprevent
the Selector Ring from remaining in the ' OPERATE'
position.

17. Position yourself at the Drive Controls and verify that all personnel have left
the estricted area.

18. Rapidly rotate the Pistol Grip Control in the ' EXPOSE' direction
(counterclockwise) to transfer the source out of the TITRD and into the
radiographic focal position. There will be some resistance when the source
reaches its stop. DO NOT USE EXCESSIVE FORCE.

19. Set the brake to 'ON', at the Pistol Grip Control, to prevent any movement of
the source during exposure.

3-4-5 Exposure

The measured exposure time starts from the moment the source reaches the stop.
,

Survey meter readings observed during the projection operation will significantly increase
from background to a high level as the source leaves theTITRD. Readings will fall as the

source moves into the collimator (if used) and remain steady throughout the exposure.
Actual survey meter readings will depend on the source activity, distance, collimators,

(^ shielding and backscatter (building materials, especially steel, will generate significant
\ amounts of scatter).

.

20. Observe the readings during the sequence of changes. Use the survey meter to
check the boundary dose rate, but spend as little time as possible in the restricted
area to minimize personal exposure. '

21. At the end of the exposure time, set the brake to 'OFF'and rapidly tum the crank
on the Pistol Grip Control in the ' RETRACT' (clockwise) direction until the
crank comes to a stop. Check that the Selector Ring has retumed to the ' LOCK'
position by tuming the hand crank cotmterclockwise. If the Source Assembly
cannot be moved, the Selector Ring should be in the ' LOCK' position.

22. Set the brake to 'ON'.

WARNING: Always check radiation fields as you 1

approach the TITRD. This is the primary means of I

checking that the source is safely stored.

23. Survey the unit. Radiation fields should be the same as they were at the start I

of the exposure. Pay special attention to the fields at the Exit Port.

I WARNING: If the source is still exposed, attempt to store
it properly by cranking it a short distance out into the
Source Guide Tube and retracting it. If it cannot be stored

TN after a few attempts, treat the situation as an
O EstERGENCY. See 7-2-Emergency Procedures.

Operation Chapter 3 Page 8 93 Oct
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|:
. 3-4-6 - Preparing for Storage or Transport

.
. The following.:.rocedure shall be completed every time the TRINI is to be moved. |

.

. , ,. . 'l

24. Unfasten the Source Guide Tube and replace it with the Source GuideTube End j
' Cap.

' 25. Replace the plastic caps or fasten both open ends of the Source Guide Tube: ;

together to form a closed loop.
'

,

26. Remove the Bayonet Connector. ;

,

27. Disengage the Source Assembly from the Teleflex Cable.

28. Replace the Bayonet End Cap in the Entry Port. ;

29. Press in the Push Button Lock.'
'

.

WARNING: The Tl13El should always be locked when
not under direct surveillance of a licensed radiographer or. I

'
assistant.

30. Check the entire surface of the TITIElwith a survey meter. When loaded with ;

120 Ci of Ir-192 in a C-990, the radiation field should not exceed 200 men /h {
'

on contact with the unit,50 mrem /h 50 mm (2 inches) from the surface and 2

mrem /h one metre (39.4 inches) Lom the surface.

I
| WARNING: If the radiation fields exceed the above limits -

treat the situation as an EMERGENCY. Do not proceed
further unless the'cause of the high field has been'.
determined and corrected. |

|!31. If ' the TitfNI is to be stored or transported, install a wire seal between the -
Source Guide Tube End Cap and one of the four holes provided on the front of -|
the unit. )

i

l
.. ;

|
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Chapter Four ;
'

Transeortation and Storaee
,

I

4-1 REGULATIONS
i

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods
>

'

(TDG) Regulations and the Transport Packaging of Radioactive Materials Regulations,
SOR/83-740, including all amendments.

-

,

'

United States-In the United States, the transport of Radiography Projectors and Source
Changers is govemed by 10 CFR Part 71, and 49 CFR Parts 171 through 179.

International-IAEA Safety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials internationally.

4-2 RECEIVING GAMMA PROJECTORS AND SOURCE CHANGERS -
|

When shipping a radioactive package, the consignee must make arrangements for receiving |

prior to shipment. Upon notification of arrival, the package shallbe promptly picked up at j
'

the carrier's terminal.

1. Upon receipt of the MAR, measure the radiation fields at the surface of the i
'

package and at I meter. These should not exceed 2 mSv/h (200 mrem /h) at the
surface and 20 Sv/h (2 mrem /h) at i meter.

WARNING: If the package has been damaged and the
fields exceed these limits, treat the situation as an
EMERGENCY. Isolate and secure the package in a
restricted area. Contact the appropriate authorities and
your Radiation Safety Officer. See 7-2-Emergency
Procedures.

|
2. Inspect the MAD fordamage.Checktheconditionof thewireseal.

WARNING: If the package has been tampered with or j

damaged, contact your Radiation Safety Officer for further 1

instructions. Do not proceed further unless authorized to
do so. |

3. Record the radiation levels in the receiving report. Enter the isotope (iridium
192), activity, source model number and serial number.

93 Oct Chapter 4 Page 1 TITAN
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g-3 STORAGE / TRANSPORT

When preparing the TITRR for storage or transport, ensure that:

the Selector Ring is in the ' LOCK' position;.

the Bayonet End Cap is installed and the Push Button Lock is engaged;e

the Source Guide Tube End Cap is installed..

CAUTION: the End Caps on the MRR Gamma Ray
Projector provide additional radiation shielding. Always
install the End Caps when the projector is not in use.

the plastic dust caps on the Drive Controls and Source Guide Tube fittings are.

installed.

NOTE: The ends ofIntermediate Sections of the Source
Guide Tube can be threaded together rather than using
the dust caps.

When not in use for extended periods, store the MRQ Gamma Ray Projector in a.

dry, clean and secure area. Lock and secure the storage area to prevent unauthorized
entry.

The door to the storage area must have a waming label with the trefoil symbo'[]
.

G indicating the presence of radioactive material. The radiation levels at the outside
wall of the radioactive materials storage area must be within the limits permitted for
the general public.

4-4 SHIPPING

Prior to transport, ensure that the unit has been properly prepared for transport. Refer to
section 3-4-6 for additional instructions.

WARNING: Never ship a unit that has been tampered with
or damaged.

TheMRH Gamma Ray Projector is licensed as a Type B(U) transport package and needs

no overpack. The level of removable contamination must not exceed 4 Bq (0.0001 Ci)per
2 2

cm , averaged over an area of 300 cm ,

Two completed category labels must be added to opposite sides of the MAR.The
radioactiveisotope("21r), the activity in bc querels (Bq) or curies (Ci) and the transport inaex
(TI) must be recorded on the label. To determine the transport index, the maximum radiation
level in mrem /h is measured at a distance of 1 meter. For example, a package with a !

maximum field of 17 p Sv/h (1.7 mrem /h) at 1 meter would have a TI of 1.7.

r
( Guidance on the completion of the category labels can be found in Table 4-1.

Transponation and Storage Chapter 4 - Page 2 93 Oct
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Q Do not cover or remove any of the permanently affixed plates on the device, as this would 1

O- violate shipping regulations by obscuring important information. ,

!

Refer to Figute 4-1-Radioactive Material Category labels.
i

WARNING: DO NOT ship the package if the dose rates ,

exceed 2 mSv/h (200 mrem /h) at its surface or 20 Sv/h
(2 mrem /h) at 1 metre from any surface. If radiation fields i

exceed these limits, treat the situation as an

EMERGENCY. Do not proceed further until the cause of
the high radiation field has been determined and
corrected.

.

Table 4-1
Package Label Requirements

Label Radiation Level Transport Index
at External Surface (T.I.)

of Package ,

i

RADIOACTIVE I GVHITE) Not more than 0.005 mSv/ h (s 0.5 mrem / h) o
,

RADIOACTIVEII(YELLOW) More than 0.005 mSv/h ( 0.5 mrem / h) More than 0
But not more than 0.5 mSv/ h ( 50 mrem / h) But not more than 1

RADIOACTIVEIII(YELLOW) More than 0.5 mSv/ h ( 50 mrem / h) More than 1
But not more than 2 mSv/ h ( 200 mrem / h) But not more than 10

T.I. - Radiation level in microsieverts per hour at 1 metre from the extemal surface of the package divided by 10.1

(This is equivalent to the radiation levelin mrem /h at I metre from the extemal surface of the package.)

1

4.4 4.4 e.&
a a a

RADIDACTIVE I RADIDACTIVE il RADIDACTIVE III

*Ts:: n:wP """* 47._ ..::w T** 74:: ::Z:.._..::W**i;"** '*

saanemme <sumoer ;een ne mnemnseen

7 Y 7

Figure 4-1 ,

Radioactive Material Category Labels

!
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o TheTITRQ shall be securely stowed in the transport vehicle and shall not be carried in(,) passenger compartments. Acceptable means of securing the unit include passing straps
'

between the handle and the main body and fastening the straps to dedicated fittings. Use of

a securely mounted box or drum is preferred.

A radiation survey must be completed prior to transport.-

TheIITRQmay only be shipped if:

1) Radiation dose rates to occupants are less than 20 p Sv/h (2 mrem /h)

2) Radiation levels from the extemal surface of the vehicle are less than 2 mSv/h
(200 mrem /h)

3) Radiation levels at 2 metres from any point on the extemal surface of the vehicle
are less than 0.1 mSv/h (10 mrem /h).

4) The sum of transport indexes from all packages on the vehicle is less than 50 if
the shipment is not uaier Exclusive Use. (The sum of the transport indexes must
be less than 100 for Exclusive Use shipments.)

WARNING: Transport Regulations do not allow persons
other than the driver and assistants to be in vehicles
containing packages bearing Category 11 - Yellow or-
Category I!!- Yellow labels.

O4-4-,eregerias sningiao ocumeateo

Prepare the shipping documents and include them with each shipment.The shipping papers
must include:

a) The information " RADIOACTIVE MATERIAL, SPECIAL FORM, N.O.S.,
UN2974".

b) The United Nations Class Number "7'

c) The name and symbol of the radionuclide,""21 r". ;

d) The maximum activity of the 1r during transport expressed in unns of !w2

Terabecquerels (TBq) or curies (Ci).

c) The category of the package (i.e. I-white,11-yellow, Ill-yellow). |
f) The Transport Index (TI).- |

g) USNRC Certificate of Compliance No. USA /XXXX/B(U) and Canadian AECB
Approval Certificate No. CDN/1038/B(U)-85 and Special Form Certificate of
Approval No. CDN/0001/S.

1

h) The Shipper's declaration: |
|

"I hereby declare that the contents of this consignment are fully and accurately i
Idesenbed above by proper shipping name and are classified, packed, marked

and labelled, and are in all respects in proper condition for transport by (air,-

sea, road, and rail) according to the applicable international and national ja
'

!: governmental standards."
|
:

1
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. fm In the United States ure the following declaration:
'

"This is to certify that the above named materials are properly classified,
' described, packaged, marked and labelled and are in proper condition for ,

transportation according to the applicable regulations of THE DEPARTMENT
OF TRANSPORTATION." >

i) The shipper must sign and date the declaration. The declaration and signature
'

must appear on the same page that contains the particulars of consignment
listed above.

WARNING: it is the consignofs responsibility to ensure
that the MAR is prepared for shipment in accordance
with all pertinent regulations and this manual. It is the
carriefs responsibility to placard the transport vehicle in
accordance with these same regulations.

4-4-2 Handling

The MRQ is a portable device designed to be carried by one person. When moving the
Gamma Ray Projector, remove the Drive Controls and Source Guide Tube, and replace the

end caps.

Care must be exercised at all times to minimize radiation exposure. For example, no person

should sit on the projector or loiter nearby. Personal dosimeters should be wom at all times.

Only trained personnel should handle the equipment.

4-4-3 Placards -

Canada

Canadian regulations require placards to be applied to all four sides of the vehicle whenever
radioactive materials are shipped. For radioactive Category I or 11 shipments,
non-retroreflective 250 mm x 250.mm placards must be used. For radioactive Category III

shipments, the placards must be retroreflective. We recommend that you carry spare
placards in case one is lost during transport.

WARNING: Regardless of which placard is used,it must
be removed upon entry to the USA and, if necessary,
replaced with appropriate placards conforming to USA
regulations (see below).

United States

in the United States, vehicles are only placarded when radioactive Category III Shipments

are made. The placards are non-retroreflective, and contain the word " RADIOACTIVE."
They must be attached to all four sides of the transport vehicle.

t
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A Rest of the World
I \
%)

Refer to IAEA Safety Series No. 6,1985 Edition (As Amended 1990) and applicable national -

,

er local standards for placarding requirements for other countries.

^

4-4-4 Shipping an Empty TITAN
;

!
'

In order to safely transport the MAR as an empty package, the spent source must be
stored within a Source Changer and raplaced with a' dummy source assembly. In addition, |

each step of section 3-4-6 and the following must be completed:

1) Check the extemal surfaces of the MRR for contamination. The level of |
2 "

removeable contamination must not exceed 4 Bq (0.0001 Ci)percm , averaged
2over an area of 300 cm , ,

f

2) Perform a radiation survey around the unit.
,

3) IfIhe maximum radioactivefield on contact is less Ihan 5 p Sv/h (0.5 mremAs) and Ihere
is no measurablefield 1 metrefrom the package then label the package with the
proper shipping name (Radioactive Material, articles manufactured from
depleted uranium, UN 2909) and with the words:

" Exempt from specification, packaging, shipping paper and certification, i

marking and labeling and exempt from the requirements of Parts 171-178 per ;

49 CFR 173.421-1 and 49 CFR 173.424."
'

Include a notice containing the name of the consignee with the shippmg i

!d documents. The notice should include the statement:

"This package conforms to the conditions and limitations specified in 49 CFR
173.424 for excepted radioactive materials, articles manufactured from depleted
uranium, UN 2909."

4) If the maximum radiationfield on contact exceeds 5 y Svas (0.5 mrem /h) , attach the
appropriate radioactive category label (see Table 4-1). Label the package with the
proper shipping name (Radioactive Material, LSA, n.o.s, UN 2912) and
complete the shipping papers in accordance with section 4-4-1.

I
i

'|

O
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Chapter Five

Maintenance
,

5-1 MAINTENANCE REQUIREMENTS ,

i

TheTITAG is designed to operate with little maintenance. However, periodic inspections
are required to ensure that the equipment is in proper operating condition.These inspections

range from simple daily examination to more detaile/ tections and procedures to be |
completed at every sonrce change. An annual nsenance procedure must also be

'

completed once per year, or more frequently if the unit ha s been used under severe operating
conditions. A recommended maintenance schedule is provided in Table 5.1.

All inspections should be recorded in a dedicated log book. Any component that fails an
inspection shall be repaired or replaced before the unit is retumed to service. ;

WARNING: Inspect all equipment prior to use. Failure to
remove damaged equipment from service may result in
serious injury or death.

Maintenance shall be completed by trained and qualified personnel. All replacement
components shall conform to Nordion Specifications. We recommend maintenance by an
authorized service depot. Contact Nordion International Customer Service for the depot
nearest you. .

-)
!

5-2 DAILY INSPECTION i

The following items must be checked daily to ensure safe operation.

i

5-2-1 Gamma Ray Projector j
!

|

a) Check that the unit, the Drive Controls and the Source Guide Tube have
completed a quarterly inspection within the last three months and an annual
inspection within the past year. If the unit is due for one of these inspections, .

complete the daily inspection procedure and refer to the appropriate section j
below.

b|G
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O b) Perform a routine radiation survey around the TITRfl projector. The survey'

h should be completed with the Source Guide Tube End Cap and Bayonet End
Cap installed. When loaded with 120 Ci ofiridium 192 in a C-990, the radiation
field on contact with the surface shall not exceed 200 mrem /h on contact,50
mrem /h 50 mm (2 inches) from the surface, and 2 mrem /h one metre (39.4
inches) from the surface.

WARNING: If radiation fields exceed the above limits,
treat the situation as an EMERGENCY. Do not proceed
further until the cause of the high field has been
determined and corrected.

c) Wipe test the extemal surface of the TITAN. The method used shall be capable
2 2of detecting any contamination in excess of 4 Bq/cm (0.0001 p Ci/cm ).

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 Ci/cm ) shall be quarantined and the

cause of the contamination determined. Contact your
Radiation Safety Officer for additional instructions. Do not
proceed further unless authorized to do so.

d) Visually examine the external surface of the unit. Verify that all waming and
identification labels are legible and securely attached and that there is no
damage to the titanium shell.

( e) Verify that the Bayonet End Cap cannot be removed from the unit while the
\ Push Button Lock is in its locked position.

f) Check the operation of the Push Button Lock. It should lock and unlock freely.

g) Check that the handle is secure.

h) Check the threads on the end cap storage tube for damage. Clean if necessary.

NOTE: The following steps should be completed during
your first exposure cycle. Refer to Chapter Three for
Operating Procedures.

i) Remove and examine the Source Guide Tube End Cap. Check the condition of
the threads and ensure that the lead insert and teleflex plug are secure within
it.

j) Check the operation of the Dayonet Connector. It should freely engage with the
Lock Assembly.

k) Check the operation of the Selector Ring. Ensure that it turns freely into the
' OPERATE' position and that it retums to the ' LOCK' position at the end of the
first exposure. Difficulty in tuming the Selector Ring into the ' OPERATE'
position indicates that some obstruction is present. Refer to 5-4 Annual
Maintenance.

Maintenance Chapter 5 - Page 2 93 Oct
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,

1e 5-2-2 Drive Controls
h

a) Examine the Cable Sheaths for cuts, dents and broken or loose fittings. Damage
to the stainless steel tube requires the Cable Sheaths be removed from service.
Damage to the yellow PVC casing may be repaired using water resistant vinyl
tape.

,

b) Verify that the plastic end caps on the Control Cable and Source Guide Tube
are present and in good condition. Replace as necessary.

c) Nordion recommends daily examination of the male connector on the Teleflex
Cable using a GO-NO GO gntge. Refer to Nordion Inspection Procedum IS/OP
0046 C000. (See Appendix B.) |

,

!

Id) Check the Pistol Grip Control for damage or loose components. Check the
operation of the brake. With the brake in the 'OFF" position, ensure the crank

'

rotates smoothly. ;

5-2-3 Source Guide Tube
,

a) Examine the Intermediate and Ternunating Sections for cuts, dents and broken ;
i

'

or loose fittings. Remove the Source Guide Tubes from service if the stainless
steel tubes are damaged. Damage to the yellow PVC casing may be repaired
using water resistant vinyl tape.

| /~ b) Verify that the plastic end caps are present and in good condition. Replace as -
'

- necessary. j
c) Examine each section of the Source Guide Tube for obstructions. Check the

condition of the threads. Clean or repair as necessary.
,

;

5-3 QUARTERLY INSPECTION o

-|

IA quarterly inspection shall be completed at every source change, or once every three
months, whichever comes first. It includes a daily inspection plus the following procedures.

I
WARNING: The following procedures shall only be |

| completed with the C-990 Source Assembly safely stored
within a Source Changer. Source transfers should only be'

completed by trained and licensed personnel. a
'j
I

5-3-1 Source Transfer Procedure

Refer to Chapter Six and your Source Changer's User's Instructions for procedures to safely
transfer and store an active Source Assembly. Use a survey meter to check that the Source

j ,

Assembly has been safely stored. j

I
Once the active Source Assembly is safely stored in the Source Changer, disconnect it from

'

rs th'e Teleflex Cable and replace it with a dummy source assembly. (Dummy. Source- q

\ Assemblies can be obtained from Nordion.) |
c

|-
!

I
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,

h 5-3-2 Gamma Ray Projector
V

'

a) Retract the dummy source assembly into the TITRD . Verify that the Selector
hg retums to the ' LOCK' position. ,

b) Disconnect the source transfer hose from the TITRR . Test the function of the 1

Interlock. It should NOT be possible to rotate the Selector Ring into the
' OPERATE' position. '

c) Install the terminating section of the Source Guide Tube.

d) Remove the Bayonet Connector and disconnect the dummy Source Assembly
from the Teleflex Cable. Reinstall the Bayonet End Cap and verify that the

'

Selector Ring CANNOT be tumed into the ' OPERATE' position.
*

e) Remove the Bayonet End Cap. Without connecting the dummy Source
Assembly to the Teleflex Cable, try to install the Bayonet Connector. Verify that

'

interference between the unconnected Source Assembly and the male connector
prevents the Bayonet Connector from being installed.

.

WARNING: Do not force the Bayonet Connector into the
Lock Assembly as this may damage the male connector.

f) Connect the dummy Source Assembly to the Teleflex Cable and install the
Bayonet Connector. Tum the Selector Ring into the ' OPERATE' position. Verify i

ithat the Bayonet Connector CANNOT be removed from the Lock Assembly,

g) Perform ten test exposures using the dummy Sor i. e Assembly. Verify that the
' Selector Ring snaps cleanly back into the 'LOCf. position at the ent of each

*

exposure cycle.

h) Remove Source Guide Tube and perform a swipe test on the S-tube using a pipe
cleaner. The test method used should be able to detect any contamination in

2 2
excess of 4 Bq/cm (0.0001 p Ci/cm ),

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 p Ci/cm ) shall be quarantined and the

cause of the contamination determined. Contact your
Radiation Safety Officer for additional instructions. Do not
proceed any further unless authorized to do so.

5-3-3 Source Assembly

Retum to the Source Changer and inspect the exposed end of the Source Assembly for wear

or other damage. Use a GO-NO GO gauge in accordance with Nordion Procedure IS/OP
0046 C000 (See Appendix B). This test shall be completed on the Source Assembly that will

beinstalled in the TITRn .

WA RNING: Any Source Assembly f ailing this test shall not
be used. Use of a damaged Source Assembly could result

q. in serious injury or death.

LJ
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' 5-3-4 Drive Controls and Source Guide Tube.
,

. I
a) . Return the dummy Source Assembly to the TitfBt projector and remove the |

Bayonet Connector.

b) Disconnect the Teleflex Cable from the Source Assembly. Clean and examine |
the male connector using a GO-NO GO gauge. Refer to Nordion Procedure .{
IS/OP 0046 C000(Appendix B). ;

.t

5-4 ANNUAL MAINTENANCE .

t

:

Annual maintenance shall only be completed by trained personnel and requires the: i

purchase of a tiffB1 Maintenance Kit. The contents of the kit include an approved ,

lubricant, a thread sealant, nine replacement springs, two spring pins and three replacement f

cover caps.

WARNING: The following procedure shall only-be-
completed with the C-990 Source Assembly safely stored a
within a Source Changer. Source transfers shall only be ,

completed by trained and licensed personnel.
~

.

5-4-1 Source Transfer Procedure <

.q Refer to Chapter Six and your Source Changer's User's Instmetions for procedures to safely

' ) transfer and store an active Source Assembly. Check that the source has bem properly stored
'

using a survey meter. .

Once the active Source Assembly is safely stored in the Source Changer, disconnect it from !f
the Teleflex Cable and replace it with a dummy Source Assembly. -|

' 5-4-2 Gamma Ray Projector . |
.

3
Annualinspectionconsistsof thecompletebreakdown,cleaningandlubricationof thelock j
Assembly. It also includes the replacement of several sprmgs within the Lock Assembly. !

6

An exploded view of the Lock Assembly is provided in Figure S-1. The lock Assembly has
three main components, the Selector Ring, the Outer Plate Subassembly and the Inner Plate . -|
Subassembly,

l
The Outer Plate Subassembly consists of several pins and springs all retained by a Cover j

Plate. It also includes the Push Button Lock. The Cover Plate is attached using four. 1

0.112(#4)-10 UNC flat head screws. ,

The Inner Plate Subassembly includes the Actuator Block, the Actuator and the Actuator- {
'

Spring. These are secured to the Inner Plate by two 0.190(#10)-32 UNP cap screws. There are .
.

1
.

also three compression springs loosely held within slots in the Inner Plate.

The Selector Ring includes an Actuator Pin and an Interlock Pin. The Actuator Pin is longer -
than the Interlock Pin and both' pins include springs that fit into the' Outer Plate. !

>

,
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Subassembly. The underside of the Selector Ring includes three nubs that compress springs
q'ss . when the Selector Ring is rotated into the ' OPERATE' position.'

CAUTION: Wear safety glasses during this procedure.
Handle all springs with caution as they may fly out of the
lock assembly.

1

a) Use the parts list provided with your maintenance kit to check that you have
| all the components required to complete the annual maintenance procedure.

b) Retract the dummy Source Assembly into the projector. Verify that the Selector
Ring has retumed to the ' LOCK' position.

,

c) Drill out the three screw caps from the Outer Plate of the Lock Assembly.
Removing these caps allows access to the three 0.2S-20 UNC socket head cap
screws that hold the lock assembly to the TITRR ,

d) Remove the three socket head cap screws. Remove the complete Lock
Assembly. Disassemble it slowly, taking care not to lose any pins or springs.

NOTE: It is easier to remove the complete Lock Assembly
from the TitRR prior to disassembling the Lock
Assembly.

e) Check for cracks or other such damage to the epoxy foam.

#10 SCREWS (2)
INNER PLATE SUBASSEMBLY

n' % ,'

g p PlVOTPIN N s

*s

*% ,

PIN HOLES
ACTUATOR BLOCK Q, a INTERLOCK PIN!,

ACTUATOR i ,,/
ACTUATOR SPRING I"

%.. . PIN SPRING
'

e /
- %/ OUTER TE SUBASSEMBLY

~

'Qg LOCK PINN..

N. h , "
*y y,

/ ANDTWO .
s

'N LOCK PIN I4 . yA ", g . LOCKING BAR ,,, SPRINGSINNER PLATE ,

" "
COMPRESSION SPRINGS (3) .s /

Y OUTER PLATE/-*
oj

11 CAPS (3),/
FOLLOWER f

'
ACTUATOR PtN

|
COVER PLATE PIN SPRING ' . ,, U

"

'
'O

| ' 6 uc-20 SCREWS (3)
~

.

I \
BAYONET END CAP

BAYONET CONNECTOR

Figure 5-1i

Exploded View of Lock Assembly

i

L !

Maintenance Chapter S Page 6 93 Oct



, . _ . -

g
,

L. :j
L

;

p User's Manual .lS/OM 0000 N990 (REV B) -
,

t i
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~

Inner Plate Subassembly -
|.'- -

l' f) Remove the two screws from the Actuator Block and disassemble it. Clean the
Actuator and the Actuator Block. Discard the old Actuator Spring. Check for' !
excessive wear in the Actuator using the dummy Source Assembly. It should

'

be IMPOSSIBLE to pass the locking ball through the Actuator, i

L g) Clean the Inner Plate. j

h) Lubricate the Pivot Pin with Felpro CSA and place the Actuator in the Actuator '|
L Block. Ensure that the Spring Counterbore faces the Inner Plate. Install the new >

Actuator Spring in the Inner Plate. Place the Actuator Block in the register on
,

! the Inner Plate, taking care to align the counterbore with the spring. Use the
thread sealant provided in the maintenance kit to install the two #10 Cap
Screws. |

| Selector Ring
;

i) Clean the Selector Ring, the Actuator Pin and Interlock Pin. Check the fit of the i

pins in their respective slots. They should move freely within the slots and !

should smoothly engage in their holes. Check for wear around the base of the '[
head of the pins. |

!j) Check for burrs and sharp edges on the Selector Ring and,if necessary, file them -
i off. |

k) Check the condition of the three nubs on the underside of the Selector Ring. !

Ensure that they are secure within the Selector Ring. ;
,

Outer Plate Subassembly .
'

!

1) Check the operation of the Push Button Lock and replace it if necessary. ;

m) Remove the four cover plate screws and the cover plate. Use caution as the
'

Cover Plate retains three loaded compression springs.
,

n) Remove and clean the Locking Bar, Lock Pin and Cam Follower. Clean the
Cover Plate and the Outer Plate. Ensure that the slots for the Locking Bar,Iock
Pin and and Cam Follower are thoroughly cleaned.

o) Replace the Lock Pin Springs and Cam Follower Spring with the new ones
provided in the maintenance kit. Lightly lubricate the pins with Felpro CSA and -

| reinstall them in the Outer Plate. Using the thread sealant provided in the
! maintenance kit, install the cover plate using the four #4 screws. Ensure that the

.

screws are flush with the surface of the cover plate.

NOTE: If the screws protrude from the Cover Plate, they'
mayinterfere with the smooth rotation of the SelectorRing.

p) Lightly lubricate the Inner Plate including the three compression spring slots
and the internal surfaces of the Selector Ring. Install new compression springs
in the slots of the Inner Plate as shown in Figure 5-1. I. cave the free ends of the
springs extended from the slots.

l

?. NOTE: The Selector Ring Parts are precision machined
components. Too much grease will cause interference.
Use only a very thin film oflubricant.

93 Oct . Chapter 5 - Page 7 TITAN
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(m q) Align the Pin Slots in the Selector Ring with the Pin Holes in the Inne Plate.

d Rotate the Selector Ring so that the three nubs engage the exposed comp ression
springs on the Inner Plate. I.ower the Selector Ring onto the Inner Phte until '
the Compression Springs and the Selector Ring snap into position. Verify that
the Pin Slots are aligned with the Pin Holes. The Selector Ring should now be
in the 'IDCK' position.

r) Rotate the Selector Ring toward the ' OPERATE' position and install the dummy
Source Assembly.

s) Lightly lubricate and install the Actuator Pin and the Interlock Pin.The Actuator
Pin is longer than the Interlock Pin and goes in the Pin Hole aligned with the
end of the Actuator. It should not engage its hole at the end of its slot when the ,

Selector Ring is in the ' LOCK' position. The Interlock Pin should engage in its
hole. >

t) Install new pin springs in the heads of the Actuator Pin and Interlock Pin.

u) Lightly lubricate the outer diameter and flange of the Outer Plate Subassembly
and mount it on the Selector Ring. Ertsure that the Pin Springs are aligned with
the holes in the Outer Plate. If necessary, depress the Locking Bar until the Outer
Plate snaps into position.

v) Using a thread seahnt, reinstall the Lock Assembly using the three 1/4 - 20
socket head cap screws. Torque each screw evenly to 80-90 in Ibs.

J

, PISTOL GRIP

, .

LOCK NUTS (4)

,/ LOWER CONTROL BOX HOUSING ]

9, 2, WEAR STRIP

CEAR WHER
, WASHER

UPPER CONTROL BOX HOUSING q,'
E '-

,
HAND CRANK )

c,/;,a. n N
'

CABLE SHEATH (EXPOSE SIDE), , ,

O, X[ pBRAKE A +

hh&' &B 'f|} %
~

], sh/ * WASHER .'

',' ' - -
,

,

$ g .' ', 'N
BRAKE BEARING CABLE ADAPTER p) % 5/16" HEX HEAD BOLT -|

BRAKE JAWS p) BALL BEARINGS p)
4

CABLE SHEATH (RESERVE SIDE) #10 CAP SCREWS (4)

- Figure 5-2
'

Exploded View of Pistol Grip Control
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. w) Perform a quarterly inspection to verify the function of the reassembled unit ;

. and all safety features. Once the quarterly inspection has been successfully
completed, install the three Screw Cover Caps using the sealant provided in the ;
maintenance kit, j

- 5-4-3 Drive Controls
.

:

|
Annualinspection of the Drive Controls consists of the complete breakdown, cleaning and .i
lubrication of the Pistol Grip Assembly, the Control Cable Sheaths and the Telellex Cable. -|

Li
An exploded view of the Pistol Grip Control is provided in Figure S-2. Its main components |
are the Pistol Grip, the Hand Crank, the Control Box Housing, the Gear Wheel, the Brake .

and the Wear Strip. -

a) In a clean area, straighten out the Control Cable Sheath. Pull out and coil the
,

Teleflex Cable until you feel some resistance. This indicates that the Stop Spring !

has engaged the gear wheel. Do not use excessive force as this may damage the
stop spring or the gear wheel.

,

!
.

-
1

.

w t

4% ,

D$ g~..,
.

4 s -

}

.. ,

4
e.

P

'

i
L $

i

. Figure S-3
Examples of Teleflex Cable Defects

i

.
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1 U NOTE: The Teleflex Cable coil diameter should not be ;

less than 30 cm (12 inches). i

b) Disconnect the Reserve Tube from the Pistol Grip Assembly and remove the
,

Stop Spring. This allows the rest of the Teleflex Cable to be removed from the
'

PistolGrip Assembly. >
.-,
~'

| c) Examine the Teleflex Cable for kinks and frays. Examples of Teleflex Cable
Defects are shown in Figure 5-3. If no damage is observed, clean the drive cables

'

using a brush and a degreaser.
.

WARNING: Use of damaged Drive Controls increases the !
risk of a stuck source.

P

d) Clean the male connector and check that the crimped connection between the
' '

male connector and the Teleflex Cable is secure. Examine the male connector ;

using a GO-NO GO gauge. Refer to Nordion Procedure 1S/OP 0046 C000 (See |
Appendix B).

e) Remove the Bayonet Connector from the Control Cable Sheath and check that
it swivels freely. Remove the spring pins, clean and lubricate the moving parts
with Felpro C5A. Reassemble using the new spring pins provided in the ,

maintenance kit.
|

f) Label the Cable Sheaths and remove them from the Pistol Grip. (Labels are
necessary to replace the Cable Sheaths in the same orientation.)

'

g) Flush both Cable Sheaths with a solvent degreaser. Blow compressed air :
through the sheaths until they are dry.

.

CAUTION: Perform this operation under well ventilated
_

conditions and in accordance with the degreaser
manufacturer's safety procedures.

,

.|

h) Soak a cloth with solvent degreaser and wipe the external surfaces of the Cable l

Sheaths while checking for cuts, dents or other such damage. Verify _that the
Cable Sheaths flex smoothly and easily without crunching. Damage to the
stainless steel tube' requires that the Cable Sheaths be removed from service.
Damage to the outer PVC casing may be repaired using water resistant vinyl j

tape. |
;

i) Check the area around the Cable Sheath Connectors for damage. Ensure that |
the Connectors are securely fastened to the Control Cable Sheath. 1

j) Verify that the Cable Sheaths are 25 It. (7.6 m) long.

5-4-4 Pistol Grip Control

CAUTION: Wear safety glasses while performing this i

_

procedure. The Pistol Grip Control contains a Wear Strip
that may fly out once the Control Box Housing is opened.

!
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'
a) Remove the F16 hex head bolt and the washer from the Hand Crank. Thisp'Q allows the Hand Crank to be removed form the Control Box Housing. '

b) Remove the four #10 round head cap screws from the Control Box Housing. )
c) While holding the Cable Adapters, SLOWLY remove the upper Control Box ;

Housing.

d) Remove and clean the Wear Strip. ,

e) - Remove and degrease the Gear Wheel. Check for bent or broken teeth. ,

t.

WARNING: Damaged Gear Wheels increase the risk of a
stuck source. Replace damaged components prior to use. i

f) Remove and clean the Cable Adapters. <

h) Remove and clean the brake arm, brake jaws and brake bearing. '

i) Clean both halves of the Control Box Housing. Check that the ball bearings turn -
freely. ;

j) Install one Cable Adapter in the lower Control Box Housing,

k) CAIEFULLY place one end of the Wear Strip against the installed Cable
Adapter, and fit the Wear Strip in the track provided in the Control Box !

Housing.
,

1) Install the other Cable Adapter.

(O m) Install Gear Wheel Washers on each side of Gear Wheel Shaft, and install the |

.

./

Gear Wheel in the Control Housing. Take care not to contact the Wear Strip as ;

this may cause it to fly out of the track.
'

n) Replace the brake jaws, brake arm and brake bearing as shown in Figure 5-2.

o) Install the upper Control Box Housing and check that the Gear Wheel spins j
freely.

p) Reinstall the four #10 cap screws and lock nuts through the pistol grip and
Control Box Housing. ;

q) Replace the Hand Crank and washer using the F 16 hex head bolt. ,

1

r) Install the Cable Sheath on the Cable Adapter that fits on the ' EXPOSE' side of . -|
'

the Pistol Grip Assembly, it should be replaced in the same orientation it was
in at the start of this procedure. Do not install the Reserve Tube.

s) Replace the Bayonet Connector.

t) Lightly oil the Teleflex Cable, place it into the Cable Sheath and feed it into the j

Control Box Housing. Turn the crank to expose a short length of the Teleflex- j
iCable on the ' RETRACT' side and reinstall the Stop Spring.

u) Reinstall the Reserve Tube.

v) Replace cable ties as necessary, j
i

I

~

:-

!
-!

1
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1
- p5-4-5 Source Guide Tubes .j
Nf

a) Soak a cloth with solvent degreaserand wipe the external surfaces of the Source .-
Guide Tubes while checking for cuts, dents or other such damage. Verify that : |

the Intermediate and Terminating Sections flex smoothly and easily without '

crunching. Damage to the stainless steel tube requires that the Cable Sheaths be
removed from service. Damage to the outer PVC casing may be repaimd using
water resistant vinyl tape.' ,

b) Check the area around the fittings for damage. Ensure that the fittings are - !

securely fastened to the Intermediate and Termmating Sections. Verify that the i
threads on the fittings are undamaged.

,

c) Soak a swab in solvent degreaser and run it through the Source Guide Tube I

until it emerges clean. Ensure that no foreign material remains in the tubes.

d) Drop a dummy Source Assembly through the Source Guide Tube. It should *

pass imely through the length of the Source Guide Tube and into the Source
~

Stop.

e) Verify that the Intermediate and Terminating Sections are 7 feet (2.1 metre) long.
t

|

|

O 1
i

:

'. )

t

|

:|
i

I

i
j

1

.|
I

I
i

;

O !
|

|
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TABLE S-1g]t' TTUlO Recommended Maintenance Schedule

Step LEGEND:- Daily Quarterly Annual
X = Requird

(Sourre
R = Recommended g

= Not Required

Gamma Ray Projector

1 Check due date for quarterly and annual X - -

inspection

2 Complete radiation survey X X X

3 Check external surfaces for contamination X X X

4 Check labels and general appearance X X X

5 Check function of Push Button Lock X X X

6 Check that handle is secure X X X

7 Check End Cap Storage Tube X X X

8 Check Condition of Source Guide Tube X X X
End Cap

9 Check engagement of Bayonet Connector X X X

10 Check for smooth operation of Selector - X X X
Ring

11 Verify function of Interlock X -X-

12 Verify that Selector Ring cannot be turned X X-

into OPERATE with End Capinstalled

13 Verify that Selector Ring cannot be turned X X-

into OPERATE if Source is misconnected

14 Verify that Bayonet Connector cannot be X X--

removed with the Selector Ring in the
OPERATE position

15 Perform ten test exposures with dummy X X-

Source Assembly

16 Check the S-tube for contamination - X X

17 Check conter.ts of maintenance kit - -- X

18 Breakdown, clean, replace springs and X- -

reassemble Lock Assembly

Source Guide Tube

1 Check external surface for damage X X X

2 Check fittings X X X

3 Check condition of plastic end caps X X X
-

4 Check for obstructions X X X

5 Pass dummy Source Assembly R X X

93 Oct Chapter 5- Page 13 . TITAN
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'/7 TitRfl Recommended Maintenance Schedule
'

x)
Step LEGEND: Daily Quarterly Annual

X = Required
(Source

R = Recommended g,,g,)
- = Not Required

.6 Verify length R R X '

Drive Controls

1 Check external surface for damage X X X

2 Check condition of plastic end caps X X X

3 Check Pistol Grip Control for damage or X X X
loose parts

4 Check swivel on Bayonet Connector R X X

5 Clean, inspect and oil Teleflex Cable - R X
,

6 Remove and clean Cable Sheaths - - X

7 Check Cable Sheath Connectors R R X

8 Verify Length X X-
;

9 Breakdown, clean and reassemble Pistol X- -

Grip Control

(~] 10 Check Gear Wheel for damage - - X i

v

Source Assembly Maintenance Summary

item Frequency Maintenance

'1. Weekly CLEAN male and female connectors.
LUBRICATE female connector.

2. Weekly CHECK functioning of source locking collar

3. Monthly INSPECP source and drive cable connectors using the
test gauge

4. As required VERIFY length of teleflex drive cable

5. As required CLEAN radiography equipment

6. As required RECORD all maintenance and repairs in the log book

(
k
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Chapter Six

Source Chan ser
6-1 GENERAL

This section describes the storage and shipping of radioactive Source Assemblies and is

applicable to all gamma radiography sources contained in a Source Changer. Source
Changers are used to transport new and depleted sources to and from Nordion and the
customer.

WARNING: The C-990 may only be shipped in a licensed
Source Changer. Ensure that your changer is licensed for
the C-990. If in doubt, contact Nordion international Inc.

D'3 6-2 CHANGING A SOURCE

6-2-1 Regulations

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods
(TDG) Regulations and the Transport Packaging of Radioactive Materials Regulations,
SOR /83-740, including all amendments.

United States-In the United States, the transport of Radiography Projectors and Source
Changers is govemed by 10 CFR Part 71, and 49 CFR Parts 171 through 179.

International-IAEA Safety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials intemationally.

6-2-2 Prerequisite for Changing a Source

The user must be trained and qualified to carry out a source change. 'Ihe operator must carry
a TLD, direct reading dosimeter, and alarm. The operator must also use a calibrated area
radiation survey meter that is capable of measuring from 0.02 mSv/h (2 mrem /h) to 100
mSv/h (10 rem /h).

O
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/q 6-2-3 Receiving Source Changers i

U >

When shipping a radioactive package, the consignee must make arrangements for receiving .]
prior to shipment. Upon notification of arrival, the package shall be promptly picked up at ]
the carrier's termmal. I

a) Upon receipt of the Source Changer, measure the radiation fields at the surface -
of the package and at 1 meter. These should not exceed 2 mSv/h (200 mrem /h)

~ )at the surface and 100 p Sv/h (10 mrem /h) at 1 meter.
|

WARNING: If the package has been damaged and the
radiation fields exceed these limits, treat the situation as
an EMERGENCY. Isolate and secure the package in a j
restricted area. Contact the appropriate authorities and j

your Radiation Safety Officer. See 7-2-Emergency ]
Procedures. i

b) Inspect the Source Changer for damage. Check the condition of the wire seal.

WARNING: If the package has been tampered with or
damaged, contact your Radiation Safety Officer for further
instructions. Do not proceed further unless authorized to
do so. q

- c) Record the radiation levels in the receiving report. Enter the isotope (iridium -

192), activity, source model number and serial number. In addition, record the
model number and serial number of the Source Changer.

d) Read the User's Instructions that accompany the Source Changer.

6-2-4 Source Changer y

!

Many different models of Source Changers may be used for changing a source. Please refer
to the User's Guide that comes with the Source Changer.

6-2-5 Shipping
,

Refer to your Source Changer's User's Instructions for directions on preparing your Source

Changer for transport.

WARNING: Never ship a Source Changer that has been
tampered with or damaged. Ensure that your Source
Changer is licensed to carry the C-990.

:O
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Chapter Seven

Safety

7-1 GENERAL

As an operator, you are required to operate the TITRR in accordance with this manual and -
local / national regulations. The operating instructions and information presented here are
intended only for the use of licensed personnel. Read and fully understand this manual
before beginning operations. You are advised to:

operate the equipment according to the instructions contained herein,.

observe all CAUTIONS and WARNINGS,e

ensure proper maintenance of the equipment,e

( ensure that only properly instructed personnel are permitted to operate thcIlTAR .w .

As an operator of the TITRR , you are required to have the qualifications specified jointly
by your Local Regulatory body and Principal Owner Licensee.

7-1-1 Safety Features

The TITRR incorporates an important new safety feature for Gamma Ray Projectors. That '
is, you cannot release the source from the Gamma Ray Projector unless you have secured ~
both the Source Guide Tube and the Drive Controls. This feature significantly reduces the

possibility of an accidental source disconnect through operator error.

7-2 EMERGENCY PROCEDURES

7-2-1 Operating Emergencies

WARNING: DO NOT handle an unshielded source.
Sources emit high levels of radiation .. Close contact may
cause severe injury or death.

In the event of an emergency, STAY CALM and consider the proper course of action. The

( following steps should be completed before any remedial action is taken:

93 Oct Chapter 7 - Page 1 TITAN -
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y a) Immediately move away from the exposed source.

. .C/ ' increasing the distance between yourself and the radiation source decreases
your radiation dose. DO NOT PANIC if you cannot immediately shield the
source.

b) Establish a restricted area.

Using a survey meter, check the restricted area boundades and adjust them if
necessary. Ensure that no one enters the restricted area. Do not leave the
restricted area unattended.

c) Get Assistance
.

Remain in the area until help arrives and someone is able to provide assistance.
Arrange to have your Radiation Safety Officer (RSO) contacted.

d) Wait for Qualified Personnel to Arrive

Well planned remedial action usually makes it possible to retrieve a source with
little operator exposure. Source retrieval should only be performed by specially
trained personnel. DO NOT ATTEMPT ANYTHING THAT YOU HAVE NOT '

BEEN TRAINED TO DO. If necessary, contact Nordion International Inc., at
1-800-267-6211.

7-2-2 Transport Emergencies

The following emergency proced ure does not apply to vehicle malfunctions where it can be

.

readily determined that the radioactive material and the TITAN have not been disturbed.

in the event of a transportation emergency, do not leave the vehicle unattended. Arrange ,

for a passing motorist to contact police. ,,

When obtaining assistance in the case of an emergency, the information contained in
shipping papers and emergency procedures should enable responsible persons to prepare
a timely and effective response. Ensure that this information is kept in a readily accessible
and visible area in the transport vehicle.

Transport regulations require carriers, organizations or persons transporting a radioactive
material package that is involved in an accident to notify the appropriate authority that an
accident has occurred in the area under their jurisdiction. Appendix C contains a list of
appropriate agencies.

i

Accidents r

In the event of an accident, the following steps should be taken;
i
i

a) Render first aid,if necessary.

b) Perform a radiation survey. Set up a restricted area if the source becomes
exposed. ;

Ic) Notify the police. DO NOT LEAVE THE PACKAGE UNATTENDED. Arrange
for a passing motorist to get help. Indicate if an ambulance is required.

d) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring
that the police will keep unauthorized personnel outside the restricted area. j

Safety Chapter 7 Page 2 93 Oct
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' e) Arrange for your Radiation Safety Officer to contact the appropriate regulatory
; - agencies (See Appendix C)

f) Delay clean up until properly trained personnel arrive.

Fire

In tne event of a fire, the following steps should be taken; ;

a) Render first aid,if necessary,

b) Smallfirescanbeextinguishedwithdrychemical(CO2)extinguishersandlarge .
fires with foam or water from UPWIND, and at a maximum distance. Fumes ,

i. should be assumed to be toxic. Large fires should be left to trained firemen.

'!c) Perform a radiation survey, Set up a restricted area if the source becomes:
exposed. 1

,1

d) Nu ' fy the police. DO NOT LEAVE THE PACKAGE UNATlH4DED. Arrange - id
for a passing motorist to get help. Indicate if an ambulance is required.

'

e) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring
that the police will keep unauthorized personnel outside the restricted area.

.') Arrange for your Radiation Safety Office to contact the appropriate regulatory - y
agencies. (See Appendix C) j

i

g) Delay clean up until properly trained personnel arrive.

- O I
V ;

i
1

!

i

d
|

NJ;
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Chapter Eight

Warrant
.

8-1 TITAN WARRANTY l

Nordion International Inc. makes the following warranties with respect to its products:

1. Scaled Sources:-Sealed sources shall conform to current Nordion specifications and .

'

shall be free from any material defect in workmanship or materials at the time of delivery.

11. Equipment: Nordion tntemationalinc.-Gamma Ray Projectors and peripheral
equipment will be free from any material defect in workmanship or materials for a period
of one (1) year from the date of shipment of product to customer.

(~3 Ill. Parts: -Replacement parts supplied by Nordion shallbe free from any material defect
- (,) in workmanship or materials for a period of thirty (30) days from the date of shipment of ;

product to customer. ]

Nordion's ordy obligation with respect to the warranties herein shall be to repair, or at its
sole discretion, to replace defective products or parts thereof. I

!

Customer shall return product to a Nordion authorized repair centre for repair or
,

replacement, freight prepaid. Customer shall be responsible for preparing the product for .j
shipment in accordance with locv laws and regulations, j

Under no circumstances should the customer retum product to Nordion Intemational Inc.
without obtaining a product retum authorization (P.R.A.) number from Nordion.

'

All warranty obligations of Nordion IntemationalInc. shall cease and have no effect if the j

products are subjected to accident, abuse, misuse, alteration or neglect.- ;

The warranties contained herein are expressly in lieu of and exclude all other express or- |

implied warranties including, but not limited to, warranties of merchantibility and fitness i

for a particular purpose, use or application.

.I
|

.

1./
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- 8-2 TITAN -INSPECTION AND RETURN OF PRODUCTS

1

- All shipments shall be inspected on receipt by the buyer unless otherwise instructed by
Nordion Intemational Inc. Any defects shall be promptly communicated to the shipper and
Nordion International Inc. in writing within ten (10) days of receipt of the product. No
product shall be retumed without a Nordion product retum authorization (P.R.A.) number.
Products retumed shall be at the buyer's sole risk and expense. The buyer shall pay a
re-stocking charge in respect of such products.

8-3 LIMITATION OF LIABILITY

ordion's liability to the buyer for damages, howsoever caused, shall not exceed payment
actually received by Nordion IntemationalInc. for the product fumished, or to be furnished,
as the case may be, and in no event shall Nordion International Inc. be liable for indirect,
contingent, special or consequential damages (including loss of profit).

8-4 INDEMNITY

Customer shall indemnify Nordion for, and save Nordion harmless from, all losses, costs
or damages suffered or incurred in respect of damage or destruction of property, personal
injury or death which may be caused by or arise from, either wholly or in part, the use of
products or customer's negligence, acts or omissions.

:
;

I
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Appendix A

Troubleshootine

SYMPTOM PROBLEM SOLUTION

Cannot turn Selector Key is locked. UNLOCK key.
Ring to 'OPER ATE'.

Bayonet Connectoris CHECK first to ensure
not connected properly. that Source Assemblyis ;

properly connected. 1

CONNECT Bayonet 1

Connector. See 3-4-3 1

Operation Procedures
" Connecting the Drive
Controls."

- Source Guide Tube is CONNECT Source
not connected. Guide Tube. See 3-4

Operation Procedures, l

Selector Ring does not Teleflex Cable is RELIEVE compression
easily turn to the pushing against inner by turning Pistol Grip
' OPERATE' position. plate in Lock Assembly. Control crank clockwise.

Lock is contaminated CLEAN projector. See .
with foreign material. Chapter Five

Maintenance j
;

Selector Ring snaps Teleflex Cable has RELIEVE tension by
back to the ' LOCK' disengaged the Stop Pin turning Pistol Grip
position when turned to from the Selector Ring. Control Crank
' OPERATE'. counterclockwise.

Selector Ring does not Source is not fully RETRACT source fully. !
snap back automatically retracted. !

to ' LOCK' when the i
source is retracted. |

Source Assembly or REPLACE damaged
Teleflex Cable is Source Assembly or
damaged. Teleflex cable. Always

use a survey meter
when approaching the
projector. See 7-2
Emergency Procedures.

Lock Assembly is CLEAN projector. See
contaminated with Chapter Five
foreign material. Maintenance.

93 Oct Appendix A- Page 1 TITAN
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- SYMPTOM PROBLEM SOLUTION i

Cannot connect Teleflex Source Assembly Lock LUBRICATE Source ,

Cable to Source Pin has seized. Assembly Lock Pin. See -

Assembly. Chapter Five
Maintenance.

Source Assembly REPLACE Source
Connector or Teleflex Assembly and/or

iCable Connector is Teleflex Cable,
damaged.

Cannot conne * Bayonet Teleflex Cable has not CONNECT Teleflex
Connector to . a been connected first to Cable to Source End

*

Gamma Ray Projector. the Source Assembly. Connector.

Cannot disconnect Source is not fully RETURN source to
Bayonet Connector. shielded. fully shielded position

by turning Pistol Grip
Control Crank.- j

Selector Ring has not ROTATE the Selector '!
'

fully retracted to the Ring completely
' LOCK' position. - clockwise. Always use a ,

''survey meter when
approaching the
projector.

Push Button Lock is UNLOCK Push Button
locked. Lock with key. .

Pistol Grip Controlis Drake is engaged on UNLOCK Brake.
difficult to turn. Pistol Grip Control

Pistol Grip Control is CLEAN Pistol Grip ,

'

contaminated with Control and replace any
'

foreign material. damaged parts. See
Chapter Five
Maintenance.

-)

Teleflex Cable is REPLACE Teleflex ,

kinked, frayed or Cable.' See Chapter
otherwise damaged. Five Maintenance. [

-|Cable Sheath or Source - ADJUST Cable Sheath
-

Guide Tube is kinked, or Source Guide Tube.
crushed or otherwise See ChapterFive
damaged. Maintenance.i

!

\

Lj

O

:
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OPERATING PROCEDURE IS/OP 0046 C000 (REV B) j

f' 1 SCOPE 2 GENERAL INSTRUCTIONS FOR
CONNECTORS AND SOURCES'

This document describes the maintenance procedures for
Nordion cable-type radiography sources. The test gauge It is recommended that you perform the following steps
(Figures 3 and 4) is used to test the operation of D898 and as a matter of habit. If your radiography equipment is in |

D899 connectors for the cable-type radmgraphy sources high use, it is advisable to perform these steps more
listed in Table 1. frequently than indicated.

Table 2 summarizes these detailed procedures.

WARNING

Source Female Male
Type Connector Connector Always check that the source is

secured in its shielded position in the

C-337 D898F D898 Gamma Ray Projector or Source
Changer before performing any

C-340 D899 D898 maintenance action.

C-343 D899 D898
(1) Clean both male and female connectors weekly,

C-359 D899 D898 using any high grade commercial organic
solvent.

C-361 D899 D898
i (2) Lubricate the female connector weekly, using a

C-990 D899 | D898 light oil such as WD-40.

C\
V (3) Check weekly that the spring loaded locking

collar is functioning properly (see Figure 1).
Ensure that it returns to the fully closed position
after it has been released.

,

r

Table 2
Maintenance Summary

item Frequency Maintenance

,

1. Weekly CLEAN male and female connectors.
LUBRICATE female connector.

---.

2. Weekly CHECK functioning of source locking collar

3. Monthly INSPECT source and drive cable connectors using the test gauge :

4. As required VERIFY length of teleflex drive cable

5. As required CLEAN radiography equipment

6. As required RECORD all maintenance and repairs in the log book |

O |
1

i

|
J
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5) Verify that the length of the remote control drive

O (E Cable is Correct (see Figure 2). Disconnect theEcmR

reserve side of the remote control sheath from - ,

the end plug. For a 25 foot remote control, when |
'

the drive cable is fully retracted, the end of the,
, '

teleflex cable should be 8 inches short of the end

'g- ) ,) I $ - of the reserve sheath. Remember to install the#

stop-spring when adjusting or replacing the - ,

drive cable. This procedure is particularly
important for users of the Nordion TITAN

LOCKING COLLAR Gamma Ray Projector or other projectors that
automatically secure the source. The cable
length must be checked once on existing

Figure 1 equipment and then only when the drive cable
is replaced. *

Operation of locking collar

4) Inspect the source end connector and drive cable 6) Keep your drive controls and source guide tubes
male connector monthly according to the clean and dry. Always clean your accessories
procedures of Section 3. Remove the source or inside and out after working in a harsh
drive cable from service if it has been damaged environment.
or fails any of the tests described in Section 3.

7) Always store your radiography equipment in a
WARNING clean, dry and secure storage area. |

'

8) Follow the maintenance procedures and user's
Never use your Nordion source with instructions in your gamma projector's

A anything other than a Nordion male operating manual. Record all maintenance in theV connector on the end of your drive equipment log book.
cable. It is dangerous to use other
manufacturers' male connectors with 9) Call Nordion Customer Service if you have
Nordion sources. questions or problems with any of these

procedures. 1-800-267-6211.
.
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Figure 2: Measure Drive Cable
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OPERATit1G PROCEDURE IS/OP 0046 C000 (REV B) |

A 3 TEST GAUGE INSTRUCTIONS (5) Place the male connector parallel to the plane of-() the test gauge.
CAUTION

Do not attempt toforce Ihe connectors through (6) Check that the connector DOES NOT go
any of the holes or slots of the test gauge. This through opening "C" Should the connector pass
may damage the connector and muse through opening "C", this would indicate that
unnecessary near to the test gauge. the neck had been stretched, due to excessive

pull force.
'

Check the source connector and the drive cable connector .

monthly using the test gauge. The connectors must pass 3-2 Female Connector (See Figure 4)
all of the following tests. If a connector fails one or more

NOTEof these tests,it must be removed from service
immediately. Use Ihe D899 side ofIhe test gauge ta test all

female connectors listed in Table 1.

3-1 Male Connector (See Figure 3)
(1) Place the female connector perpendicular to the

NOTE plane of the test gauge.
Use the D898 side ofIhe test gauge to perform

all of the tests on the male D898 connectors. (2) Check that the connector DOES pass through
hole "D". Should the connector not pass
through hole "D", this would indicate stretch of

(1) Place the male connector perpendicular to the the connector due to excessive pull force,-

plane of the test gauge.

NOTE
(2) Check that the ball DOES NOT pass through On tire C490 soura assemMy there is a roll

,

[' .
hole "A". Should the ball pass through hole

N" I'" "#"S # 8#!#" "8# # # '#
"A", this would indicate excessive wear on the notch in the connector. lt is not necessaryfor

* this pin to pass through hole "D" on the gauge.

(3) Place the male connector perpendicular to the
plane of the test gauge. (3) Place the female connector parallel to the plane

of the test gauge. t

(4) Check that the neck DOES NOT pass through
slot "B". Should the neck pass through slot "B", (4) Check that the connector DOES NOT fit on pin
this would indicate excessive wear on the neck. "E". Should the connector fit on pin "E", this

would indicate excessive wear of the female

fconnector.

m, r ,

b D R
,

A v

O V a c s.= ,
NO GO NO GO NO GO GO 0899 No GO

s 8= =
O O

u O 1< > <

Figure 3 Figure 4

Gauge Orientation for Male Connectors Gauge Orientation for Female Connectors ]

I
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('T REFERENCES
v

' 1. Nordion Engineering Drawing, A16843,
' D898, DS99 Connector Test Gauge.

2. Nordion Engineering Drawing, A17714, '

Connector Body Female (DS99).

' 3. Nordion Engineering Drawing, A16828,
Connector Body Female (DS98F).

4. Nordion Engineering Drawing, A36832,
DB98 Male Connector, Cable End.
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Appendix C |
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l

Ree ulato Aeencies I
.

i

i

!

C-1 CANADA !

AREA REPRESENTATIVE PLACE TELEPHONE

National Atomic Energy ControlIkurd Odawa 613 995-0479 4

Transport Canada Ottawa 613 9 % 6666 !
Environment Canada Hull 819 9974 742 j

Newfoundland Dept. of Employment & Labour Relations St. John's 709 729-2644

Prince Edward P.E.L Dept. of11ealth Charlottetown 902 368-4996

131and & Social Services i

'I
Nova Scotia N.S. Dept. of Health 11alifax ' 902 424-4077 j

.f - New Brunswick N.B. Dept. of Health - Lab Fredencton 506 453-2067

N.B. Dept. of Health Fredericton 506- 453-2933

St. John RegionalIlospital St. John 506 541L6852
,

')Quebec Atomic Energy Control Board Laval 514 ti67-6360

Ontano Ontario Ministry of Labour Toronto 416 235-5922

Atomic Energy Control Board Mississauga 416 821-7760

Marutoba Department of Environment, Winnipeg 204 945-7008 '!

Work Place Safety and Health 204' 945-7039

204 944-4888 4

'!

Saskatchewan Department of Labour Regina 306 787-4538

306 933-7775

University of Saskatchewan Saskatoon 306 966 4675

Alberta Compliance Information Centre Edmonton 403 422-9600

Atomic Energy Control Board Calgary 403 292 5181 -

Alberta Labour Edmonton 403 427-2691

Bntish Columbia B.C. Ministry of Health Vancouver 604 6fM635
Environmental Health Protection Services Vancouver 604 Mot 633
Radiation Protection Services Vancouver 604 6604633.

Northwest N.W.T. Pollution Controt Division Yellowknife 403 873-7654

Territories N.W.T. Occupational Heahh
& Safety Division Yellowknife 403 87.-7468

O|

1
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-2 UNITED STATES

AGREEMENT STATES Kansas 913 296-1542 North Camlina 919-741-4283

Bureau of Air Quabty and Departmmt of Favironmmt, Health
A state that has an agreement with the Radutmn Contml and Natural Pmurus Divuinn
Nuclear Regulatory Commasim Department of Health and Environment of Radianon Protection
allowmg the state to regulate certam Forbes Facid, Buildmg 321 P.O. Box 27687 Raleigh,
activiues using radioachve matenals, for Topeka, Kansas 66620 North Carolma 27603-7687

Kentucky 502-564 3700 North Dakota 701-224-2348
t 19 or

Radahon Control Branch Dmsion of Environmmtal Enguwenng
Alabama 205 261-5313 Department of Health Services Radelogical Health Program
Bureau of RadiologicalIlealth Cabinet far Human Resoures State Department of Health
Enytronmental Health Admuustrabon 275 East Mam Street 1200 Missouri Avenue
Room 314, State Office Buildmg Frankfort, Kentucky 40621 Bismarck, North Dakota 58502-5520
Montgomery, Alabama 36130

Louisiana 504-925-4518 Oregon 501229-5797
Arlzona 602-255-4845 Nuclear Erergy Division Radiation Contro!Sechon
Anzona Radubon Regulatory Agency Of fice of Air Quahty and Nuclear Energy Department of Human Resources
4814 South 40th Street P O. Box 14690 1400 South West Fifth Avenue
Phoenix, Anzona 85040 Baton Rouge. Imutsiana 70899 Portland, Oregon 97201

Arkansas 501461-2301 Maryland 301431-3300 Rhode Island 401277 2438
Divtsion of Radiahan Control and Center for Radmlogical Health Radmactive Materials and X-Ray
Emergmcy Management Department of the Environment Programs
Arkansas Department of Health 2500 Broctung Highway RhodeIsland Department ofIlealth
4815 West Markham Street Baltunore, Maryland 21224 Cannon Building, Davis Street

PrwMenm, Rimde M 02WS
Mississippi 601-3564657/6670

California 916-445-4931 Dinson of RadiologicalItealth South Carolina 803-734 4700
916-322-2073 State Board of Health Eureau of Radiological Health

Radiomgic Health Branch 3150lawson Street South Carchna Department ofItealth
Department of Health P.O. Box 1700 and Environmental Control
714 P Street, Room 498 Jackson, Masiasippl 39215-1700 L Marion Sims Bmidmg
Sacramento, Cahforrua 95B14 2600 Bull Street, Columbla,

, 74,

S udiCamb 29201 |Colorado 3013314480 Division of Radiological Health
Radiabon Control Divisim State Department of Health Tennessee (15-741-7812
Of 6ce of Health Protection 301 Centmnial Mall South Division of Radiological Health
Department of Pubhc Health P.O. Box 95007 TERRA Building,150 9th Avenue, N.
4210 East 11th Avenue Lincoln, Neteraska 68509 Nashville, Tennessee 37219-5404
Denver, Cokvado 80220

Nevada 702487-5394 Texas 512435-7000
Dorida 904-457-1004 Radiological Health Section Bureau of RadiationControl
Offire of Raduition Control Health Divmon Texas Department of Health ]
Department of Health and Department of Human Recurces 1100 W.49th Street I
Rehabthtative Sernces 505 East Kmg Street, Room 202 Austin, Texas 78756 j

1317 Wtnewood Boulevard Carson City, Nevada 89710 Utah 801-538-6734Tallahassee, Florida 32349-0700 1

New Hampshire 603-271-45M Bureau of Radiation Control
'

Georgia 404494-5795 Radiological Health Program State Dqwtment of Health |

RadiolopcaliIealth Section Bureau of Environmental Heahh 288 North 1460 West |
Department of Human Resources Div sion of Health Services P.0, Box 16690

3

Rwm 600- 878 Peachtree Street Health and Welfare Buildmg, Salt Lake City, Utah M116-0690 l
Atlanta,Geargia 303!Y) Hazen Dnve, Concord,

Washington 206 586-8949 I

Idaho 208-334-5879 New Hampshire 03301 Office of Radiahon Protechon
Comphance Section New Mexico 505-827-2959 Departrnent cd Social Health
Idaho Department of Health and Welfare Commuruty Services Bureau - Services ;

'Staichouse, Boue, Idaho 83720 Environmental Improvement Divison Mail Stop LE 13

[111nois 217-785-%68 Department of Health and Environment Olympia,Washmgton 98%4

Department of Nucitar Safety 1190 St. Francis Dnve

1035 Outer Park Dnve Santa Fe, New Mexico 87503

Sprmgfield,11hnots 62704 New York 518-473-0048 telephone numbers are available upon
town 5154813478 Divison of Poilcy Analysis and Plannmg request from:
Bureau of Radiolopcal Health 2 Rodefeller Piaza

Of face of Governmental andlowa Department of lleahh Albany,New York 12223
Public Affairs USNRCLucas State Ofhce Buildmg
Washington D.C,20555Des Maines,lawa 50319

g (301) 492-0326

i
L
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United States Nuclear Regulatory Commission Regional Offices
1

2

Region Address - Telephone

1 631 Park Avenue, King of Prussia, Pennsylvania 194% 215-337-5000

: }j 101 Mariotta Street, NW, Atlanta, Georgia 30323 404-331-4503

Ill 799 Roosevelt Road, Glen Ellyn, Illinois 60137 312-795-5500 .

Iy 611 Ryan Plaza Drive, Arlington, Texas 76011 817-860-8103;

y 1450 Maria lane, Walnut Creek, California 945% 415-943-3700

0
J
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DESIGN SPECIFICATION IS/DS 0055 N990 (REV B)

1 INTRODUCTION Exposure Device

A shielded device employing a sealed source designed
This document describes the detailed test plan for the to allow the controlled use of gamma radiation for the
Nordion Titan Gamma Radiography Exposure Device
(GRED). The tests are required to demonstrate that the Purpose of making a radiographic exposure. |

Titan meets the regulations for the design of gamma
radiation exposure devices and the regulations for the GRED
safe transport of radioactive material (references 1,3,4,
6,7). A description of the tests and detailed test Gamma Radiography Exposure Device. This term

procedures are included. typically refers only to the exposure device, and not to
the entire apparatus.

2 CLASSIFICATION Locked Position

The Titan GRED is classified under ANSI N432(1980) as Condition of the exposure device when it is locked (with

a Class P, Type 1, Type R exposure device. The testing a key) in addition to being in the secured position.

described herein demonstrates that the device meets the
requirements of this specification for a device of this Projection Sheath
type. Additional testing willbe performed in order to
support the design and to demonstrate that the Titan A flexible tube for guiding the control cable and the
meets the transportation requirements for Type B(U) attached source assembly from the exposure device to
transport packaging (reference 6,7). the working position. Also known as a source guide

tube.

3 PROJECT REQUIREMENTS Quality Assurance Representative

The guidelines for design, inspection and testing within A representative designated by Nordion's Quality
ANSI N432(1980) and ISO 9000(1987) will be followed Assurance Department whose responsibility is to verify ,

throughout the project. Some requirements of the that the testing has been conducted in accordance with
revised ANSI standard, ANSI N43.9(1991) have been the quality assurance requirements and that the test
adopted. results are thoroughly recorded and are accurate.

Rem te contro/ Dwice
4 TEST REQUIREMENTS

|A device enabling the scaled source to be moved to an
iReference documents 1,3,4,6 and 7 outline in detail the exposing position by operation at a distance away from
itest requirements for gamma radiography equipment the exposure device". The remote control device includes
!and transport packagings. Table 1 summarizes these the crank mechanism, control cable and sheath. The

test requirements. Details of the requirements are listed remote control sheath consists of a reserve side and a
in section 7 of this test plan. Figure 1 illustrates the - projection side (see Figure 12 for illustration).
sequence and flow of these tests.

Secured Position .i
The C990 source assembly has been demonstrated to
meet Special Form requirements and has been classified Condition of the exposure device when the source
as C43515 according to ANSI N543(1977)(see Appendix assembly is fully shielded and restricted from -
B). movement.

5 DEFiN|T|ONS Source Assembly

Many documents govern the testing to be performed on A complete assembly including a sealed source, a short
i

length (150 mm) of cable, a locking ball and an end |the Titan. They use many terms which are sometunes connector. The source assembly used in the Titan is i

interchangeable or which may have subtle differences in called the "C990" (ref. drawing K12223-600 Rev. B).
meaning. For the purposes of this Test Plan, the
following definitions shall apply.

3 of 25 93 MAY i
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IS/DS co55 N990 (REV B)
DESIGN SPECIFICATION

Table 1 - Governing Specifications and Their Tests

Standard or Specification

D vice Nordion ANSI ANSI 10CFR 34 10CFR 71 '
Under IS/DS N432 N43.9 (Radiography) (Transport) 3 99,
Test Test 0055 (1980) (1991) see note 1 see note 2

Entire Projection Under Stress X X X

Apparatus Endurance 20.000 20.000 50.000 50.000

Radiation Shielding X X X X X X X

Vibration see note 3 X X X

Horizontal Shock X X X X

Vertical Shock X X X X

Handle Wrench X X X

XLock Breaking

Exposure Water Spray see note 3 X X

Device immersion see note 3 X X

Penetration / / X

Puncture Resistance X X X X X X

q g Accidental Drop # # # # # #

Rre X X X X X

Corrosion see note 3 /

Free drop Test see note 3 X

Stacking Text see note 3 X

"9 # # # #
Remote
Control Crushing / X X X

;
Device

Tensile X X X X |
i

Kinking X X X X

Projection Crushing / / X X

Sheath
Tensile / X X X

Tghtness #
4

Source i

Tensh
Assembly 7 y y y

1
J

Notes: ;

1) 10CFR 34 requires all of the tests from ANSI N432 (1980) in addition to those indicated.
2) 10CFR71 includes the following tests that will not be performed: Heat, cold, reduced external pressure,
increased external pressure and compression.

Test will not be performed, but device is qualified by discussion.
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I DESIGN SPECIFICATION IS/DS 0063'N990 (REV B)1

;f

Y - QUALITY ASSURANCE- 7 PROTOTYPE TESTING |
'

REQUIREMENTS .

7-1 Tests On The Entire Apparatus j
The Nordion Titan project is managed in accordance

' n ith Nordion Specification IS/QP-0052-N990 and ISO 7-1-1 Projection Under Stress Test :|
. 9000(1987). Testing will be performed in accordance .;
with IS/QP-0052-N990. 7-1-1-1 Purpose '

'

6-1 Independent Testing The purpose of this test is to measure whether j

the torque required to drive and retract the i. . .

Where testing is performed by an organization source through a complete exposure cycle.
. '.

_

Independent of Nordion Intemational, the testing and char.ges during a lifetime of normal use. This ' :|
tresults will be documented by this independent test is not a requirement of ANSI N432(1980). It

. organization. Where testing is performed by Nordion is performed to venfy the design and is based -
. ' ";

International, it will be thoroughly documented by the on the Projection Under Stress Test from ANSI '
test engineer using sketches, photographs, video tapes N43.9(1991). |
and the Data Sheetsin Appendix A. All test results will
be validated by the project engineer. The testing will be 7-1-1-2 Equipment j
witnessed by a Quality Control Representative where .

t

appropriate. The entire GRED apparatus shall be tested. i
Before the final test it will have been subjected |

Representatives from the Canadian Atomic Energy to a variety of tests (see Figure 1). 'A torque
Control Board will be invited to witness all testing. meterSnap On modelTBS2FOA willbe j

employed.

6-2 Sub-Contractor's Quality Assurance 7-1-1-3 1.ocation

contractors must have a quality assurance system in .lhe testing will be performed at Nordion
accordance with ISO 9003 or CSA Z299.3. Quality Intemational, Kanata, Ontario; j
:;ystem requirements include a quality policy, a quality ,

'

system organization, quality records, a calibration. 7-1-1-4 Approach
. system and personnel training. Sub-contractors will be

~

evaluated on systems, procedures, and ability, prior t The testing will be performed in two stages.
- the start of testing. Initial torque readings will be made on the new

'

GRED equipment. Then, after a series of tests
6-3 . Calibration on theindhidualcomponents, the ..

'measurements willbe repeated.
Equipment used for measuring test results shall be
calibrated at the time of the test. The equipment The final torque measurements willbe
calibration due date shall be recorded on the data sheets. performed on equipment that hasbeen g|

subjected to the following tests-
Calibration shall be performed by a qualified laboratory.

.. .

,

exposure device : horizontal shock, vertical: Ie

shock, handle wrench and penetration . :]
remote control device : kinking,'cmshing, ; 1!.

tensile
,
.

'

projection sheaths : kinkmg, crushing, tensile >.

source assembly: tensile...

. .i

The test setup is shown in Figure 2. -The ]
.. bending radii for the remote control and '

projection sheath willbe 500 mm.:

?|
- 93 MAY 6of 25 [
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DESIGN SPECIFICATION IS/DS 0055 N990 (REV B)

_

Ten exposure cycles will be performed during cycles, an exercise will be performed in order to
which the maximum driving / retracting torque demonstrate that the source assembly will not
will be mcorded disconnect when projected out of an open

projection sheath.
7-1-1-5 Procedure

7-12-2 Equipment
1) Set up the GRED equipment in the

configuration shown in Figure 2. The The automated endurance test equipment
bending radii at comers shall be 500 mm for illustrated in Figure 3 will be used to perform -

the remote control and projection sheath. the cycling. Impressions of the source tube will
Connect the torque meter to the remote be made using Dow Coming Mold Making
control crank mechanism. Compound DC HSII.

2) Drive the source assembly to its fully 7-12-3 Location
extended position and then retract it fully.
Care must be exercised in order not to With the exception of the thermal cycling this
measure the sharp rise in torque when the test shall be performed at Nordion Intemational
source reaches the end of its travel at each Inc., Kanata, Ontario.
extreme.

7-1-2-4 Approach
3) Measure the driving torque and record the

maximum value measured during the cycle. The equipment will be subjected to continuous ;

cycling for 20,000 cycles.
4) Repeat the process 10 times and record the

data on the Projection Under Stress Test At the completion of 20,000 cycles,50 cycles will
Data Sheet provided in Appendix A. Be be performed with the end of the projection
certain to fill out all of the information sheath open. Dunng these exposures, thep)( requested on the data sheet. The test source assembly will extend at least 1 meter out
engineer must sign the data sheet and a of the projection sheath. This additional test is
quality control representative must witness not a requimment of ANSI N432(1980). Rather
the test setup and at least one cycle of the it is a requirement of ANSI N43.9(1991) that has
testing. The test results must be validated been adopted to prove that the source assembly
by the project engineer, will not accidentally disconnect or snag outside

the projection sheath.
5) Steps 1 to 5 are to be repeated once the

equipment has been subjected to the tests At the conclusion of the test,100 cycles will be
for conditions of normal use listed in performed with the exposure device at -40 C,
paragraph 7.1.1.4. and an additional 100 cycles will be performed

at +55 C. These cycles are not a requirement of
7-1-1-6 Data and Results ANSI N432(1980) and will be performed after

the completion of the 50,000 cycles. The entire
The test data shall be recorded on the form remote control and projection sheath need not
provided in Appendix A. All of the required be exposed to the temperature extremes and -
information must be completed. An increase in these peripherals may be shorter than those
drive torque of 25% or more shall constitute a used for the Endurance Test at ambient
failure. temperature. ;

7-1 -2 Endurance Test After having been subjected to the endurance
test, the source assembly will undergo the

7-1 -2-1 Purpose Tensile Test of paragraph 7.5.1.

The purpose of this test is to repeatedly operate
the apparatus in order to determine its

!resistance to fatigue, and to measure any wear
on the equipment components. Af ter 20,000

93 MAY 8 of 25 '
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DESIGN SPECFICATION IS/DS 0035 N990 (REV B)

,fm - The test setup is shown in Figures 2 and 3. 7) Once 20,000 cycles have been completed, the

j The automatic test apparatus shall meet the end of the projection sheath shall be openedt

following requirements: to allow the source assembly to pass
through. 50 cycles shallbe performed

Mmunum speeds : rotating ISO RPM during which the source assembly shall ,

linear 0.75 m/s extend at least 1 m from the projection
sheath.

The torque that the apparatus exerts at each extreme
shall be determined by measuring the force experienced 8) At the completion of the testing, the

. by the drive cable during manual operation. The test apparatus shallbe moved to an <

apparatus will then be adjusted accordingly, environmental test chamber where the ,

equipment shall be subjected to 100 cycles at
'

7-1-2-5 Procedure temperature of -40 C. The remote control
device and projection sheath do not need to

1) Measure the length of the dummy source be entirely exposed to the temperature
assembly. Record the measurements and extreme, and these peripherals may be
the source assembly serial number on the shorter than those used for the Endurance
C990 Source Assembly Tensile Test Data Test at ambient temperature.
Sheet, as this length will be required for

'

comparison at the completion of testing. 9) Repeat step 8 with the temperature
Record the tolerance associated with the stabilized at +55 C.
length measurement and the calibration
date of theinstrument. 10) Remove the dummy source assembly, Tag

and identify it, as a Tensile Test will be
2) Check the integrity of the source tube by performed on it as per paragraph 7.5.1.

taking an intemal impression using Dow
/ Coming Mold Making Compound DC HSII. 11) Check the integrity of the source tube by
( taking an internal impression using Dow

3) Connect the equipment under test as shown Coming Mold Making Compound DC HSII.
in Figures 2 and 3.

7-1-2-6 Data and Results
4) Start the automated test equipment and

verify that the counters are working Any start up, shut down or maintenance action
properly. Check that the source assembly is shall be recorded on the Endurance Test tog
travelling from the secured position, to the Sheet. Photographs of any failures or -
fully extended position and back. Record maintenance actions are required. Failure
the date, time and cycle number on the criterium shallbe failum of the apparatus to -
Endurance Test Log Sheet in Appendix A. remain completely operational after 20,000

,

Be certain to initial every entry on the Log cycles. Additionally, theintegrity of the sealed 4

Sheet. source and the encasement of the depleted -
uranium shielding must not be breached

5) Regularly check the test apparatus for through wear after 20,000 cycles. An impression
proper function or any incidents. An of theinside of the source tube willbe made
incident includes test startup or shutdown, before and after the test.
failures or any other test anomalies.

7-2 Tests On The Exposure Device ;

6) Record any incidents on an Endurance Test
logSheet provided in Appendix A. The j

7-2-1 Radiation Shielding Test 4

date and time of eachincident must be
recorded and initialled. If the incident
results in the shutdown of the test 7-2-1-1 Purpose

apparatus, it must be witnessed by a Qualityq Assurance Representative before the The purpose of this test is to determine the

apparatus may be restarted. Disposition exposure rate from the device to assure that the '

must be given by the project engineer.

i
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IS/DS 0055 M990 (REV B) -DESIGN SPECIFICATION -
F

dose rates in the vicinity of the device are within 7-2-1-3 Location-

( the limits specified.
The testing will be performed at Nordion

7-2-1-2 Equipment Intemational, Kanata, Ontario.

The Radiation Shielding Test will be performed 7-21-4 Approach
on new expostue devices prior to the

~

commencement of any mechanical testing, after A detailed survey will be performed on the two
the Penetration Test, af ter the Endurance Test, prototypes when they are new. Measurements

and if possible, after the tests for accident will be made at every node on the grid system

conditions. The measurements will be made on shown in Figure 4. In locations where the fields
..I

exposure devices with the end caps installed. are relatively high, the hot spots will be located
and identified in relation to the grid system.

The Victoreen Model 440 and Model 660 survey Radiation field measurements made after the

meters will be used for measurements. exposure device has been subjected to testing
Substitute survey meters may be used provided willnot be as thorough. They will be limited to .
that the meter used to measure the exposure rate areas of the device which have been affected or

'

'

at 50 mm from the surface,does not average over damaged by the testing.

an area greater than 10 cm' and has a sensitive
volume with no linear dimension greater than A sample source is to be used for the
5 cm. The meter used to measure the exposure measurement and the exposure rate is to be

rate at 1 m from the surface must average over extrapolated to the maximum rating of 4.44 TBq

an area no greater than 100 cm and its sensitive (120 Ci) for the device. The extrapolation is not2

volume must have no linear dimension greater to exceed a factor of 10, but the source should

than 20 cm. approach an activity of 4.44 TBq (120 Ci) as
safely and as practically as possible.
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DESIGN SPECIFICAT!ON IS/DS 0055 N990 (REV B)

The maximum specified dose rates are as device, and calibration data for the test

1( follows: equipment. Complete all of the calculations
on the Radiation Shielding Test Data Sheet.

2 mSv/hr(200 mrem /h)on surface*

7 2-1-6 Data and Results0.5 mSv/hr (50 mrem /h) at 50 mm from the.

*"#'''#
The measured field for the source and the

0.02 mSv/hr (2 mrem /h)at I m from the activity calculation shall be shown on the.

surface Radiation Shielding Test Data Sheet. The
extrapolation calculation shall also be recorded -

The activity of the source will be determined n the data sheet.
based on 0.55R/h-Ci at im for Ir-192.

elds in excess of the following constitute a
If it is not possible to load a source assembly
into the device after the tests for accident
C nditions, then a radiation shielding analysis 2 mSv/hr(200 mrem /h) on surface.

e
will be performed to determine the exposure

0.5 mSv/hr (50 mrem /h) at 50 mm from the*
rate at this time.

surface

0.02 mSv/hr(2 mrem /h) at 1 m from the7-2-1-5 Procedure .

surface
1) Measure the fields from the sample source

and record the field output at Im on the 7-2-2 Vibration Test
Radiation Shielding Test Data Sheet.

,

2) Observing the required safety procedures,
install the sample source in the exposum The pmpose of this test is to determine the
device. resistance to the exposure device to the

-

vibration that it may encounter during normal
3) Using the Victorcen Model 471 Suivey service. This test is not a requirement of ANSI

Meter, measure the fields 50 nun from the N432(1980).
,

surface of the exposure device at each of the
nodes identified on the 3 inch grid system in 7-2-2-2 Discussion
Figure 4. Allow the meter reading to
stabilize for 5 seconds at each node before The vibration test is intended to reveal any
recording the measurement. Record each environmental effects that may occur during
measurement on the Radiation Survey Data normal service. Examples of such effects include
Sheet, and record the maximum reading on loosening of fasteners, component fatigue,
the Radiation Shielding Test Data Sheet. chafing between parts and cracking or rupturing

of structural members.The Titan is a welded
4) Measure the fields at 1 m from each of the 6 structure, and any threaded fasteners are fixed

faces of the exposure device. Record the with thread scalant. Additionally, the enclosure
measurements on the Radiation Survey is injected with an epoxy foam which fills all
Data Sheet,and record the maximum intemal voids. The Titan is therefore not
reading on the Radiation Shielding Test susceptible to the environmental effects caused
Data Sheet. by vibration and there is no need to perfomt the

vibration test.
5) After the initial Radiation Shielding Survey 3

on the exposure device, it is only necessary 723 Horizontal Shock Test
to make readings at locations on the device
that are likely to have been affected by the 7-2-3-1 Purpose I

testing.

' The purpore of the Hodzontal Shock Test is to
t 6) Record all of the data on the Data Sheets,

test the resistance of the device to the shocks,

""7 ' "" " "8 " ** * #'
u e, al nu t e ex u
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sideof theexposuredevice7 2-3-2 Equipment e
.-

side'of thelocke

The equipment used for the Horizontal Shock' j

faceof thelocke
Test is shown in Figure 5. The exposure device

.

bottom of the exposure device - ishall have been subjected to the Projection a

Under Stress Test of paragraph 7-1-1 prior to the side of projection sheath connector.

Horizontal Shock Test. * f of don &&omw
'

7-2-3-3 Location 7-2-3-5 Procedure

The testing will be performed at Nordion 1) Connect the device under test to the
International, Kanata, Ontario. suspension chain. Adjust the height and ;

orientation so that the device will strike the >

7-2-3-4 Approach pin in the desired location.

The Horizontal Shock Test consists of pendulum 2) Measure the height to the bottom of the
swings of the device into a ngidly mounted

. exposure device.
cylindrical steel bar. The exposure device will
be suspended such that it just touches the target 3) Sw ng the exposure device back until the
when at rest. The release position will be a height to the bottom of the device has -
point where the center of gravity of the device is increased by 100 mm.
100 mm above its rest position. The steel bar
will have a diameter of 50 mm and a length of 4) Release the exposure device and allow it to -
300 mm. It will be mounted to a rigid object swing into the target.
with a mass of at least 225 kg. 20 impacts will
be performed on each of the following areas:

o
Suspension Chain

Exposure
Owco

u|

- -

3

50 rnm

100 frrn,

'N
N - -v

_ __ _
-s

^ ---p
N

Mass = 225 Ko N
--+ < 300 trrn

Figure 5
Horizontal Shock Test

' 13 of 25 93 MAY



'!

DESIGN SPEC!FICATION . IS/DS 00$5 N993 (REV B) . ,

;

'

5) Record any observations on the Horizontal 7-2-4 Vertical Shock Test
Shock Test Data Sheetin Appendix A. ?

'

. Video tapes and photographs are required. 7 24-1 Purpose-

,

6) Repeat steps 3 to 6 until the device has been The purpose of the Vertical Shock Test is to test
subjected to 20 impacts in the same area. the resistance of the device to the shocks that

may be encountered during normal service.
7) Repeat step 1 to 6 until each of the areas ,

listed in paragraph 7.2.3.4 has been tested. 7-24-2 Equipment

8) Connect the remote controland the The test equipment is shown in Figure 6. The
projection sheath to the exposure device and exposure device shall have been subjected to the .
perform 10 exposure cycles. 'Ihis step may Horizontal Shock T6.1 of paragraph 7.2.3.
be performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-24-3 Location
discretion of the test engineer.

;

The testing will be performed at Nordion L

7-2-3-6 Data and Resuits International, Kanata, Ontario.

The date of the testing and the observations 7-244 Approach
after each impact shall be recorded on the

'
Horizontal Shock Test Data Sheet. Video tapes The vertical shock consists of a drop frcm a
and photographs of each impact area shall be height of 150 mm in the normal carrying ,

taken as a minimum. Failure criteria shall be position. The impact surface will consist of a
'

failure of the device to complete 10 satisfactory rigid body with a mass greater than 225 kg
exposure cycles or failure of the Radiation covered by 25 mm of plywood.100 shocks will i

Shielding Test, be performed.

Exposure !

Device
"

< Release Moctianism

4

O
V|

o o
25 rrrn ,

Py mod '

150 nrn ' ;.

ia
^mmmhs%w

/ / / // < Mess 2225 Kg
/ //. /

.. p Figure 6

V Vertical Shock Test
.

'
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)
;

- 7-2-4-5 Procedure '7-2 5 Handle Wrench Test

(V3 1) Attach the exposure device to the release 7-2-5-1 Purpose-

mechanism and verify that the height to the
bottom of the exposure device is 150 mm. The purpose of this test is to demonstrate that -

the carrying handle is able to withstand the
2) Release the expure device and allow it to wrenching force applied to it when the device is -

fall onto the target. dropped while tethered to a security chain. This
test is not a requirement of ANSI N4320980). It

3) Record any observations. Video tapes and is a requirement of ANSI N43.90991) and has
photographs are required. been adopted because it is considered to be an -

4) Repeat steps 1 to 3 until 100 shocks have
been performed. 7-2-5-2 Equipment

5) Connect the remote control and the The test equipment is shown in Figure 7. The
projection sheaih to the exposure device and exposure device shall have been subjected to the
perform 10 exposure cycles. This step may Vertical Shock Test of paragraph 7-2-4.

,

be performed at the completion of the ?

Penetration Test of paragraph 7.2.10 at the 7 2-5-3 Location :
discretion of the test engineer. '

The testing will be performed at Nordion
7-2-4-6 Data and Results International, Kanata, Ontario.

.

'

The date c,f the testing and the observations 7 2-5-4 Approach !

after each impact shall be recorded. Video tapes
and photographs shall be taken. Failure criteria The device will be dropped 1 m while attached |O shall be failure of the device to complete 10 to a chain. The upper end of the chain will be ;
satisfactory exposure cycles or failure of the attached to a rigid mounting point. i

- Radiation Shielding Test.

/////////// *

@ >
n

Release
Macra11am

4 se<xrtty chah

I
. . i

i A |
1

I '

I
, / s, 1m
( )

i
V( _ ,, *'

- O Figure 7
Handle Wrench Test
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t

7-2-5-5 Procedure 7-2-7 Immersion Test

1) - Fasten the safety chain to the handle of the 7-2-7 1 Purpose
exposure device.

ne purpose of this test is to verify that the
2) Suspend the exposure device so that it will exposure device will not suffer any damage

drop 1 m when released. Make certain that when subjected to immersion in 15 m of water.
the exposure device will not reach the
ground or strike any obstructions when it is 7 2-7-2 Discussion
released.

The primary purpose of the Immersion Test is to :
3) Release the exposure device and allow it to demonstrate that a package can maintain its 1

drop freely, structural integrity when subjected to an
extemal pressure. De Titan does not

4) Record any observations. Photographs and incorporate seals to prevent the influx of water, i

video tapes are mquired to support the nor are any of its components sensitive to water. :

observations. The source assembly has been demonstrated to .

Imeet Special Form requirements (Appendix B).
5) Connect the remote control and projection Therefore, the Titan would not suffer any i

sheath to the exposure device and perform damage if immersed in water and there is no ;
10 exposure cycles. His step may be need to perform the Immersion Test.

,

performed at the completion of the !

Penetration Test of paragraph 7.2.10 at the 7 2-8 Free Drop Test :
discretion of the test engineer. |

72-8-1 Purpose t

7-2-5-6 Data and Results
The free dmp test is intended to simulate the

Observations shall be recorded. Photographs type of shock that a package would experience ifq
and video tapes will be taken. Failure criteria it were to fall off the platform of a vehicle or ifit
shall be failure of the device to complete 10 were dmpped during handling.
satisfactory exposure cycles, loss of use of the :

handle or failure of the Radiation Shielding Test. 7-2-8 2 Discussion !

7-2-6 Water Spray Test Since the Titan GRED will be subjected to a 9 m
drop test, the mquirements for the free drop test

7-2 6-1 Purpose are exceeded and there is themfore no need to
;

perform this test.
The purpose of the Water Spray Test is to
subject the device under test to a simulated 729 Stacking Test
rainfall of 50 mm per hour for at least one hour.
This test would myeal any problems with 7-2-9-1 Purposa
packagings vulnerable to water saturation.

The stacking test is designed to simulate the ,

7 2 6-2 Discussion loads pressmg on a package over a prolonged
period of time ard is intended to ensure that the -

The Water Spray Test is particularly intended effectiveness of the shielding and containment
for packagings where distance shielding may systems willnot beimpaired i

rely on non-metallic materials which are
softened by water or materials bonded by water 7 2-9-2 Discussion .

soluble glue. Since the structure of the exposure _.;

device is made entirely of metal, it is not Becauseof theshapeof theTitanGRED,
vulnerable to such conditions. There is stackingof thedeviceisimprobableand nearly

- therefore no need to perform this test. impossible. There is therefore no need r
- perform this test. i

'
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'

z - ~ 7-2-10 Penetration Test 4) Release the bar. i
~

5) Record any observations on the Penetration - r

7-2-10-1 Purpose ITest Data Sheetin Appendix A. Video

- The purpose of this test is to demonstrate that tapes, sketches and photographs are |

the exposure device can withstand the impact required to support the observations. ,

'

that the device may receive during normal
6) Repeat steps 1 to 5 for all of the areas of the f

conditions of transport. The test simulates the
!

exposure device being struck by a slender object device listed in paragraph 7.2.10.4.
isuch as a length of metal tubing or the '

7) Connect the remote contml and projectionhandlebar of a falling bicycle. The test is a
transport requirement (reference 6).

sheath to the exposure device and perform -
10 exposure cycles, i

7 2-10 2 Equipment
7-2-10-6 Data and Results

!

The equipment required consists of a 32 mm bar
Observations shall be recorded on the {and a guide tube to direct its fall. The bar shall Penetration Test Data Sheet. Sketches,

have a hemispherical end and a mass of 6 kg.
P otographs and video tapes shall be taken.hThe exposure device shall have been subjected ,

Failure criteria shall be failure of the device toto the Handle Wrench Test of paragraph 7-2-5,
complete 10 satisfactory exposure cycles or

'

failure of the Radiation Shielding Test.7 2-10-3 Location

7-2-11 Puncture Resistance TestThe testing will be performed at Nordion
International, Kanata, Ontario.

7-2-11-1 Purpose
7-210-4 Approach '

The purpose of the Puncture Resistance Test is

The bar will be dropped vertically so as to strike to simulate accident conditions and to

the exposure device at the following sensitive demonstrate that the source is not accidentally

areas: exposed as a result.

bottom of exposure device 7 2-11-2 Equipment.
,

side of exposure device The equipment used for this test includes a 9 m
e

front oflock drop tower, an unyielding surface and a mild.

side oflock steel pin with a diameter of 150 mm and a -.

length of 200 mm. 'Ihe exposure device shall
The height of the drop shall be 1 m measured have been subjected to the endurance test of
from the lower end of the bar to the intended paragraph 7-1-2.
point ofimpact.

7-2-11-3 Location
7 210-5 Procedure

The Accidental Drop Test will be performed at
1) Position the exposure device so that 'he AECL Research, Chalk River Laboratories,

,

target impact areais facing up. Chalk River, Ontario.

21 Using the guide tube, adjust the relative 7 2-114 Approach
position of the bar and the exposure device
so that the bar will fall vertically and strike The test will consist of a 1 m drop onto the end >

the target impact area when released. of a cylindrical target such as to cause the
maximum damage to the device under test. The i

3) Adjust the height between the bottom of the target will be rigidly mounted perpendicularly jf
bar and the target impact area to Im. to an unyielding surface. The surface consists of

a 100 mm thick steel slab on a cubic block of

17 of 25 93 MAY
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DESIGN SPECFICATION IS/DS 0055 N990 (REV B)

concrete measuring 3 m on each side. The drop followed by a 9 m oblique drop in the
.

concrete sits on bedrock. orientation shown in Figure 8. The second
i prototype willbe subjected to a 9 m drop

7 2-11-5 Procedure directly onto the lock. See reference 5 for further
discussion on the drop orientations.

1) Suspend the exposure device in the upright
orientation so that when released the lock 7-2-12-5 Procedure
will strike the pin. Hoist it so that the height
measured between the upper surface of the 1) Suspend the exposure device in the upright
pin and the bottom of the lock is 1 m. orientation and hoist it so that the height

measured between the upper surface of the
2) Start the high-speed camera and release the target and the lowest point on the exposure

exposure device. device is 9 m.

3) Record the results, including observations, 2) Start the high-speed camera and release the
sketches and photographs of the damaged exposure device.
areas.

3) Record the results, including observations,
7-211-6 Data and Results sketches and photographs of the damaged

areas.
The Puncture Resistance Test shall be
documented with high-speed video, 4) Repeat steps 1 to 3 with the exposure device
photographs and sketches. The exposure device oriented for a comer drop as shown in
need not be operational after the test, however Figure 8. Ensure that the centre of grsvity of
the radiation fields are not permitted to exceed the exposure device is aligned vertically
10 mSv/h (1 rem /h) at 1 m. over the lower corner.

OV 12 Accidental Drop Test 5) Repeat steps 1 to 3 with the exposure device
oriented so that the primary impact will be

7-2-12-1 Purpose on the lock.

The purpose of the Accidental Drop Test is to
simulate an accidentalimpact and to

Cdemonstrate that the source willnot be
accidentally exposed as a result of such an
impact.

7-2-12-2 Equipment

The equipment used for this test includes a 9 m
drop tower and an unyielding surface. The
exposure device shall have been subjected to a
Puncture Resistance Test of paragraph 7-2-11. .

7-212-3 Location
9 rn

The Accidental Drop Test will be performed at
AECL Research, Chalk River Laboratories,
Chalk River, Ontario. u

I i

7-2-12-4 Approach / / ,/ / ,/ ,/ / / ,/ / ,/

[ A total of three 9 meter drop tests will be Figure 8
\ completed using two prototype units. One 9 m Corner Drop Test

prototype willbe subjected to a 9 m upright
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7-2-12-6 Data and Results The only material susceptiMe to a fire is 'he
i/~ epoxy foam which fills the void betw sen the

. The Accidental Drop Test shall be documented outer stmeture and the depleted uranium ,

with high-speed video, photographs and shield. The shield is structurally supported by ;
sketches. The exposure device need not be means other than the epoxy foam and shielding . >

operational after the test, however the radiation provided by foam is insignificant. There is
fields are not permitted to exceed 10 mSv/h therefore no need to perform the fire test.
(I rem /h) at 1 m.

7-3 Tests On The Remote Control Device ..7-2-13 Fire Test
'

n ng est--

7-2-13-1' Purpose

7-3-1-1 Purpose
The purpose of the Fire Test is to measure the
resistance of the test specimen to an accidental

The purpose of this test is to verify that thefire condition.
remote control cable and sheath can withstand

7-2-13-2 Discusion the stress due to kinking that may occur during
normal use.

The fire test is intended to demonstrate that the 7-3-12 Equipment
radioactive material's shielding and
containment are not vulnerable to an accidental

The remote control device will have been
fire with a temperature of 800 C and duration subjected to the Projecticn Under Stress Test of
of 30 minutes.

paragraph 7-1-1.

The C990 source assembly has been
The test apparatus used is shown in Figure 9.

.

q demonstrated to meet special fonn requirements'

The remote control sheath will be pulled |and can therefore withstand such a fire. The
manually, and the speed will be measured usmg

shielding materialis depleted uranium which an Ametek digital tachometer with a linearhas a melting point of 1200 C and will therefore
survive a fire. The outer structure of the TITAN measurement adaptor.

'
is made of titanium which has a melting point of
1670 C and can also withstand a fire.

50 cm
;

REMOTE CONTROL
SHEATH AND CABLE

[, i ~ #C ;

\

\ /
CABLE CLAMP CABLE GUIDE

WITH SENSOR |
1

Figure 9
Remote Control Kinking Test Setup
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7-31-3 Location 5) Repeat steps 1 to 4 with the loop at different '

g locations on the sheath until 10 satisfactory
N The testing will be performed at Nordion tests have been performed.

International, Kanata, Ontario.
,

7-3-1-6 Data and Results
7-3-1-4 Approach

All observations shall be recorded on the data
The cable will be laid out on a flat surface with a sheet provided. Each trial will be video taped
500 mm diameter loop and one end secured. and the test setup will be photographed. The i
The free end of the cable will be pulled at a rate failure criterium will be failure of the final
of 2.0 m/s 110% until the loop has disappeared. Projection Under Stress Test. ,

The test will be repeated 10 times with loop in
different locations. 7-3-2 Crushing Test

,

'
7-3-1-5 Procedure 7 3-2-1 Purpose

1) Arrange the control cable and sheath on the The purpose of this test is to demonstrate that
test apparatus with a loop 500 mm in the remote control cable can withstand the stress
diameter as shown in Figure 9. of the heel of a 100 kg person impacting at a

'

2) Secure one end of the sheath using the
clamp provided. 7-3-2-2 Equipment

3) Pull the free end of the sheath at a speed of The test apparatus is shown in Figure 10. The
'

2 m/s until the loop has disappeared. remote control device shall have been subjected '

to the Kinking Test of paragraph 7-3-1.
4) Verify that the speed was between 1.8 m/s

( and 2.2 m/s. Record any observations on i

the Remote Control Kinking Test Data Sheet i

in Appendix A. Mark the sheath to indicate
the location where the test was performed.

r,

70

'

70 -

Axis nortzernal

'm [ 10 /./
-

| t '

~

r,: eoge radil 2 mm /
r,: comer racil 5 mm +)*

Itsel T~ fP |
~ ~~

Heer s
i

/

Sheam/s-
. &

i :: .- M If E L

\\NNNNN VN\\\NNNN
Dimensions in mHitmeters Hertzomal surf ace

Figure 10
Crushing Test Setup

93 MAY ' 20 of 25



. pgslGN SPECIFICATIGtd IS/DS 0053 N990 (REV B)

7-3 2-3 Location 5) Repeat steps 1 to 4 at 10 different pointsO;- along the sheath. For five of the tests theV
The testing will be performed at Nordion projection side and reserve side of the
International, Kanata, Ontario. sheath shallbe superposed vertically. Fdr

the other five tests they shall be side by side.
7-3-2-4 Approach Note whether the control cable is in the

'

Projection sheath or reserve sheath or both.
The apparatus to be used for the test is shown in
Figure 10. The mass of the heel and crank shall 7-3 2-6 Data and Results
be 15 kg. The test surface shall have a mass
greater than 225 kg. The heel will be dropped The observations will be recorded on the data
from a height of 300 mm. The test willbe sheet provided. Each trial will be video taped
repeated 10 times at different locations along the and the test setup will be photographed. -The
cable. failure criterium willbe failure of the final

Projection Under Stress Test.
7-3-2-5 Procedure

7-3-3 Tensile Test
1) Arrange the equipment as shown in Figure

10. The sheath shall contain the control 7 3-3-1 Purpose
cable. Fix the sheath using guides.

The purpose is to demonstrate that the control
2) Raise the arm and verify that the height cable and sheath can withstand the tensile forces

between the sheath and the heelin 300 mm- that may be encountered during use.

3) Release the arm and allow the heel to swing 7-3 3-2 Equipment
freely down onto the sheath.

'

The remote control device shall have been
4) Record any observations on the Crushing subjected to the Crushing Test of paragraph

Test Data Sheet in Appendix A. Mark the 7 3 2. 'Ihe test apparatus is shown in Figures 11
sheath to indicate the location where the test and 12,
was performed.

EXPOSURE REMOTE CONTROL SHEATH FORCE PNEUMATIC
DEVICE OR PROJECTION SHEATH TRANSDUCER CYLINDER

/

! '

||J
'-

/.

* CLAMP ADAPTOR

AIR LINE
DATA

MOUNTING LOGGER
FIXTURE

Figure 11

Remote Control Sheath & Projection Sheath Tensile Tests
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.

7 3-3-3 Location 10) Record any observations and include a plot
- of the force profile from the data logger with

The testing will be perfonned at Nordion the results.
Intemational, Kanata, Ontario.

11) Repeat steps 9 :nd 10 until 10 tests have
7-3-3-4 Approach been performect ,

This test consists of two parts; first the remote 7-3 3 6 Data and Results
control sheath will be tested and then the
control cable and crank mechanism will be The observations will be recorded and plots of
tested. the measured force profile will be provided.-

Each test will be video taped and the test setup
in the first part of the test, the remote control will be photographed. The failure criteria will
sheath will be tested. A tensile force of 500 N be failure of the final Projection Under Stress
(112 lb) will be applied for 30 seconds. The test Test or failure of the source assembly (see

willbe repeated 10 times. paragraph 7.5.1.6).

In the second part of the test, the crank 7-4 Tests On The Projection Sheath
mechanism will be secured and the crank arm ,

will be immobilized. A source assembly will be g9
connected to the control cable and a force of
1000 N (225 lb) will be applied to the free end of
the source for 10 seconds. The test will be

7-4-1-1 Purpose

repeated 10 times.
The purpose of this test is to verify that the

7-3-3-5 Procedure pitjection sheath can withstand the stresses due .

to kinking that may occur during normal use.

O 1) Secure the exposure device as shown in 7-4-1-2 Equipment
Figure 11.

2) Connect the remote control sheath to the The projection sheath shall have been subjected
'

to the initial projection Under Stress Test of -
exposure device.

paragraph 7-1-1. The test apparatus is shown in

3) Connect the tensioning apparatus to the Figure 12. ,

crank mechanism using the clamp adaptor.
7-4-1-3 Location

4) Apply aload of 500 N(112lb) for 30 s.
The testing will be performed at Nordion
Intemational, Kanata, Ontario.

5) Record any observations and include the
plot of the force profile from the data logger 7-414 Approachwith the results.

6) Repeat steps 4 and 5 until 10 tests have been One end of the projection sheath will be secured. |
A flat closed loop will be formed, with the fixed !

performed. end under the loop. A hoop will secure the ends
'

7) Secure the remote controlas shownin where they cross so that the loop cannot come

Figure 11. Immobilize the crank handle. undone, yet will still allow the sheath to slide.
A force will be applied to the free end of the

8) Connect a source assembly to the control projection sheath at a tangent to the loop. The
force will be applied such that it reaches 200 Ncable.
(45 lb) in 5 seconds. The force will then be held

9) Apply a force of 1000 N (225 lb) for 10 s to for 10 seconds. The test will be repeated 10

thelockballon the source assembly. times at the same place in the projection sheath. |
|
!
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i

p 7-4-15 Procedure 7-4-1-6 Data and Results
\ _-

1) Arrange the projection sheath on the test All observations shall be recorded on the data

apparatus with a loop 500 mm in diameter sheet provided. The force measurement willbe j

as shown in Figure 12. The fixed end of the recorded automatically and a printout for each i

sheath must be on the under side of the loop. trial will be included with the results. Each trial
willbe video taped and the test setup will be

2) Close the clamping hoop over both ends of photographed. The failure criterium will be
the sheath where they cross in the loop so failure of the final Projection Under Stress Test.
that the sheath can still slide, yet the loop
cannot become undone. 7-4-2 Crushing Test

i

3) Secure the exposure device using the 7 4-2-1 Purpose
mountmg fixture and attach the projection
sheath to the exposure device. Attach the 'Ihe purpose of this test is to demonstrate that
other end of the projection sheath to the the projection sheath can withstand the stress of
tensile test apparatus. the heel of a 100 kg person impacting at a

horizontal and vertical speed of 0.8 m/s.
4) Apply a force to the sheath so that the force

reaches 200 N (45 lb)in 5 s. Maintain the 7 4-2-2 Equipment
force for 10 s.

The projection sheath shall have been subjected
5) Record any observations including the final to the Kinking Test of paragraph 7-4-1. The test

diameter of the loop in the Projection Sheath apparatus is shown in Figure 10.
Kinking Test Data Sheet in Appendix A.
Attach the force measurement plot to the 7-4-2-3 Location

( data sheet. Mark the sheath to indicate the
location where the test was performed. The testing will be performed at Nordion'

International, Kanata, Ontario.
6) Repeat steps 1 to 5 with the loop always at

the same location on the sheath until 10 tests
have been performed.

DATA
LOGGER

PNEUMATIC
PROJECTION SHEATH CYLINDER

50 cm
:

I w

'

/
CLAMP!NG CLAMP FORCE

TITAN HOOP TRANSDUCER

O- i
iFigure 12

Projection Sheath Kinking Test
i

:
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7-4-2-4 Approach 7-4-3-4 Approach

The apparatus to be used for the test is shown in The projection sheath will be connected to the
Figure 10. The mass of the heel and crank shall exposure device and the exposure device will be
be 15 kg. The heel will be dropped from a fixed so that it cannot move during the test. A
height of 300 mm. The test will be repeated 10 tensile force of 500 N (112 lb) will be applied to
times at different locations along the sheath. the sheath for 30 seconds. The test will be

mpeated 10 times.
7-4-2-5 &-

7-4-3-5 Procedure
1) Ar- 2pment as shownin Figure

10. 1) Secure the exposure device as shown in
Figure 11.

2) Raise . . verify that the height
between thc. . ieath and the heelis 300 mm. 2) Connect the projection sheath to the

exposure device.
3) Release the arm and allow the heel to swing

freely down onto the sheath. 3) Connect the tensioning apparatus to the
opposite end of the projection sheath using

4) Record any observations on the Crushing the clamp adaptor.
Test Data Sheet in Appendix A. Mark the
sheath toindicate where the test was 4) Apply a load of 500 N (112lb) for 30 s.
performed.

5) Record any observations. Plot the force
5) Repeat steps 1 to 4 at 10 different points profile from the data logger and include it

along the sheath, one of wluch shall include with the results.
a connection.

O 6) Repeat steps 4 and 5 until 10 tests have been
7-4-2-6 Data and Results p eformed. -

The observations will be recorded on the data 7-4-3-6 Data and Results
sheet provided. Each trial will be video taped
and the test setup will be photographed. The The observations will be recorded and each test
failure criterium will be failure of the final will be video taped. The measured force profile
Projection Under Stress Test. will be plotted and the test setup will be

| photographed. The failure criterium will be
7-4-3 Tensile Test failure of the final Projection Under Stress Test.'

7-4-3-1 Purpose 7-5 Tests On The Source Assembly

The purpose of this test is to demonstrate that 7-5-1 Tensile Test
the projection cheath can withstand the tensile
forces that may be encountered during use. 7-5-1-1 Purpose

7-4-3 2 Equipment
The purpose of this test is to demonstrate that

The projection sheath shall have been subjected the source assembly can withstand the tensile

to the Crushing Test of paragraph 7-4-2. The f rces that may be encountered during use.

test apparatus is shownin Figure 11. 7-5-12 Equipment
adon

The source assembly'shall have been subjected
t the Projection Under Stmss Test of paragraph^ The testing will be performed at Nordionb 7 + I*International, Kanata, Ontario.
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p 7-5-1-3 Location 7-5-1-6 Data and Results

VI
The testing will be performed at Nordion The observations will be recorded on the data
Intemational, Kanata, Ontario. sheet provided. Each test will be video taped

and the test setup will be photographed. The
7-5-1-4 Approach source assembly shall not show an elongation of

more than 1% of its length.
A control cable will be attached to the source
assembly and the opposite end of the source
assembly willbe fixed. A tensile force willbe 8 REFERENCES
gradually applied to the control cable so as to
attain a load of 1000 N (225 lb) after 10 seconds. 1) ANSI N432 "RadiologicalSafety for the Design

The force will be maintained for 30 seconds. and Construction of Apparatus for Gamma

The test will be repeated 10 times. Radiography" August 1980 ,

The largest diameter of the locking ball will be 2) ANSI N43.9 "Camma Radiography -

fixed and the testing willbe repeated. Specifications for Design and Testing of
Apparatus", October 1991.

7-5-1-5 Procedure
3) Title 10, Code of Federal Regulations, Nuclear

1) Measure the length of the source assembly. Regulatory Commission, Part 34 - Licenses for

This must be done using a calibrated Radiography and Radiation Safety

instrument. Record the measurement and Requirements for Radiographic Operations.
the calibration date of the measuring device.
Take a magnified photo of the source 4) Title 10, Code of Federal Regulations, Nuclear

assembly and connector. Regulatory Commission, Part 71 - Packaging
and Transportation of Radioactive Material.

2) Attach a control cable connector to the
source assembly. 5) TR-9240-N990, Safety Analysis Report for the

Titan Radiography Device, Nordion
IntemationalInc.3) Secure the opposite end of the source

,

assembly (i.e., the capsule) using the source
clamp provided. 6) Regulations for the Safe Transport of

t

Radioactive Material,1985 Edition (As

4) Apply a tensile force gradually to the cable Amended 1990), IAEA Safety Series No. 6,

connector so as to reach 1000 N (225 lb) after IAEA, Viemu,1990.

10 s.
7) Transport Packaging of Radioactive Materials

I5) Maintain this force for 30 s. Regulations, Atomic Energy Control Act, '

SOR/91-304,9 May 1991.

6) Record any observations on the Source
Assembly Tensile Test Data Sheetin 8) IS/QP 0052 N990, Quality Plan for the Nordion i

Appendix A. Plot the force profile from the Titan Gamma Radiography Exposure Device. ,

i

data logger and attach the plot to the data
sheet. After the testing, take a magnified

iphoto of the source assembly connector.
I

7) Rep :at steps 4 to 6 until 10 tests have been
perf armed.

8) Repeat steps 3 to 7 with the locking ball
secured.,e
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-
- Projection Under Stress Test Data Sheet '

>

i

i

lDate Torque Meter Model

,

Calibration Date Torque Meter SerialNumber j
'i

.

Trial |

Number Maximum Torque Reading (N m)
i

1 i

;

i2
.

3

-4
>

5

q 6
.,

. ,

v i

7 !
t

8
;

9
'

10
i

Has the equipment under test been subjected to the tests for conditions of normal use? Y| |N| |

' Test By Witness
-,

r

iProject En5 neer
i

f

:

. C3 APR p.'
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C990 Source Assembly Tensile Tast Data Sheetpg
L.f

Source Assembly SedalNo.

A, inillal Measurement

Micrometer Model No.

Serial No.

Calibration Due Date
>

Initial Length

Test Engineer or Technician Date ,

,

B. Additional Testing

Was any additional testing performed on sourte assembly (e.g., endurance testing)? Y N

If yes, indicate details of test (e.g., endurance test, date, first cycle no.,last cycle no.)

QAJ
C. Tensile Test

Force Transducer Model No.

Serial No.

Calibration Due Date

Test Force N

Test Duration s

(Attach a plot of the force measurement)

Test Engineer or Technician Date

D. Final Length Measurement

'

Micrometer ModelNo.

Sedal No.

Calibration Due Date

Final Length'

V Test Engineer or Technician Date
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IS/DS 0053 N990 i

Endurance Test Log Sheet

Cycle Test Engineer

. No. Date Time Action (e.g., startup! maintenance) initials QCInitials

1

I

I

|

-

w

!

l
l

|

|

1

-

V
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:
,

Radiation Shielding Test Data Sheet
\ )j(* '

e

, is
P

i
!Serial Number Date

The device has been subjected to the following tests: ;
,

.

$

C990 Serial No.

Activity of test source at1 m = 0 R/h

divided by 0.55 R/h-Ci = (curie content)

divided by 120Ci = (extrapolation constant) .

i

Maximum measured dose rates:

at 5 cm = (a)

O ]

atI m = (b)
;

i

Calculated dose rates

(a) divided by extrapolation constant = at 5 cm

(b) divided by extrapolation constant = at 1 m

Victoreen Model471 Survey Meter

SerialNumber Calibration Due Date

Surveyor QA Witness

1

Test Engineer Project Engineer

.
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Horizontal Shock Test Data Sheet, ~3

\_ .)
Titan Serial Number Date

|

Orientation

Trial
Number Observations

1

2

3

4

5

6

7

8

9$
10

11

12

13

14

15

16

17

18

19

20

Tr-t Engineer QA Witness

V
Project Engineer
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t

Penetration Test Data Sheetp
J ,

i
$

fImpact Area Observations

bottomof the exposure
device

,

side of the exposure
device ;

;

.

front of lock

'

side of lock

. O :
;

Date Test Engineer
i

QA Witness Project Engineer

P

4

O -

,

vil 93 APR
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4

Nordion Titan Radiation Survey Data Sheet,s,
4

V

Titan Serial Number Victorcen 471 Serial Number |

Date Calibration Due Date

Radiation Survey
Readings in mrem /h

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22

23 24 25 26 27 28 29 30 31 32 33

Position
Readings at 34 35 36 37 38 39 40 41 42 43 44
- 5 cm from

45 46 47 48 49 50 51 52 53 54 55
i

56 57 58 59 60 61 62 63 64 65 66

. 67 68

Readings at Top Bottom Right Left Front Back
1m

Note:
The meter on the surface is actually measuring the tulue approximately 5 cm from the sudace |
(1 mrem /h = 10 ust'/h)

Source Activity
i

Surveyor Test Engineer !

QA Witness Project Engineer
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.

.

Crushing Test Data Sheet

. n)-'s

Device under test
,

t

.

|Trial
Number Location of impact Observations

1
,

2

3 -

4
'

'
,

L

5 -;

6
,

,
'

7
,

8 '

9

10

i
,

Date Test Engineer
,

I

QA Witness Project Engineer ;

.

I

1

i

|
v :

!

k 93 APR
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Remote Control Kinking Test Data Sheet

V ;

Date j

Minimum Averago Maximum
Trial Speed Speed Speed

Number (ft/s) (ft/s) (ft/s) Observations

1

2

3

4

5

6

7

.

9

10

11

12

13

14

15

Test Engineer Witness

Project Engineer

k
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:
,

. - Projection Sheath Kinking Test Data Sheet
-

,

;

Trial Observations
Number (attach the force measurement plot)

1

2

'
3

4

5

6 ,

7

8

9

10

-0 :
11

12

' 13

14

15

-i

Force Transducer Model No. Serial No. ;

Calibration Due Date

|

|

Date Test Engineer -|

|
;

I

QA Witness Project Engineer I
i
i

!
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Special Form Radioactive Material Test Summary

-:
Certificate, Scaled Source Classification

'Designation and Performance (ANSI N542-1977)

-

,

f

k
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O - ES SUMN ARY :
The capsule model specified herein has been evaluated in accord with the intemational Atomic Energy Agency ;

(l.A.E.A.) Safety Senes No. 6 Regulations forthe Safe Transport of Radioactive Matenals 1985 Edition, Section
VI paragraphs 604-613 and 618.

TEST SUMMARY NO: 25 DATE: 1992 July 20

CAPSULE MODEL: C-990 CONTENTS: Iridium-192

DRWG NO: K122213-600 *

CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: J.137 inches

ENCAPSULATION: Single OVERALL LENGTH: 0. 775 inches

SPECIAL FORM REQUIREMENTS (1)

TEST PASS Fall METHOD REMARKS

MA
fg0 X Comparison Comments belowsa

PERCUSSION X Comparison Comments below
(608)

8 IN Not required,6 )

HEAT X Comparison Comments below
t610) ,

hggH NG X Comparison Comments below

(1) See special form reawrements on reverr,e sios

COMMENTS:The C-343 has been tested and has passed all Special Form tests, and has been
certified to meet the requirements for Special Form via Certificate CDN/0001/S.
Since the containmer.: s~ stem for the C-990 is identical to the C-3'3, the C-990
also meets the recuirements for Special Form.

|
i

.i

This summary verifies that the described capsule model meets the requirements of Special Form in accord with . 1
the I.A.E.A. Safety Senes No. 6. Regulations for the Safe Transport of Radioactive Materials,1985 Edition, ;

Section VI, paragraphs 604-613 and 618.

Testedby M. Krzaniak, P.Eng.%-[ Authorized G.A. Burbidge y A

Title Develcoment Officer U Manager, ?ackage sngineering7;ff,

92 b %Date 11|o+/2/ Date

v

HINTERNATIONALINC.NORDION



CERTIFICAlt,
SEALED SOURCE

CLASSIFICATION DESIGNATION AND PERFORMANCE
Scaled sources are classited in accord with standards estachshed by
THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) and )

THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) :

CERTIFICATE NO: 76 DATE: 92 August 20
CAPSULE MODEL: C-990 CONTENTS: Iridium-192
DRWG. NO: K122213-600
CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: 0.187 inches
ENCAPSULATION: Single OVERALL LENGTH: 0.775 inches

ANSI CLASSIFICATION AND PERFORMANCE STANDARD N | ANSIT7 C43515 | !

CLASSIFIED PERFORMANCE STANDARD (2)
TEST CLASS METHOD REMARKS

TEMPERATURE 4 Comparison Pass (See Comments)
EXTERNAL
PRESSURE 3 Comparison Pass (See Comments) ,

IMPACT 5 Comparison Pass (See Comments)
VIBRATION 1 No Test Reqd.

PUNCTURE
5 Comparison Pass (See Comments)

(1) See definruon on reverse sade
(2) See Table 1. Portormanos Standards on reverse sado
(3) Amencan Natonal Standard N6421977 is a renoson of ANSI N6.101988

COMMENTS: The C-343 sealed source has been tested and found to meet the
performance requirements of ANSI N542-1977 classification C43515. Since
the containm'nt system for the C-990 as identical to the C-343, thee
C-990 meets the same performance requirements.

I

It is hereby certified that the descnbed sealed source sneets the specified standard as prescribed in 'lArneticanI
NatenalStandardN5421977 *SealedRadioactive Sources, Classitk:ation". This standardcornpkes with the
classification and perfonnance requirernents ofISO i;) G-1980(E).

Testedby M. grzan1ak. p.Ena. Authorized a.A. Durbidae
Title Development Officer Title .Mangger Package Engineerirg

Date & T2/ng/ W Date kb $YOY26

NORDION
INTERNATIONALINC.

. _-
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i|REFERENCES
!

(i) DEFINITION - CLASSIFICATION DESIGNATION:
.

The etassificapon of a aceled source shas be des #gnated by the code ANSI followed by two dgits to indcate the year of approval of the
Amancan Nasonal Sandard used to determine the c assthcanon fonowed by a letter and frve og:ts.

The tener shall be eriher a C or an E. The leser C designetes that the contained acwtry does not exceed the maximum levens
estabbr.hed by ANSt. The 6etust E desegneses that the contmaned acwrry eaceeds the masamum novem estat*shed by ANSI.

The hrst dgit shaR be the class number which desa1bes the performance standards for temperature. I

The second dgre shall be the cleas number whidi describes the performarme standards for erternal pressure

The third opt shan be Ine class number which desonbos the performance standaros for irnpact.

The fourth digit shall be the class number which aescnbes the performance standaras for vibranon.

The fifth dg:t shall be the class number which detenbos the performance standards for puncture.

(2) TABLE 1 PERFORMANCE STANDARDS:
1

I

TEST CLASS
;

1 1 2 3 4- 5 6 i X

Tempersfure No Test -40'C (20 mm) 40*C (20 mm) 40*C (20 mn) -40*C (20 mm) -40*C (20 mm) h ='
-i

+80*C (t h) +180 C (th) +400*C (t h) and .400*C (1h) and +800'C (1h) and Test 1

thermal shock thermal shoca thermalshock '
400 C = 20 c 600 C = 20 C 800 C e 20 C j

l

Esterns! No Test 25 kN/m aba. 25htum p . 25 kN/m2 8 82 8

Pressure (3.6 Bf/in ) to2M e 7 MN/m . 25 kN/m sy. 25 kN/m abg. Soeoni
a to 70 MN/m m 170 MN/m Test

2 a 8e atmosphere (2902 (1015 btin ) (10153 lbtin ) (24 656 btin ) 'l
abs. abs. abs. abs. |

Impact No Test 50 g (1.8 oz) 200 g (7 oz) 2 kg (4 4 b) 5 kg (11 b) 20 kg (44 lb) Soeaal
from 1 m (3.28 ft) from 1 m bom1m trorn 1 m from 1 m Test
and free drop son
emos to a steed
striaos frorn
1.5 m (4.92 ft)

-|
Ylbration No Test 30 mn 25 to 500 30 mit 25 m 50 90 mm 25 m to Not Used Not Used Soccal

Hz at 5 g peak Hz at 5 g peak H2 at 1.5 mm Test j
amp. amp, and 50 m amp. peak to )

90 Hz at 0.635 pean and 80 to
mm amp. peak e 2000 Hz at 20g
peak and 90 to
500 Hz at to g

Puncture No Test i g (15 4 gr) frorn 10 g (154 gr) 50 g (1.75 ca) 300 g (10.6 oz) 1 kg (2.2 b) Soeoal
1 m (3.28 ft) from 1 m from 1 m from 1 m from 1 m Test ,

!

!

l

i

l

!

!

|

' '
~

@ INTERNA 71CWALINC.NORDION
447 A4 arch Road. P O. Box 13500. Kansas. Cbsano. Cana0\n K2K 1X8 Tel.:(613) 592 2790 Te4x (053) 4162 Fax:(613) 592-6937

447 chemin March. C.P 13500. Kanals. Ontano. Canaan K2K tXB 761.:t613) 592-2790 Ties:(053) 4162 fas:1613I $92 6937
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APPENDIX 5. STRUCTURAL ANALYSIS OF LIFTING ATTACHMENTS

AS-1.O INTRODUCTION

This appendix demonstrates that the Titan can safely withstand
lifting forces expected under normal and abnorma1' conditions.
Two cases are considered. In the first case - the unit is
lifted in the normal manner _using the handle.__In the second
case, it is improperly lifted using one of the four mounting _
points found on each end plate.

AS-2.O LIFTING VIA THE HANDLE

The Titan is shown in Figure A5.1. When lifted by its_ handle,
forces are transferred to the end plates by the four #10
screws. This section shows that each attachment point is able
to safely withstand a snatch lift. It is assumed that a
snatch lift imposes a 3 g inartial load on the unit.

AS-2.1 Shear Failure of the Screws

The four screws are #10-32 UNF, Type 304 stainless steel.
This material has a tensile strength of 85,000 psi and a yield

__.

strength of 35,000 psi.[6, p. 6-39] The tensile area for-
(3 these screws is 0.0200 square inches.[7, p.798]
V

The shear yield strength of the screws is assumed to be.58 %
of its yield strength , or 0.58 (35,000) = 20,300 psi. [7, p.90].

Lifting via the handle causes shear stresses'in the screws.
The force required to cause shear yield is:

F = 20,300 (.02) = 406 lb

Since there are four screws, a load of ' 4 (406) = 1624 lb is
required to cause a screw to yield in shear. This is
equivalent to an inertial load of 1624/45 = 36 g's. It is
assumed that a snatch lift applies an inertial load of 3 g's'.
Therefore, the factor of safety on shear yield is 36/3 = 12.

58 October, 1993*
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AS-2.2' Shear Tearout Through thW End Plates

Figure AS.2 shows th= end plate It is 0.125 inch thick' ASTM
B265 Grade 2 titanium plate. This. material.has a tensile !

strength of 50,000 psi ar.d ; minimum yield strength of'40,000 ' i

psi.[8] It is_ assumed that the shear yield strength is 50~% ;

of the yield strength, or 20,000 psi. |

!

Shear tearout stress is given by:[7, p.780]

r,= F/2at i
:

!where: F= applied force
_

'
a= the closest distance from the hole to the edge

of the plate i

t= the thickness of the plate

Solving for F, the force required-to cause shear yield.at a
single hole is:

,

F = r,* 2at i

;

(2C,uoG) 2 ) ( . 25 ) ( .12 5 ) = 1250 lb
'

=

r

O As there are four screws, a force of 5000 lb is required tx> - r

cause the plate to yield. This is equivalent .ta) an inertial !

Ioad of 500/45 = 111 g's. It is assumed that a snatch lift
applies an inertial load of 3 g's. Therefore,:the factor of; '

safety on plate yield is 111/3 = 37

A5-2.3 Tensile Failure of the Plate
:

Examination of Figure AS.2 shows the tensile area of the plate I
to be large in comparison with the shear area calculated in i

A5-2.2. It is also clear that tensile strength of materials
exceeds shear strength. These two facts indicate that tensile a

failure of the plate is not a credible failure mechanism.
-!

'

AS-3.0 LIFTING VIA THE MOUNTING POINT
-t

As shown in Figure AS.2, the minimum distance from a' mounting
point to the edge of_the plate is 0.25 inches. This is.the J
same as the shear tearout distance of section AS.2. As allL
other parameters are the same as.the case-' considered in A5-
2.2, the force required to cause shear. yield is-1250 lb. In- a
other words, a single mounting point can withstand an inertial- '

load of 1250/45 = 27 g's without yielding in shear. Thu s , _ : in - q
the unlikely event.that the Titan is lifted using a single :
mounting point, it is still able to withstand a.3 g snatch- '

59 -October, 1993 !
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load without yieldin'.
,

.

A5-4.0 suggggy

This appendix has shown that the Titan lifting points have
sufficient strength to withstand 3 g snatch lifts in normal-' 1

and abnormal orientations. The minimum safety factor on yield- -

was found to be 9. This large margin provides assurance that- f
the Titan can be safely and easily handled.-

!

,

>

|

:!
,

!
,

)

!
.
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,

i

r
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Figure A5.1 -The Titan Gamma Radiography. Exposure Device
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APPENDIX 6. Sealed Source Classification Certificate
for the C-990
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CERTIFICAl t-
O SEALED SOURCE

CLASSIFICATION DESIGNATION AND PERFORMANCE
Sealed sources are classified in accord with standards estab!!shed by )
THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) and i

THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) i
!

CERTIFICATE NO: 76 DATE: 92 August 20

CAPSULE MODEL: C-990 CONTENTS: Iridium-192
DRWG. NO: K122213-600
CAPSULE MATERIAL: 316L Stainless Steel OVE.RALL DIAMETER: 0.187 inches
ENCAPSULATION: Single OVERALL LENGTH: 0.775 inches

ANSI CLASSIFICATION AND PERFORMANCE STANDARD W | ANS177 C43515 |

CLASSIFIED PERFORMANCE STANDARD (2)

TEST CLASS METHOD REMARKS ,

TEMPERATURE 4 Comparison Pass (See Comments) -!

EXTERNAL
PRESSURE 3 Comparison Pass (See Comments)

IMPACT 5 Comparison Pass (See Comments)
VIBRATION 1 No Test Reqd.

PUNCTURE 5 Comparison Pass (See Comments)

(1) See definition on reverse sde
(2) See Tabfe 1. Performance Standards on reverse sWe
(3) Amencan Nanonal Standard N542-1977is a revision of ANSI N5.10-1968

COMMENTS: The C-343 scaled source has been tested and found to meet the
performance requirements of ANSI N542-1977 classification C43515. Since
the containment system for the C-990 is identical to the C-343, the

'

C-990 meets the same performance requirements.

It is hereby certified thL't the descnbed sealed source meets the specified standard as prescribedin # mericanA
NationalStandard N542-1977 " Sealed Radioactive Sources. Classification". This standard complies with the
classification andperformance requirements of ISO 2919- 1980(E).

Testedby M. grean5ny. p.pna. Authorized G.A. Burbiace

Title Development Officer Title Mangger Package Engineerir g|

Date && 12):6/W Date kb $2 hGf26
o . -

O NORDION \
TIONALINC.

!

|
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REFERENCES ~
|

(1) DEFINITION - CLASSIFICATION DESIGNATION:

The classificabon of a sealed source shad be designated by the code ANSIlotowed by two dgtts to indicate the year of approval of the
Amencan Natonal Standard used to determine the classificabon followed by a letter and five og:ts.

iThe letter shall be eriher a C or an E. The ietser C designetes that the contaired activity does not exceed the maximum levels
estabitshed by ANSt. The louer E designates that the contamed acevity exceeds the maximum levels established by ANS1, ,

The fast dgit shat be the class number which describes the performance standards for temperature.
'

The second dgit shall be the class number which desenbes the peilm u ric.6 standards for extemal pressure.

The third dgit sha8 be the class number which describes the performanos standards for impact.

The fourth digit shall be the class number which describes the p ;w us- standards for vibranon.

The fifth dgit shall be the class number which desenbos the performance standards for puncture.

(2) TABLE 1 - PERFORMANCE STANDARDS: 3

TEST CLASS

1 2 L 3 4 5 i 6 X

'

Temperature No Test -40*C (20 min) -40'C (20 min) -40*C (20 min) -40'C (20 min) -40'C (20 min) Special

+80*C (1h) +180*C (th) +400"C (t h) and +600*C (1h) and +800*C (t h) and Test
thermal shock thermal shcK* thermal shock
400*C to 20*C 600*C to 20'C 800'C to 20*C

,

|

Externs! No Test 25 kN/m abs. 25 kN/m gbs. 25 kN/m bs. 25 kN/m abg. 25 kN'm abg. Special [2 2 2 2 z
2 to 7 MN/m to 70 MN/m to 170 MN/m Test j

to 2 MN/rf)
Pressure (3.6 lbflin )

2 2 2
(290 lbt/m (1015 lbf/in ) (10153 lbt/in ) (24 656 lbt'in )to atmosphors
abs. abs, abs. abs. i

Impset No Test 50 g (1.8 cz) 200 g (7 oz) 2 kg (4.4 !b) 5 kg (11 b) 20 kg (44 lb) Special !

from 1 m (3.28 ft) from 1 m from 1 m from 1 m from 1 m Test
and free drop ten
tmos to a steel
surface from
1.5 m (4.92 ft)

Vibration No Test 30 msn 25 to 500 30 min 25 to 50 90 mm 25 to 80 Not Used Not Used Socctal
Hz at 5 g peak Hz at 5 g peak Hz at 1.5 mm Test
amp. amo and 50 to amp. peak to

90 Hz at 0.635 peak and 80 to
mm amp. peak to 2000 Hz at 20g '

peak and 90 to |500 Hz at 10 g

I
Puncture No Test 1 g (15.4 gr) from 10 g (154 gr) 50 g (1.76 cz) 300 g (10.6 cz) 1 kg (2.2 tb) Special

,

1 m (3.28 ft) from 1 m from 1 m from 1 m from 1 m Test .j

?

.

|

@ INTERNA 770NALINC.HORDION1o
)

447 Atuch Road. P.O. Box 13500, Kanata, Ottano, Canaaa K2K EX8 Tel.:(613) 592 2790 Teht:(053) 4162 Fax:(613) 5924937 1
447 chemin Afarch. C.P.13500. Kanata, Ontano. Canada K2K 1X8 T61.:(613) 592 2790 T6 tex:(053) 4162 Fax: t6 f 3) 592 6937 ,

o
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SEALED SOURCE

CLASSIFICATION DESIGNATION AND PERFORMANCE
b. . CERTIFICATE ,

SEALED SOURCES ARE CLASSIFIED IN ACCORD WITH STANDARDS
ESTABLISHED BY THE AMERICAN NA TIONAL STANDARDS INSTITUTE (ANSI)

,

COMMITTEEN43-3,3

I
DATE: 1983 May 5 CERTIFICATE NO: 53

CAPSULE MODEL: C-343 :
,

ENG. DRWG. NO: A17715/A CONTENTS: Iridiun Pellets ;

OVERALL DIAMETER: 0.187" ~ OVERALL LENGTH: 0.775"

CAPSULE MATERIAL: 316L Stainless Steel ENCAPSULATION: Single

:
ANSl 77 C 43515 |

ANSI CLASSIFICATION AND PERFORMANCE STANDARD "' ;

CLASSIFIED PERFORMANCE STANDARD m

!
TEST CLASS METHOD REMARKS

!TEMPERA 11)RE 4 TEST PASS (See 02:ments)
-.:

!

ENA'pE . f,3 TEST PASS (See Cmments)

i1

IMPACT 5 TEST PASS (See Cmments) !

!
!

V!BRATION 1 10 TEST muna.u
:

1
PUNCTURE 5 TEST PASS (See Caments) l

!

I
n SEE DEmm0N ON REVERSE $2DE. j

tri SEE TARE 1. PERPORMANCE STANDARDS DN REVERSE SDE.

01 SEE NOTE ON REVERSE SOE.

COMMENTS: All tests were performed on inactive capsulas
- with and without dmrny source.

It is hereby cernfied that the described sealed source meets the specified standard as prescribedinwAmerican
NarronalStandard N542-1977 ** Sealed Radioactive Sources. Classification" This standard complies with the classification |

. andperformance requirements of1501 DIS 2919.3

Sign ggf. ..d.t Culber.ts@ !

b i ATOMIC ENERGY OF CANA0A 1.1MITEDwe.mmhgimL_Wician_"
i/ COMMERCIAL. PRODUCTS, OTTAWA CANADA o,re . . . . . 1983 May,,,,5

_, ,.

. n .n m
__

j
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AECL-CP Date : 1983 25v 4

CAPSULE TESTING WORK SHEET
'

;

I

N sTURE class , 4*
te s t .

ANSI - N542-1977 SEALED RADIOTNT SOURCES CLASSIFICTtTICN
1

Capsule description : C-343 Ridioaradw Cansule

model C-343 Iriditzn Pellets
_ content :

OD = 0.187" Iangtil = 0.775"dimensions ;

encapsulation . Single

1

reference : Dr wina No. A17715/A
1) VLBT - Sensitized

[} Leak Test Type ; 2) Water Pressurization Test results ; PASS

Comments : Because of the size of the capsula, tm leak test methods were
minyed with inemssed sensitivity.

ks~
[ - J.P. OJ1bertson

.
approved by *J . 011haMnm

} conducted by : ,

- -



. AECL-CP Date : 1983 nw 4i

CAPSULE TESTING WORK- SHEETo
%.)

test N Ws PPESSUIE class . 3*
.

ANSI - N542-1977 SEALED 70IQACITVE SOCECES C5ASSIFICATICN

C-343 Radim w da Cansule |
Capsule description :

;Iridiun PelletsC-343 contentmodel:

CD = 0.187" Iengtti = 0.775"
dimensions ;

Singleaencapsulation

Drzreing No. A17715/Areference :
1) VIET - Sensitized
2) Water Pressurizatici ht PASS lLeak Test Type ; results *,

1

comments : Because of the size of the capsu3e, tse leak test mexds were '

employed with increased sensitivity.

|
:

!.

.

.P. Q ertSm
- conducted by I approved by .**

N

:

m



AECL-CP Date : 1983 S Y 4

CAPSULE TESTING WORK SHEET
n

~ Q,0

5te s t *. -- MM class ,

ANSI - N542-1977 SEAIED RADIOACTIVE SOlmCES CIASSIFICATION

Capsule description ; C-343 ParHem apirf Capsule

C-343 Iridiun Pelletsmodes: content :

OD = 0.187" Iangth = 0.775"
dimensions ;

Singleencapsulation .

I
A9 *

reference ;

1) VIET - Sensitized
l'h

-

t,g Laak Test Type ; ?) Water Pmssurization Test results *, PASS

Comments : Pumee of the size of the capsule, two leak test methods
were employed with ircreased sensitivity. ;

!

!

l

!

I

!

d --i.tv%-

.

conducted by : J.P. Culbertscn approved by , ..P. Culhartson*
,



AECL-CP Date : 1983 nay 4

CAPSULE TESTING WORK SHEET
)

5
class *'

test . ,

ANSI - N542-1977 SEAIED RADIO 7CfIVE STICES CLASSIFICATIQ1

C-343 Radicarachv CaosuleCapsule description :

C-343 Iridian Pelletsmodel; content :

OD = 0.187" Iength = 0.775"
dimensions ;

Single
encapsulation .

Draw 2ng No. A17715/A
referenee :

1) VIBT - Sensitized,c 3
i s PASSLeak Test Type ; 2) hter Pressurization Test results *,#
'-

Because of the size of the mmule, two leak test netbois wereComments -
er: ployed with increased sensitivity.

s

N,. -

) conducted by . J.P. NNtson approved by *5 P. Culbertson
'> ,
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APPENDIX 7. Results of the Titan Radiation Survey
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TITAN RADIATION SURVEY RESULTS ,

,

;!

,

-$
;

i
i

1

, i

4

.

I

i
.

. . j

i
j

Kevin P.J. O'Hara .. i

March, 1993 .i
i

[

'

-!

4

-

-

;

~ .-.



.

,

4

'( ) One Titan shield was surveyed on 1993 March 02; both Titan shields
were surveyed on 1993 March 05. The effect of source position on
external radiation fields and the effect of depleted uranium (DU)
shrinkage on external radiation fields were investigated in greater
detail.

Measurement Geometry and Instrumentation

The . distance between the shield's surface and the geometric- centre .
of the instrument's sensitive volume was 50 mm. The measurement
of the exposure rate at this distance from the surface shall-be

2averaged over an area of 10 cm with no linear greater than 5 cm.
This field shall no exceed 50 mR/h.(3.583 aA/kg). If this field

'

requirement is achieved, the~ field requirments at the surface and
1 meter from the surface will be achieved. .

Three instrument's were used for the survey. Instrument .(1) is.a .

GM tube which detects crack leakage more easily than an ion chamber !

because of its smaller sensitive volume. Instruments (2) and (3)
are ion chambers which are closer to the requirements required by
ANSI for radiation survey measurements.

.

(1) Bicron Surveyor 2000 GM Tube

O
,

S.N. 6-144-060
Calibrated on 93 Jan 26 ;

Active Length 6 cm ,

.

(2) Bicron RSO-5 Ion Chamber

S.N. 6-144-107 *

Calibrated on 93 Jan 26 |

200 cubic cm volume i

(3) Victoreen 471 Ion Chamber

S.N. 6-144-266 .

Calibration Due'Date 93 March 24 :
485 cubic em volume with an equilibrium cap

,

Instruments (1) and (3) were used for the . first survey on 1993 _;
March 02; Instruments (1) and.(2) were used for the second survey- '

on 1993 March 05. I

!
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Source Activity

The Ir-192 source activity was 119 Ci on 1993 March 01, using
2Nordian's exposure rate constant of 0.54 R*m /h Ci. (ANSI uses an

2exposure rate constant of O.48 R m /h Ci.)-

Radiation Survey Results

The grid pattern used for the radiation surveys is_ illustrated in
Figure 1. Each surface has been divided into. a number of
incremental areas. The radiation survey results for shield 1 on
1993 March 02 are summarized in Figure 2; the radiation survey
results for shields #1 and #2 on 1993 March 02 are summarized in
Figures 3 and 4 respectively.

Effect of Shrinkace on Measured Radiation Fields ,

Figure 5 shows the measured shrinkage in thousands of an inch (and
mm) for Shield #2. (These measurements were performed by QNDE.)

Figure 6 shows the verticstl plane of the Titan through the S-tube
for Shield #2. The exposure rate measurements (mR/h) for a number
of field points, the measured DU shrinkage (mm) and the estimated
increase in DU (mm) to reduce fields to 50 mR/h are summarized for

O "u="er =r 9 i=== ta ** e 91 ae-
Figures 7 and 8 show the estimated increase in DU to reduce the
fields at 50 mm to 50 mR/h for all measurement points for Shields
#1 and #2 respectively.

TECHNICAL NOTE

For estimating the DU necessary to reduce fields to 50 mR/h, it is
very important to distinguish the transmission of Ir-in depleted !192

'
1'ZIr in depleted-uranium afteruranium from the transmission of

transmission through about 40 mm of depleted uranium.
'

This is important since most low energy photons have been filtered
out with this thickness of shield; the energy spectrum has become '

quite hard. (It- will take more depleted uranium to reduce the -

fields after transmission through 40 mm DU. ) . For example, the
half-value layer of Ir-192 in DU is approximately 1.5 mm; after-
transmission through 40 mm, the half-value layer is approximately
3.5 mm. Table 1 summarizes the transmission factors for a number
of thicknesses of DU after transmission through about 40 mm of DU.

>
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\_)/ . Table 1

i

Transmission of Mr2Ir in DU after Transmission
through 40 mm DU '

Thickness of Transmission Field-
,

Depleted Factor Reduction '

Uranium (%) !
(mm)

0.5 0.90 10 |
1.0 0.82 la
1.5 0.75 25
2.0 0.67 33
2.5 0.62 38

'3.0 0.55 45
3.5 0.51 49

,

4.0 0.46 54 '

The half-value layer of n'2Ir in stainless steel after transmission
through 40 mm DU was measured to be 20 mm.

.

i

() Effect of Source Position on Radiation Fields
For Shields #1 and Shield #2, the entire surface of the Titan was
scanned using the Bicron Surveyor 2000 for a number of known source
positions. (The Surveyor 2000 is better suited for. detecting
localized radiation fields due to its smaller. sensitive volume.) '

The results are shown in Figures 9 and 10.

Figure 9 illustrates the maximum exposure rate at 50 m m -. a s a
function of source position for each surface. Figure.10 shows the
same data except that the fields have been normalized to the field
measure ment with the source in the optimum position.

!
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'~ summary

Radiography film will be used to map all six Titan surfaces. This
is particulary important for mapping the riser of Shield #2. 100
mR/h could be measured with the GM tube while only 50 mR/h could be
measured with the ion chamber.

In general there was a good correlation between the ion chamber
measurements and the GM tube which indicates good field uniformity
over the cross-sectional area of the ion chamber.

Shrinkage has accounted for some of the high field measurements.
The original shield design assumed 0.7% linear shrinkage; some of
the shrinkage measurements performed by QNDE show shrinkage much
greater than 0.7%. A larger shrinkage factor can be used in the
model; however, this will mean overshielding a large portion of the
surface.- The shield's manufacturer has estimated that the
shrinkage is about 2.5%. Nordion must be certain that the
shrinkage is reproducible; if not, it must be accounted for.

Overall, the radiation field measurements show a good degree of
optimization. Depleted uranium will have to added in some areas
due to shrinkage. ;

-- !

The position of the S-tube within the DU shield must be determined.
I

Lastly, it must be verified that the shields which have been
produced are the shields which were calculated (with the exception
of shrinkage). One method is to check the estimated DU thickness
based on the digitized surface with the calculated DU thicknesses
based on Nordion's model.

|
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L_q GENERAL INFORMATION'

:

This chapter presents an introduction and general description - '

of the Titan Gamma Radiography Exposure. Device. |
9

121 Introduction
,

The Titan is a gamma radiography- exposure device. It is ;

designed in accordance with 10 CFR Part 34'and ANSI N432-
1980.(References [1] and [2] respectively) 'These standards-
require the Titan to meet the requirements of 1-0 CFR Part-
71.[3] :

,

The Titan does not carry fissile material |

L2 Package Description

The Titan is shown in Figure 1.2-F1. It consists of a C-990-
sealed source assembly containing up to 120 C1 (4.44 TBq) of !

~ Ir-192. The C-990 meets the requirements for Special Form
.

Radioactive Material (CDN/0001/S) and is shown in Figure'1.2- t

F2.
|

The Titan.is made from titanium, stainless steel, depleted |

uranium, lead and rigid epoxy foam. It consists of ' a j..

\ predominantly titanium lock assembly, a titanium S-tube cast ,

within a depleted-uranium shield, all surrounded with' epoxy-
foam inside an external titanium shell. It also includes a !

Source Guide Tube End Cap, which incorporates a' wire' seal in ,

transport. The lock assembly includes a Bayonet End Cap which :
is installed whenever the unit is not in use. ;

~

.

1.2.1 Packaainc
'i

|The Titan weighs 44 lbs (20 kg),

The basic materials of construction are: titanium, stainless 1

steel, depleted uranium and epoxy foam.

There is no requirement for neutron absorbers or moderators. $

The external dimensions of the unit are summarized below: ;
-;

OVERALL LENGTH: 13 inches (330 mm) .

i

'

WIDTH: a maximum of 6.75 inches (171 mm)
HEIGHT: 10.13 inches (257 mm)

'

The S-tube has an inner diameter of 0.37 inches (9.4 mm). j

!

:

[
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~
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Figure 1.2-F1 The Titan Gamma Radiography Exposure Device :
a
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1. Controi cable +

2. 0898 Male connector
3. D899 Female connector 24. l.ocking pin 4 ,

5. Locking collar
6. Compression sonng _

7. sonng pin g ,

8. Connectorcap
9. Crimp

10. Crimped and threaded locking ban 3
11. Pig taa cable a a
12. Crimp

4
13. Cap capsule E:
14. Acttve matenat: ""tr ;

j 2 -5,

Q_15. Base capsule -6-

1.805 in.
~

,

(48 mm)

[
*

8t

-9

,r

k h -10

0.310 in. Dia*. *(8 mm)
%

7.24 in.
(184 mm)

,

Notes

1. Conforms to IAEA Spocal Form reg:irements
(AECB Certificate No. CDN/0001/S)

2. Manufactured to Nordion 9- _ - r-, I Il

IS/TS 0010 C000
3. Used with the Titan Gamma Radiograpt y

Exposure Dev6ce
4 The female connector has the folkmng ,

informanon engraved - 12
DANGER

RADIOACTIVE
,

13 i'

NH __ $ 4
1R192 C990 3r
SERIAL NO (as spectned) D: 15

Figure 1.2-F2. The C-990 Scaled Source Assembly ;
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There is no external impact protection, nor are'there any ;

internal structures. There are no receptacles, valves or :

sampling ports.

The relatively low heat generated by the. radioactive contents ,

is dissipated by natural convection from the surface of the
unit. There are no coolants.

There are no inner or outer protrusions. |

Lifting is done via the handle. The unit can be easily
handled by one person.

During transport, the package is secured using straps. 6

The depleted uranium shield consists of a nominally 2 inch (50 '!
mm) radius ball surrounding the C-990 plus additional l

projections used to attenuate scattered radiation. The -|
depleted uranium shield is shown in section in Figure 1.2-F1. i

Details of the radiation shielding are discussed in Chapter 5. |

There is no pressure relief system.
3

The depleted uranium shield, and epoxy foam are all welded
/Q within a titanium shell. The lock assembly is mounted onto
V the unit using three 1/4-20 screws. The Bayonet End Cap is

installed in the Lock Assembly and secured using the Push ;

Button Lock. The Source Guide Tube ~ is threaded into an'
adaptor provided on the front of the unit.

~

Containment of the radioactive contents is provided by the C- -

990 source assembly. (See Figure 1.2-F2.)' It meets the
requirements' for Special Form radioactive material.- i

Certificate CDN/0001/S is provided in Appendix 1.3-B.

The C-990 is retained within the depleted uranium shield by
the lock assembly.

A detailed information drawing is provided in Appendix 1.3-A.

1.2.2 Operational Features

The Titan is a relatively simple package 'with - no . specific
operational procedures required af ter - the unit has been
prepared for shipment.
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1.2.3 Contents of Packaaina-
|

The. Titan is designed to carry upito 120 Ci-(4.44'TBq) of'Ir-
.

192 in the C-990 sealed source assembly. -The radioactive l
^

contents are-in Special Form. (See 1.ppendix 1.3B)

For the purpose of this submission, one Ci of Ir-192 is
defined as- the quantity of Ir-192 required 'to yield an '

exposure rate of 550 mrem /hr at a distance of 1 meter from the
source.

The iridium target material has the following nominal I
properties:[15]

1) Density: 21 g/cc
2) Me.'. ting Point: 2 4 54 "C ;

3) Physical Form: 0.005 inch (0.15 mm) thick ~ x - '

O.106 inch (2.70 mm) diameter
pellets

4) Chemical Form: > 99.5 % iridium
;

5) Decay Heat (Ir-192): 6.1 mW/Ci
,

t

1.3 Annendices |
,

O This section contains the following appendices:
..

'

Q !

Appendix 1.3-A Titan General-Information Drawing
Appendix 1.3-B Special Form Radioactive Material Certificate

Number CDN/0001/S j

1
'

J

l
!
,

I

l
1

I

l
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Appendix 1.3-A Titan General Information Drawing

(Nordion Engineering Drawing K122213-501 rev. 1)
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26 NOTES :
- T 1. QtOSS WEKXT - 44 lbe (20 Kg)''h

,s

2. CAPACITY - 120 Q (4.44 TDq) Ir-192h 3. AECB PACKA41' DESIGN APPRWAL CERTinCATE CDN/1038/8(U)-85
27 4. USNRC/USDOT CERTIFICATE USA /7???/B(U)

5. C-990 SOURE ASSEMBLY MEETS REQUfREMENTS FOR SPEQAL FORM RADOACTIVE MT2 RIAL
(AECD ERTIDCATE No CDN/0001/SO 6. MANUFACTURE IN ACCORDANT W|TH NORDON SPECIFICATION IS/TS 0054 N990O 7. OPERATED, WAINTAINED AND PREPARED FOR SHIPMENT IN ACCORDANZ WITH

NORDION SPEQFK|ATON IS/0W 0090 N990
8. WELDINO IN ACCORDANT WITH ASWE BPV CODE SECTON IX

- o ecomum { 9. ITEMh5 NOT SHOWN IN TRUE SECTIONEUI.f 10.
LOCK As5EMBLY INCLUDES SCREWS. SPRINCS AND STAINLESS STEEL PINS (NOT SHOWN)%--- 11. TOROUED TO 80-90 in iba

12. INCLUDES SEALANT

{ MATERIALS :
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h Certification.-

bl
V g Atomic Ensigy Commission ce cont 4te |

Control Board de 14nstgio atomique .-7
l

!

SPECIAL FORM RADIOACTIVE MATERIAL CERTIFICATE NO. CDN/0001/S, (REV. 12)

_

30-A2-187-0 September 3, 1992

|
The Atomic Energy Control Board hereby certifies that the capsules, as
described below, have been demonstrated to meet the regulatory requirements
prescribed for special form radioactive material as defined in the Canadian

t

Transoort Packarine of Radioactive Materials Rerulations and in the IAEA
Regulations *, subj ect to the following prov.~ tions.

CAPSULE IDENTIFICATION

Nordion International Inc., Capsule Assemblies as listed below.

CAPSULE DESCRIPTION -

,

The radiography capsule assemblies, as listed below, consist of single-walled
encapsulated Type 316L stainless steel construction with external dimensions

O 19.7 mm long by 4.75 mm diameter. The capsules are crimped onto a 3.2 mm
- diameter 7-19 or a 2.34 mm diameter 7-7 stainless steel aircraft cable

assembly or 3.6 mm diameter Nuclear Iberica cable assembly, incorporating a
.

variety of lengths, lockin5 collars and end connectors which are specific to
each capsule and their respective drawings:

,

CAPSULE DRAVING CAPSULE DRAVING

C-141 A07123 Rev. A C-262 A11542 Rev. C
C-142 A07117 Rev. A XC-266 A12671 Rev. D
C-148 A07118 Rev. A C-267 A12668 Rev. D
C-169 A07122 Rev. B C-272 A12950 Rev. D
C-175 A07116 'Rev. C C-291 A13796 Rev. C '

C-187 A07119 Rev. A C-313 A16730 Rev. B
C-192 A07120 Rev. D C-337 A16827 Rev. C

XC-237 A07737 Rev. B- C-340 A16833 Rev. H
C-245 A09425 Rev. C C-343 A17715 Rev. D
C-259 A11539 Rev. F C-357 K121110001 Rev. A
C-260 A11540 Rev. C C-359 K121104002 Rev. B

'

C-261 A11541 Rev. E C-361 K121104003 Rev. B
C-369 K121104004 Issue B
C-990 K122213-600 Issue 1

Pa5e 1 of 2
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O
The following capsule assemblies are also authorized:

Length Diameter '

Capsule Drawing No. (mm) (mm) Encapsulation
,

C-164 A05488,(Rev.D) 14.9 3.99 single

C-204 A02029,(Rev.E) 15.0 5.5 single

C-181 A05800,(Rev.D) 16.5 11.6 single

C-349 A18351,(Rev.D) P.1 4.57 single
'

C-352 A18388,(Rev.C) 13.5 8.8 double

XC-234 A07516,(Rev.E) 9.78 6.1 single

i
AUTHORIZED RADIOACTIVE CONTENTS '

Each capsule is authorized to contain not more than 1850 GBq (50 Ci) of
cobalt-60 or 5550 GBq (150 Ci) of iridium-192, in the form of-solid metal i

pellets.

'

EXPIRY DATE

This certificate expires May 31, 1996
,
,

b3 E.S m- =
i

W.R. Brown |

Director
Radioisotopes and Transportation
Division i

REFERENCE ]
|

* International Atomic Energy Agency Safety Series No. 6, Regulations for the !
Safe Transport of Radioactive Materials, 1973 Revised Edition (as amended). !

NOTES

1. Revision 4: June 7, 1983. Capsula C-343 added. Certificate renewed.
2. Revision 5: September 22, 1986. Certificate renewed.
3. Revision 6: April 3, 1987. Capsules C-349 and C-352 added.
4. Revision 7: April 18, 1989. Capsules C-357 and C-359 added. |

~

Certificate renewed. !

5. Revision 8: August 24, 1989. Capsule C-361 added.
6. Revision 9: February 15, 1990. Capsula XC-234 added.
7. Revision 10: November 20, 1990. Capsula description revised and capsule

e C-369 added.
8. Revision 11. Hay 13, 1992. Certificate renewed.1

9. Revision 12. September 3, 1992. Capsule C-990 added.
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2.0 STRUCTURAL EVALUATION

This chapter describes the structural design of th'e Titan.

Two Titan prototypes have been fully tested in multiple drop
orientations. The structural assessment draws heavily on ,

'

the results of these tests, which are described in reference
I

[5).

2 .1' Discussion

The Titan is a small lightweight transport package. It has !

no external impact protection. Its main structural
components are'the titanium shell, the epoxy foam, the lock
assembly, and the-fittings retaining the S-tube and shield.

e

2.1.2 Desian Criteria

Compliance is demonstrated through full scale testing. The
structural design criteria were the successful completion of-
all the performance tests specified by ANSI N432-1980 and
the successful completion of two full scale 1 m puncture
tests and three full scale 9 m drop tests. These tests were
to be performed cn1 two prototypes. (All test requirements

'

) and criteria are described in Nordion Specification IS/DS
s/ 0055 N990, which is provided in Appendix 2.10-A.) ;

The results of tests relevant to the structural assessment
are summarized in Table 2.1-T1. Their application to
specific transport requirements-is discussed elsewhere in ,

'this chapter.

1

'l
l

i
1

1

I
1

)

O 1
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h
Table 2.1-T1. Summary of Test Results Relevant

to the Structural Design
c

Test Notes Result

Endurance Test 20,000 cycles. Pass

Radiation Shielding Radiation surveys completed on Serials Pass
Test 002 and 003 after full scale drop tests

have been completed.

Horizontal Shock 6 orientations, 20 impacts each. Push- Fail
(See Note) button lock deforms (Note 1)

Retest with bumpers (20 impacts). Outer Fail
Plate deforms. (Note 1)

Retest with new Cover Plate (2 Pass
'

orientations, 20 impacts each).

Vertical Shock 100 impacts. No significant damage. Pass

Handle Wrench 1.1 m drop snatch. No significant Pass
damage.

Penetration Test 4 impacts. No significant damage. Pass

V} Puncture Resistance 2 prototypes tested. No significant Pass
damage observed as a result of three
tests. (Note 2)

,

,

Accidental Drop 2 prototypes, 3 orientations tested. No Pass
excessive increase in fields. No loss
of containment.

NOTES: (1) The failures listed for the horizontal shock
test relate to the inability of the unit to meet-
the performance requirements of - ANSI N432-1980.
(Af ter the test, the unit was required.to remain '

operational.) As a result of these failures,
various design improvements were incorporated,
which enabled the modified prototype to
successfully complete this test. However, other
than the insignificant deformations to the lock
assembly, there was no significant damage to the-
unit. Even though it failed the ANSI requirement,
it did not fail the transport requirements.
(2) Problems in maintaining an appropriate drop
orientation required a total of- three puncture ,

tests to be performed.
.

and their(3) A full description of these tests ;

results can be found in reference [5).

74 October. 1993s

,

6



. . . ._

;

4

;
'

TR-9303-N990 rev A
%.) .

Weichts and Centers of Gravity2.2
,

The Titan weighs 44 lbs. It's centre of gravity is shown in
Figure 2.2-F1. s

2.3 Mechanical Properties of Materials

The mechanical properties of the materials used in this
evaluation are presented in Table 2.3-T2.

TABLE 2.3-T2. Mechanical Properties of Materials

MATERIAL YIELD ULTIMATE SHEAR SHEAR REF
STRENGTH TENSILE STRENGTH YIELD

(psi) STRENGTH (psi) STRENGTH '
(psi) (psi)

Type 304 35,000 85,000 20,300 [r,7]-

Stainless
Steel

Type 316L 42,000 - - - [13]
Stainless
Steel

fO
_ _ _

Grade 2 40,000 50,000 - 20,000 [8]
Titanium

Epoxy 450 [16]- -

Foam
.

NOTES: 1) For titanium, the shear yield - strength is
assumed to be 50 % of the yield strength. For
stainless steel, the , shear yield strength- is '

assumed to be 58 % of the yield strength.

2.4 General Standards for All Packaces
'

This section assesses the Titan with respect to the-
requirements of 10 CFR Part 71, Section 71.43.

1

(a) The Titan is shown in engineering drawing K122213-501
(Appendix 1.3-A) and has dimensions larger than the 10 cm
required by this paragraph cf the Regulations.

,

(b) The wire seal on the source guide tube end cap and the *

push button lock both provide evidence that the Titan has
'

not been opened.
,

,
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(c) The C-990 meets IAEA requirements for Special' Form ,

radioactive material and is the primary containment
system. zIt is securely retained by the lock assembly
whenever the. selector ring is in the LOCK ' position. _ Full ,

scale testing has shown that the C-990 is securely
retained within the depleted uranium shield during.the
tests for normal and accident conditions of-transport.

(d) See section 2.4.1. |
;

(e) There are no valves on the Titan. 4

(f) See section 2.6.

(g) See section 3.4.2.
,

(h) There are no features on the Titan that allow for '!
continuous venting during transport.

2.4.1 Chemical and Galvanic Reactions ;

i

The materials used in the Titan are, physically and chemically. ;

compatible. Titanium - and stainless steel alloys are used .!
throughout the package because of their_ excellent corrosion .i
resistance. -

2.4.2 Positive Closure

The C-990 is a welded stainless steel source. It can be !
opened only by destroying it. >

The C-990 is. secured in the lock assembly by the selector-ring
in all positions except OPERATE. In_ transport the selector'

*ring is maintained in the LOCK position. It cannot'be turned
into the operate position unless: ,

(a) the push button lock has been unlocked with an external ,

key, and,

(b) the_ peripheral equipment (ie. the source guide tube.and.
remote control) has been installed. (Refer to Part 2 of
this report for a description of these components'and
their function.) ,

2.4.3 Liftina Devices

!This sectionidemonstrates that the Titan can safely withstand-
. lifting forces expected under normal'and abnormal conditions.
Two cases are _ considered. In the first- case the unit is. 't
lifted in the normal manner using the handle. In the second '

'
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case, it is improperly lifted using one of the four mounting |
points found on each end plate.

LIFTING VIA THE HANDLE

The Titan is shown in Figure 2.4-F3.- When lifted by its
handle, forces are transferred to the end plates by the four
#10 screws.- This section shows that each attachment point is
able to safely withstand a snatch lift. It is' assumed that a
snatch lift imposes a 3 g inertial load on the unit.

,

The four screws are #10-32 UNF, Type 304 stainless steel.
This material has a tensile strength of 85,000 psi and a yield
strength of 35,000 psi.[6, p. 6-39] The tensile area for.
these screws is 0.0200 square inches.[7, p.798]

The shear yield strength of the screws is assumed to be 58 %
of its yield strength , or 0. 58 (35,000) = 20,300 psi. [7, p.90]

.

Lifting via the handle causes shear stresses in the screws.
The force required to cause shear yield.is:

F = 20,300 (.02) = 406 lb <

O Since there are.four screws, a load of 4(406) = 1624 lb ~is
,

required to cause a screw to yield in shear. This- is
equivalent to an inertial load of 1624/45 = 36og's. It is
assumed that a snatch lift applies an inertial load of 3 g's.

*

Therefore, the factor of safety on' shear yield is 36/3 = 12..
. ;

Figure 2.4-F4 shows the end plate. It is 0.125_ inch thick.-

,

ASTM B265 Grade 2 titanium plate. This material has a tensile ,

strength of 50,000 psi and a minimum yield strength of 40,000-
psi.[8] It is assumed that the shear yield strength.is 50 %
of the yield strength, or 20,000 psi.

!

Shear tearout stress is given by:[7, p.780]

7, = F/2at !

where: F= applied force I

a= the closest distance from the hole to the edge
of the plate

t= the thickness of the plate

i

O i
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Solving for F, the force required to cause shear yield at a !'~

single hole is: |

|

F = r,* 2at j
'

(20,000) (2) ( .25) ( .125) = 1250 lb=

As there are four screws, a force of 5000 lb is required.to 'I
'

cause the plate to yield. This is equivalent to ar inertial-
load of 500/45 = 111 g's. It is assumed that a snacch lift i

applies an inertial load of 3 g's. Therefore, the factor of
,

safety on plate yield is 111/3 = 37

Examination of Figure F2.4-F4 shows the tensile area of the f
plate to be large in comparison with the shear area calculated 't

in A10-2.2. It is also clear that tensile strength of
materials exceeds shear strength. These two facts' indicate .i
that tensile failure of the plate is not a credible-failure ;
mechanism.

LIFTING VIA THE MOUNTING POINT |

As shown in Figure F2.4-F4, the minimum distance from a .

f- mounting point to the edge of the plate is 0.25 inches. This
t is the same asithe shear tearout distance calculated above.

As all'other parameters are the.same as the case previously-
,

considered, the force required to cause shear yield is 1250
lb. In other words, a single mounting point can withstand an-
inertial load of 1250/45 = 27 g's without yielding in shear.
Thus, in the unlikely event that the Titan is lifted:using a :

single mounting point,.it is still able to withstand-a 3 g '!
snatch load without yielding. .)

SUMMARY j
i
'

This section has shown that the Titan lifting - points have
sufficient strength to withstand 3 g snatch lifts in normal ,

and abnormal orientations. The minimum safety factor on yield {
was found to be 12. 'This large margin provides assurance that j

the Titan can-be safely and easily. handled. i

2.4.4 Tiedown Devices i

!

There are no specific tie-down points on the Titan.
'

Typically, it will be secured using-straps or.other~such
,

;

('") I
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hardware. It is the carrier's responsibility-to securely stow
the unit during ' transport. Appropriate guidelines are
provided in Nordion Specification IS/OM 0090 N990, which may |
be found in appendix 2.10-B.

2.5 Standards for Type B and Larce Ouantity Packaaina i

This section assesses the- Titan with respect- to the-
requirements of 10 CFR Part 71, section 71.51.

i

(a) (1) When subjected to the tests for normal conditions
'of transport specified in 10 CFR Part 71, section

71.71, there will be no-loss or dispersal of the
radioactive contents, nor will there be .a
significant increase in external radiation fields..
(This statement is justified in section 2.6.)

,

'(a)(2) When subjected to the tests for normal conditions
of transport specified in 10 CFR Part 71, section. ,

71.73, there will be no loss or dispersal' of the ;

radioactive contents, nor will there be an increase
in radiation fields in. excess of 1 rem /hr at one
meter from the external surface of the Titan.
(This statement is justified in section 2.7.)

(b) The Titan does not require filters or mechanical
cooling to neet the above requirements. .

2.5.1 Load Resistance

The regulations require the Titan to withstand a stacking load
of 5 x.44 = 220 lb without significant damage. .i

During the stacking test, each 0.12 inch thick x 10 inch high
end plate is subjected to a 110 lb. load. It is conservatively
assumed that this load is applied over a 1 inch width. By-

,

inspection, this is a slender column. The Euler Buckling load i

for these conditions is: '

2P = n2EI/L
where : P = buckling load- )

E = Young's Modulus (15E6 psi [11]) l
I = moment of inertia j

= bh /12 = 1. 4 E-4 in' |
3

L = length '

82 October, 1993
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!
' ' Substituting and' solving leads to an Euler buckling load of ,

207 lb. Thus, even under these conservative loading
assumptions, the Titan.end plates have enough strength to ,

support the 110 lb applied load.

2.5.2 External Pressure

The C-990 meets IAEA requirements for Special Form radioactive . .

material. It will not be affected by an external pressure of'
25 psi.

IThe epoxy foam alone has a compressive strength of 450 psi.
[16] Therefore, even if the significant strength offered by '

the titanium shell is neglected, the external dimensions of
the unit would remain' unchanged.

The C-990 will also be undamaged by this test. The C-990 can
be approximated as a thick walled cylindrical pressure vessel ,

with an inner radius, a, of 0.055 inches and an outer radius,
'

b, of 0.094 inches. The case of a thick walled pressure.
vessel under an external pressure load of q psi is considered-
by Roark.[12) The normal stresses in the longitudinal,
circumferential and radial stresses are given by:

2 2 2ai = longitudinal stress = -ga / (a -b )

2 2 2a = circumferential stress = -2qa / (a -b )2

a = radial stress = -q3

Substitution yields a , a and a equal to 37, 75 and 25 psi:i 2 3

respectively. These stresses are low in comparison with the
42,000 psi yield strength of the Type 316L stainless- i

steel.[13) Therefore, there will be- no damage to the
containment system as a result of this test.

The C-990 is retained by the selector . ring on the lock
assembly. The selector ring is not sealed and is not
vulnerable to an external pressure of 25 psi.

2.6 Normal Conditions of Transport
,

The tests for normal conditions of transport are specified in
10 CFR Part 71, section 71.71.

;

2.6.1 Heat
,

The thermal analysis for the normal conditions of transport is
discussed in section 3.4.

f
.k 83 October, 1993
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2.6.1.1 Summary of Temperatures and Pressures

The maximum radioactive contents of'the Titan generate less
than 1 W of heat. Therefore, the temperatures throughout the-
package will be close to ambient.

The only component of the Titan that may be at a higher
pressure than ambient is the C-990. Under normal conditions
of ' transport, and at an ambient temperature of 38 *C, the
temperature of the capsule is conservatively estimated to be
60 *C. Assuming it was loaded at'20 *C, the increase in
pressure relative to the atmosphere can be estimated using the
perfect gas relationship:

P , = PwT ,/Tu= 101 kPa (333/293) = 115 kPa

Thus, the maximum operating pressure is 14 kPa, or 2 psi.
At this low pressure difference, no substantial stresses are
imposed on the containment system.

2.6.1.2 Differential Thermal Expansion

The low amount of heat generated in the Titan results in small
temperature gradients and, hence, negligible thermal stresses.

2.6.1.3 Stress Calculations

The stresses imposed by thermal gradients and-pressure are
negligible in comparison with the stresses imposed- by the
mechanical tests for the normal conditions of transport.

2.6.1.4 Comparison with Allowable Stresses

The Titan has been qualified through full scale testing. (See
the discussion in Section 2.1.2.)
2.6.2 Cold

There are no liquids in the package.

The mechanical performance of the Titan has been tested ~ at -40
"C. There were no significant findings.[5]

Grade'2 titanium has an impact strength of 26 ft lb in the
annealed condition. [11, p.197) As such, it has an impact
strength comparable to ferritic steels.

For ferritic ' steels, NUREG/CR-1815 states that an adequate.
margin of safety is achieved for ferritic steel sections less

84 October, 1993
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than 0.4 inches thick. -The Titan'end plates are 0.125 inches ;

thick and the . shell is 0.078 inches thick. Since the
properties of titanium are similar to ferritic steels, and i

since brittle fracture is not a concern in-ferritic steels i

less than 0.4 inches thick, brittle fracture will not be a
concern in the Titan. .

2 6.3 Pressure

The C-990 meets IAEA requirements for Special Form radioactive
material. It will not be affected by-a drop in pressure to 25 t

'
kPa.

The C-990 is retained by the selector ring on the lock i

assembly. The selector ring is not vulnerable to a drop in
pressure to 25 kPa. '

2.6.4 Vibration -

Titan prototypes have completed many tests that' demonstrate
the ability of the package to withstand the effects of 4

vibration and- acceleration. In particular, successful :
completion of the endurance test, the horizontal and vertical ;

shock tests, and the drop tests for accident conditions of '

O transport _ proves that the fasteners used in the unit do not
- become loose or release during transport' and . routine

,

operation. The test procedures can be found in Appendix 2.10-A
and the results of these tests are discussed in reference _[5). !

2.6.5 Water Sorav Test

The water spray test was not completed. The materials used in '
the Titan are not vulnerable to water damage. :j

2.6.6 Free Dron Test

The free drop test was not completed' on prototype units.
However, it is submitted that the _ Titan will meet ' the
requirements of this test. This is justified as follows:

1) No damage was observed as a result of the 100-vertical
drops, the 100 horizontal shock tests and the penetration-
test. For each of these, the epoxy foam was undamaged ,

and intact. Furthermore, the lock position was
unchanged.

2) Little damage was observed after the 1 m pin drops.
Observed. damage was limited to a bent end plate. The
shell of the unit was undamaged and the lock position was
unchanged.
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3) The shield shif ted approximately 5 mm during the 9 m drop ;

and is expected to shift less because of the design !
improvements implemented under DCR 2787. (See the
discussion of Part 2, _Section 8.4.) If it is

'

conservatively assumed that .the shield shift is
proportional to drop height, approximately 0.7 mm shield
shift would be expected from the 1.2 m drop. The shield .

design allows for a 1.6 mm (0.063 inch) variation in
source position. Therefore, this shift is within design
parameters.

2.6.7 Corner Drop -

As the Titan is not a fibreboard or wood package, this
requirement does not apply.

,

2.6.8 Penetration

Titan serial 002 was subjected to 4 consecutive penetration
:

tests. Damage was limited to some minor dents. There was no |
breach of the titanium shell. No significant damage to the
lock was observed.[5] :

|

2.6.9 Compression :

The regulations require the Titan to be subjected to . the !
greater of 5 times the mass of the package or 13 kgf/cm (1.85 ;

2

psi) multiplied by the projected area of the package. The '
-

2projected area of the package is 450 cm2 (79 in ) . Multiplying {
2by 13 kgf/cm results-in an applied load of 59 kg(130 lb).

Five times the weight of the package is 100 kg (220 lb).
Therefore, it is necessary to show that the Titan can. <

withstand a. stacking load of 220 lb without significant
damage.

During the compression test, each 0.12 inch thick x 10 inch. '

high end plate is subjected to a 110 lb load. It is
conservatively assumed that this load is applied over a 1 inch
width. By inspection, this is a slender column. The Euler '

Buckling load for these conditions is:

P = n EI/L !2 2

;

where : P = buckling load
E = Young's Modulus (15E6 psi [11]) j

I = moment of inertia |

3= bh /12 = 1. 4 E-4 in'
L = length

i
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Substituting-and solving leads to an Euler buckling load of
207 lb. Thus, even under these conservative- loading
assumptions, the Titan shell has enough strength to support :

the 110 lb applied load. Therefore, the unit will-not be
significantly affected by the compression-test.

,

2.7 Hypothetical Accident Conditions |
:

The Titan has been qualified by full scale testing. The test
facility is described in reference [14), and consists.of a :

steel plate mounted onto a concrete slab. The target mass is-
,

far greater than 1000 times the mass of the Titan. -

2.7.1/2.7.2 Free Drop and Puncture Tests
.

Two Titan prototypes were subjected to a total of-three one ,

meter puncture tests and three 9 meter drop tests. These are !

termed drops 1 through 6 respectively and the orientations are :

summarized in Table 2 and reference [5] . Three pin drops were
required as the lock assembly had only slight contact with the
pin during the first drop. Thus drop 1 was repeated in the-
same orientation.

In each pin drop the unit was oriented such that the primary
N") impact would be on the lock assembly. This was judged to be !

k/ the most damaging orientation because of the following:

1) It directly affects the shielding system. Damage
to the lock assembly has the potential to release
the C-990 source assembly.

2) The light weight of the unit. implies little damage
to the external titanium shell. This can be
justified by considering the following:

a) There was relatively little damage resulting~ >

from drop 1.(See reference [5].) Damage was
limited to some bending of the front plate of
the unit,

b) There was relatively little deformation.to the-
shell as a result of the much more severe.9
meter corner and end. drops.

''

c) There was very little damage to the shell as a
result of the horizontal shock test and the
penetration test. The larger diameter of the ]
pin used for the pin drop spreads the load
over a larger area than the pins'used in the ,

horizontal shock and penetration tests. 1

Therefore, ..less damage to the. shell ~is
expected from the pin drop. j

N 87 October. 1993
1

-

|
|



i

!

.
TR-93 03-N990 rev A ;

! sj . j

!
,

Table 2. Drop Test. Orientations j
|

?

Drop Drop' Height Orientation ,

Number-

1 1.05 meter onto pin Aligned with lock
assembly. Titan 9

serial.002.

2 1.05 meter onto pin Aligned with lock
assembly. Repeat
of Drop 1 using
Titan serial 002.

,

3 1.05 meter onto pin Aligned with lock
assembly. Titan
serial 003..

,

4 9.45 meter Upright using
serial 002.

O 5 9.45 meter Toi front corner,:

using serial 002.
,

6 9.45 meter Onto lock assembly
using serial 003

;

NOTE: The units .were dropped ' from a 5 %- greater i

height to offset- the increase in weight
required to pass the ' shielding ' test. (See- ,

Part 2, Section 8) However, the. following .

Ianalysis still refers to these drops:as 1 m
and 9 m drops even though the drop heights
were 1.05 and 9.45 m respectively. '

;

.

i

!

.i

1
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The puncture test was completed prior to the 9 meter drop as
this sequence of tests is more damaging. Damage to the lock
assembly resulting from the pin drop could weaken the unit for >

the more severe 9 m drop, increasing the risk of loss of the
.

lock assembly. '

The three drop orientations for the 9 m drops were judged to
bound all drop orientations while providing objective evidence i

of the ability of the package to ' survive full scale drop
tests. The orientations were chosen on the basis of che-fact i

that they would cause the maximum shield shift and the most
damage to the lock assembly. The goals were-to demonstrate
that the worst case shift of the shield would continue to
satisfy the requirements of the regulations and to show that
the lock assembly will retain the C-990 under direct loading.

The orientations were chosen on the following bases:
!

1) The upright drop imparts relatively high inertial !

loads to the unit and tends to force the shield
through the base of the unit.

2) The top front corner drop provides the least '

surface area and hence results in the greatest
deformation.

Q 3) The combination of the upright and corner drops on
b a single unit bounds the damage expected from any-

.

single drop. While this is difficult-.to justify 1
analytically, it is reasonable.to assume that two
drops in two different orientations.are worse than -

any one single drop onto any part of the titanium
'

,

shell. The damage to the epoxy . foam during the
first drop lessens the support offered to the
depleted uranium during the.second. As.such, it
will experience a greater shift as a result of the -j
combined drops. This can be partially justified by ,

comparing the results of drops 4 and 5.to. drop 6.
The shield shifted approximately 5 mm as a. result '

of the combined drops, whereas there was negligible
shift as a result of drop 6. (See reference [5].

4) The only time appreciable' stresses are imparted ~to-
the lock is during a direct impact. Therefore, the ,

worst damage to the lock assembly.results from a
drop directly onto it.

.

'

5) The only time significant stresses are imparted to .

the C-990 is during a. direct impact onto the lock. ,

The light weight of the C-990 combined with the' |

flexibility of the. teleflex cable make it i
impossible to damage the source containment system.. 1

The only way to damage the source' assembly is to :

. damage the portion in co'ntact with the lock. Since-
.

4
'
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- the lock - only sees appreciable stresses during.a

,

direct impact, the only . time the C-990 can be e

damaged is during a drop onto the lock.

The results of the drop tests are deccribed in reference (5)..
Radiation surveys completed after the drop-showed a maximum
radiation field of 1500 mrem /h on contact with the lock after-
extrapolation to a 120 Ci source.-(See reference [5].) .Using;
the inverse square law, the field l' m from the lock ,is .
estimated to be 19 mrem /h, which is substantially less than
the 1000 mrem /h allowed by the Regulations.

The only significant damage observed was the-shift of the
radiation shield after drops 4 and 5. It was found that the

'

shield shifted about 5 mm (0.2 in) during'the drops. This is
significant as any movement outside. of the lock assembly
decreases the support offered to the shield in the subsequent
fire test. Since the drop test, the design has been modified
to allow for greater engagement of the S-tube within the exit
port and the actuator block. (The engagement . has been- ,

increased from 6.4 mm (0.25 in) to 9.5 mm (0.375 in).) This '

provides an additional safety margin to the design. It is- ,

submitted that the revised design will shift less than 5 mm
for the following reasons.

O. 1) Serial 002 was subjected to two 1.05 m drops and :
"

two 9.45 m drops. The observed 5 mm shift was at
least partially due to the cumulative ' damage
resulting from the two 9.45'm drops. A single drop
will result in less than-5 mm shift.

This can be partially justified by considering the
results of the drop tests. Unit 003 was subjected
to a puncture test and a 9 m drop test. There was i

no significant shift in the shield. Unit 002 was
subjected to two puncture' tests and two 9 m drop .;
tests. Its shield shifted about 5 mm. (See
reference [5).)

2) The increase in engaged length provides additional
support against lateral motion. |

This change has been implemented under Nordion Drawing Change
Request (DCR) number 2767. It improves the safety of the
package relative to the tests completed on prototype units.

,

,

A complete- description of the test program including ;

photographs is provided in reference [5].
'

i

O i
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2.7.3 Thermal

The thermal test is discussed in section 3.5.

Pressure increases as a result of the thermal test are not
considered as, with the exception of the C-990, the Titan is .

'
not a sealed package.

The only material vulnerable to the fire test is the epoxy
foam. It's function is to provide additional support to the
depleted uranium shield during the 9 m drop test. As the drop
test precedes the fire test, the loss of the foam during the
fire is of no consequence.

2.7.4 Water Immersion

The Titan does not carry fissile material. This requirement
does not apply. -

2.7.5 Summary of Damage

The damage observed as a result of full scale testing is
discussed in reference [5]._ Post drop test radiation surveys i

showed prototype units to have radiation fields less than the
1 rem /hr required by the regulations.

2.8 Special Form

The C-990 meets the requirements for Special Form radioactive
material. AECB Certificate CDN/0001/S is provided in-appendix
2.10-C.

,

t
*

2.9 Fuel Rods
L

Fuel rods are not shipped in the Titan. This requirement does
not apply.

*

2.10 Appendices

The section contains the'following appendices:

APPENDIX 2.10-A: IS/DS 0055 N990 rev B.
APPENDIX 2.10-B: IS/OM 0090 N990 rev B. j

#

APPENDIX 2.10-C: Special Form Ce:~';ificate Number CDN/0001/S

,

f '

'
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. OE|31GN SPECIFICATION IS/DS 0055 N990 (REV B)

-1 INTRODUCTION Exposure Device

This document describes the detailed test plan for the A shielded device employing a sealed source designed

Nordion Titan Gamma Radiography Exposure Device to allow the controlled use of gamma radiation for the

(GRED). The tests are required to demonstrate that the Purpose of making a radiographic exposure.

Titan meets the regulations for the design of gamma
radiation exposure devices and the regulations for the GRED
safe transport of radioactive material (references 1,3,4,
6,7). A description of the tests and detailed test Gamma Radiography Exposure Device. This term

procedures are included, typically refers only to the exposure device, and not to
the entire apparatus.

2 CLASSIFICATION tocked position

The Titan GRED is classified under ANSI N432(1980) as Condition of the exposure device when it is locked (with
a Class P, Type 1, Type R exposure device. The testing a key)in addition to being in the secured position.
described herein demonstrates that the device meets the
requirements of this specification for a device of this Projection Sheath
type. Additional testing willbe performed in order to
support the design and to demonstrate that the Titan A flexible tube for guiding the control cable and the
meets the transportation requirements for Type B(U) attached source assembly from the exposure device to
transport packaging (reference 6,7). the working position. Also known as a source guide

tube.

.3 PROJECT REQUIR.EMENTS ovarity Assurance nepresentative

The guidelines for design, inspection ar testing within A representative designated by Nordion's Quality
ANSI N432(1980) and ISO 9000(1987) s J be followed Assurance Department whose responsibility is to verify
throughout the project. Some requi e ments of the that the testing has been conducted in accordance with
revised ANSI standard, ANSI N43.9(1991) have been the quality assurance requirements and that the test
adopted. results are thoroughly recorded and are accurate.

Rem te contro/ Device4 TEST REQUIREMENTS
A device enabling the sealed source to be moved to an

Reference documents 1,3,4,6 and 7 outline m. detail the exposing position by operation at a distance away from
test requirements for gamma radiography equipment the exposure device. The remote control device includes
and transport packagings. Table 1 summarizes these the crank mecharusm, control cable and sheath. The-
test requirements. Details of the requirements are listed remote control sheath consists of a reserve side and a
in section 7 of this test plan. Figure 1 illustrates the projection side (see Figure 12 for illustration).
sequence and flow of these tests.

Secured position
The C990 source assembly has been demonstrated to
meet Special Form requirements and has been classified Condition of the exposure device when the source
as C43515 according to ANSI N543(1977)(see Appendix assembly is fully shielded and restricted from
B). movement.

5 DEFINITIONS Source Assembly

Many documents govem the testing to be performed on A complete assembly including a sealed source, a short

the Titan. They use many terms which are sometimes length (150 mm) of cable, a locitng ba!1 and an end
connector. The source assembly used in the Titan is

O interchangeable or which may have subtle differences mmeaning. For the purposes of this Test Plan, the called the "C990" (ref. drawing K12223-600 Rev. B).

following definitions shall apply.

3 of 25 93 MAY
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Table 1 - Governing Specifications and Their Tests

Standard or Specification

Device Nordion ANSI ANSI 10CFR 34 10CFR 71IAEA Safety ISO CD !
Under IS/DS N432 N43.9 (Radiography) (Transport) 3999 |Series No. 6Test Test 0055 (1980) (1391) see note 1 see note 2

| X ,Entire Projection Uncer Stress X X

Apparatus Endurance 20.000 20,000 50.000 50,000

Radiation Shielding X X X X X X X |

Vibration see note 3 X | X X

Horizontal Shock X X X X

Vertical Shock X X X 'X |

Handle Wrench X X X

Lock Breaking X
,

Exposure Water Spray see note 3 X X

De ce Irnmersion see note 3 X X

Penetration X X X

Puncture Resistance X X X X X X

Accidental Drop / X X X X X

D Re X X X X X

Corrosion see note 3 X

Free drop Test see note 3 X

Stacking Text see note 3 X

Kinking X X X X
Rem
Control Crushing X X X X
Device

Tensile X X X X

Kinking X X X X

Projection Crushing X X X X

Sheath
Tensne X X X X

Tightness /

Source Tensile
Assembly X X X X

Notes:
1) 10CFR 34 requires all of the tests fmm ANSI N432 (1980) in addition to those indicated. ,

2) 10CFR71 includes the following tests that will not be performed: Heat, cold, reduced external pressure,
increased extemal pressure and compression.
1) Test will not be performed, but device is qualified by discussion.

93 MAY 4 of 25
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. DEslGN E7ECIFICATioN ISCS 006s N990 (REV B) .

< QUALITY ASSURANCE' 7 ! PROTOTYPE TESTING
REQUIREMENTS |

7-1 Tests On The Entire Apparatus a
The Nordion Titan project is managed in accordance .l
with Nordion Specification IS/QP-0052-N990 and ISO ~ 7,$,$ : - Projection Under Stress Test
9000(1987). Testing will be performed in accordance
with IS/QP-0052-N990. 71-1-1 Purpose

61 Independent Testing - The purpose of this test is to measure whether
the torque required to drive and retract the

Where testing is performed by an organization source through a complete exposure cycle'
independent of Nordion International, the testing and changes during a lifetime of normal use. This ; . :

results will be documented by this independent test is not a requirement of ANSI N432(1980). It
organization. Where testing is performed by Nordion . is performed to verify the design and is based -

'

International,it will be thoroughly documented by the on the Projection Under Stress Test from ANSL
. test engineer using sketches, photographs, video tapes N43.9(1991). 3

and the Data Sheets in Appendix A. All test results will
be validated by the project engineer. The testing will be 7-1-1-2 Equipment
witnessed by a Quality Control Representative where

. appropriate. The entire GRED apparatus shall be tested.
Before the final test it will have been subjected

Representatives from the Canadian Atomic Energy to a variety of tests (see Figure 1).' A torque
Control Board will be invited to witness all testing. meterSnap On modelTBS2FUA willbe-

employed.

2 Sub-Contractor's Quality Assurance 7-1-1-3 Location

- (I accordance with ISO 9003 or CSA Z299.3. Quality
> contractors must have a quality assurance system in ne mi H rformed at Nordion

Intemational,Kanata, Ontario,
system requirements melude a quality policy, a quality

.- system organization, quality records,a calibration 7-114 Approach-
'

system and personnel training. Sub-contractors will be '

evaluated on systems, procedures, and ability, prior t The testing will be performed in two stages.
the start of testing. Initial torque readings will be made on the new

GRED equipment. Then, after a series of tests .
6-3 Calibration on theindividualcomponents, the

measurements will be repeated.
Equipment used for measuring test results shall be
calibrated at the time of the test. The equipment 'Ihe final torque measurements will be <

calibration due date shall be recorded on the data sheets. performed on' equipment that has been !

subjected to the following tests:
Calibration shall be performed by a qualified laboratory.-

'

. . . .
.

exposure device : horizontal shock, vertical+
,

shock, handle wrench and penetration

remote control device : kinking, crushing, .*
1

tensile !
~

, pmjection sheaths : kinkmg, crushing, tensile - 1*

source assembly: tensile - ie

The test setup is shown in Figure 2. The j
bending radii for the remote control and
projection sheath willbe 500 mm. .

' S3 M AY - 6of 25 j
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. Ten exposure cycles will be performed during cycles, an exercise will be performed in order to
D; which the maximum driving / retracting torque demonstrate that the source assembly will not -' 'd willbe recorded. disconnect when projected out of an open

._
projection sheath. '

' 7-1-1-5 Procedure
7-1-2-2 . Equipment

1) Set up the GRED equipment in the
.

i

configuration shown in Figure 2. The The automated endurance test equipment )
bending radii at comers shall be 500 mm for illustrated in Figure 3 will be used to perform ,

the remote control and projection sheath. the cyding. Impressions of the source tube will
Connect the torque meter to the remote be made using Dow Coming Mold Making .I
control crank mechanism. Compound DC HSII. :!

. l

2) Drive the source assembly to its fully 7-1-2 3 Location I
'

extended position and then retract it fully.
. . _

Care must be exercisedin order not to With the exception of the themal cycling this .
measure the sharp rise in torque when the test shall be performed at Wordion Intemational -]
source reaches the end of its travel at each Inc., Kanata, Ontario.
extreme. ,

'

7-1-2-4. Approach
3) Measure the driving torque and record the

maximum value measured during the cycle. The equipment will be subjected to continuous
cycling for 20,000 cycles.

4) Repeat the process 10 times and record the
.

1

data on the Projection Under Stress Test At the completion of 20,000 cydes,50 cycles will !
Data Sheet provided in Appendix A. Be be performed with the end of the projection - ''

certain to fill out all of the information sheath open. Dunng these exposures, the
requested on the data sheet. The test source assembly will extend it least 1 meter out
engineer must sign the data sheet and a of the projection sheath. This additional test is
quality control representative must witness not a requirement of ANSIN432(1980). Rather .

,

the test setup and at least one cyde of the it is a requirement of ANSI N43.9(1991) that has
testing. The test results must be validated been adopted to prove that the source assembly .

by the project engineer. will not accidentally disconnect or snag outside . i

the projection sheath. <'

5) Steps 1 to 5 are to be repeated once the
equipment has been subjected to the tests At the condusion of the test,100 cycles will be |
for conditions of normal use listed in performed with the exposure device at -40 C, . !
paragraph 7.1.1.4. and an additional 100 cydes will be performed

at +55*C. These cycles are not a requirement of
'

7-116 Data and Results ANSI N432(1980) and will be performed after-
the completion of the 50,000 cydes. The entire <

The test data shall be recorded on the form remote control and projection sheath need not .|
provided in Appendix A. Allof the required be exposed to the temperature extremes and 4

information must be completed. An increase in these peripherals may be shorter than those' - :

drive torque of 25% or more shall constitute a . used for the Enduz ance Test at ambient ' ,

__ failure. temperature.
,

1-1-2. Endurance Test After having been subjected to the endurance ;
test, the source assembly will undergo the

- 7-1-2-1 Purpose Tensile Test of paragraph 7.5.1.
,

The purpose of this test is to repeatedly operate
the apparatus in order to determine its
resistance to fatigue, and to measure any wear .i

on the equipment components. After 20,000 - i

?

!
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The test setup is shown in Figures 2 and 3. 7) Once 20,000 cycles have been completed, the ,

b]/ The automatic test apparatus shall meet the end of the projection sheath shallbe opened
following requirements: to allow the source assembly to pass

through. 50 cycles shall be performed
Muumum speeds : rotating 180 RPM during which the source assembly shall

linear 0.75 m/s extend at least 1 m from the projection
sheath.

The torque that the apparatus exerts at each extreme
shall be determined by measuring the force experienced 8) At the completion of the testing, the
by the drive cable during manual operation. The test apparatus shallbe moved to an
apparatus will then be adjusted accordingly. environmental test chamber where the

equipment shall be subjected to 100 cycles at
7-12-5 Procedure temperature of-40 C. The remote control

device and projection sheath do not need to ,

1) Measure the length of the dummy source be entirely exposed to the temperature
assembly. Record the measurements and extreme, and these peripherals may be-
the source assembly serial number on the shorter than those used for the Endurance
C990 Source Assembly Tensile Test Data Test at ambient temperature.
Sheet, as this length will be required for
comparison at the completion of testing. 9) Repeat step 8 with the temperature
Record the tolerance associated with the stabilized at +55 C.
length measurement and the calibration
date of theinstrument. 10) Remove the dummy source assembly. Tag

and identify it, as a Tensile Test will be
2) Check the integrity of the source tube by performed on it as per paragraph 7.5.1.

taking an internal impression using Dow
Coming Mold Making Compound DC HSII. 11) Check the integrity of the source tube by

taking an internalimpression using Dow
3) Connect the equipment under test as shown Corning Mold Making Compound DC HS11.

in Figures 2 and 3.
7-12-6 Data and Results

4) Start the automated test equipment and
verify that the counters are working Any start up, shut down or maintenance action
properly. Check that the source assembly is shall be recorded on the Endurance Test Log
travelling from the secured position, to the Sheet. Photographs of any failures or
fully extended position and back. Record maintenance actions are required. Failure
the date, time and cycle number on the criterium shallbe failure of the apparatus to |

Endurance Test Log Sheet in Appendix A. remain completely operational after 20,000 |

Be certain to initial every entry on the Log cycles. Additionally, the integrity of the sealed )
Sheet. source and the encasement of the depleted j

uranium shielding must not be breached !
5) Regularly check the test apparatus for through wear after 20,000 cycles. An impression !

'

proper function or any incidents. An of the inside of the source tube will be made
incident includes test startup or shutdown, before and after the test.
failures or any other test anomalies.

7-2 Tests On The Exposure Device
6) Record any incidents on an Endurance Test

Log Sheet provided in Appendix A. The
7-2-1 Radiation Shielding Testdate and time of each incident must be

recorded andinitialled. If theincident
results in the shutdown of the test 7 2-1-1 Purpose

apparatus,it must be witnessed by a Quality
Assurance Representative before the The purpose of this test is to determine the

apparatus may be restarted. Disposition exposure rate from the device to assure that the
,

' must be given by the project engineer.

i
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DESIGN SPECIFICATION- IS/DS 0055 N990 hEV B) '

!

dose rates in the vicinity cf the device are within 7-2-1-3 . Location ' i

the limits specified. |

_

The testing willbe performed at Nordion-
''

7-21-2 Equipment Intemational, Kanata, Ontario.~. !
'

The Radiation Shielding Test will be performed 7-2-1-4 Approach |
'

on new exposure devices prior to the
.

'
commencement of any mechanical testing., after A detailed survey will be performed on the two .
the Penetution Test, after the Endurance Test, - prototypes when they are new. Measurements !

and if possible, after the tests for accident will be made at every node on the grid system -_ *

conditions. The measurements will be made on ' shown in Figure 4. In locations where the fields
exposure devices with the end caps installed, are relatively high, the hot spots will be located. t

and identified in relation to the grid system.
The Victoreen Model 440 and Model 660 survey Radiation field measurements made after the i

'
meters will b; used for measurements. exposure device has been subjected to testing
Substitute survey meters may be used provided will not be as thorough. They will be limited to
that the meter used to measure the exposure rate areas of the device which have been affected or-

'

at 50 mm from the surface does not average over damaged by the testing < i

2an area greater than 10 cm and has a sensitive ,

volume with no linear dimension greater than A sample sourceis to be used for the
5 cm. The meter used to measure the exposure measurement and the exposure rate is to be .,

rate at 1 m from the surface must average over extrapolated to the maximum rating of 4.44 TBq |
an area no greater than 100 cm' and its sensitive (120 Cl) for the device. The extrapolation is not . ,

volume must have no linear dimension greater to exceed a factor of 10, but the source should
,

than 20 cm. approach an activity of 4.44 TBq (120 Ci) as '!
safely and as practically as possible. j

|- .
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Radiation Survey Grid System j
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.

The maximum specified dose rates are as device, and calibration data for the test

3 follows: equipment. Complete all of the calculations[V on the Radiation Shielding Test Data Sheet.
2 mSv/hr(200 mrem /h)on surface*

7-2-16 Data and Results0.5 mSv/hr (50 mrem /h) at 50 mm from the*

'"#'"'"
The measured field for the source and the

0.02 mSv/hr (2 mrem /h) at I m from the activity calculation shall be shown on the*

surface Radiation Shielding Test Data Sheet. The

The activity of the source will be determmed "*["! " #*lculation shall also be recorded
t*

based on 0.55R/h-Ci at im for 1r-192.

Fields in excess of the following constitute a
If it is not possible to load a source assembly I^II"#*
into the device after the tests for accident
conditions, then a radiation shielding analysis 2 mSv/hr(200 mrem /h) on surface -a
will be performed to deternune the exposure

0.5 mSv/hr (50 mrem /h) at 50 mm from the*rate at this time.
surface

7-2-1-5 Procedure 0.02 mSv/hr (2 mrem /h) at 1 m from the*

surface
1) Measure the fields from the sample source

and record the field output at im on the 7-2-2 Vibration Tc::t
Radiation Shielding Test Data Sheet.

7-22-1 Purpose
2) Observing the required safety procedures,

install the sample source in the exposure he purpose of this test is to determme the
device.(q resistance to the exposure device to the'j vibration that it may encounter during normal'

3) Using N Victorcen Model 471 Survey service. This test is not a requirement of ANSI
Meter neasure the fields 50 mm from the N432(1980).
surfaw of the exposure device at each of the
nodes identified on the 3 inch grid system in 7-2-2 2 Discussion
Figure 4. Allow the meter reading to
stabilize for 5 seconds at each node before The vibration test is intended to reveal any
recording the measurement. Record each environmental effects that may occur during
measurement on the Radiation Survey Data nonnal service. Examples of such effects include
Sheet, and record the maximum reading on loosening of fasteners, component fatigue,
the Radiation Shielding Test Data Sheet. chafing between parts and cracidng or rupturing

of structural members. The Titan is a welded
4) Measure the fields at 1 m from each of the 6 structure, and any threaded fasteners are fixed

faces of the exposure device. Record the with thread sealant. Additionally, the enclosure
measurements on the Radiation Survey is injected with an epoxy foam which fills all
Data Sheet,and record the maximum intemal voids.The Titan is therefore not
reading on the Radiation Shielding Test susceptible to the environmental effects caused -
Data Sheet. by vibration and there is no need to perform the

vibration test.
5) After the initial Radiation Shielding Survey

on the exposure device, it is only necessary 7 2-3 Horizontal Shock Test
to make readings at locations on the device
that are likely to have been affected by the 7-2-3 1 Purpose
testing.

The purpose of the Horizontal Shock Test is to6) Record all of the data on the Data Sheets,
test the resistance of the device to the shocks :] including the date, activity of the test that may be encountered during normal service.

'

source, serial number of the exposure ;

!
|

i
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l

sideof theexposuredevice
,

7 2 3-2 Equipment e

* sideof thelock( The equipment used for the Horizontal Shock
e face f thelock

Test is shown in Figure 5. The exposure device ,

bottomof theexposuredeviceshall have been subjected to the Projection *

Under Stress Test of paragraph 7-1-1 prior to the side of projection sheath connector .,

HorizontalShock Test. face of projection sheath connector*

7 2 3-3 l_ocation 7-2-3-5 Procedure

The testing will be performed at Nordion 1) Connect the device under test to the
International, Kanata, Ontano, suspension chain. Adjust the height and

orientation so that the device will strike the
7-2-3-4 Approach pin in the desired location.

The Horizontal Shock Test consists of pendulum 2) Measure the height to the bottorn of the
swings of the device into a rigidly mounted exposure device.
cylindrical steel bar. The exposure device will
be suspended such that it just touches the target 3) Swing the exposure device back until the
when at rest. The release position will be a height to the bottom of the device has
point where the center of gravity of the device is increased by 100 mm.
100 mm above its rest position. The steel bar
will have a diameter of 50 mm and a length of 4) Release the exposure device and allow it to -
300 mm. It will be mounted to a rigid object swing into the target.
with a mass of at least 225 kg. 20 impacts will
be performed on each of the following areas:

O '

-
,

Exposure

i M
u

""" ~

A

50 rrrn

100 fTrn,

'N
_ L_ _v s,

-s _ ._ _

^ ---+
N I

i

Messa225 Kg \
---> < 300 mm

'

Figure 5
\ Horizontal Shock Test
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5) Record any observations on the Horizontal 7-2-4 Vertical Shock Test

('. Shock Test Data Sheetin Appendix A.
\ Video tapes and photographs are required. 7-2-41 Purpose

6) Repeat steps 3 to 6 until the device has been The purpose of the Vertical Shock Test is to test
subjected to 20 impacts in the same area. the resistance of the device to the shocks that

7) Repeat step 1 to 6 until each of the areas
listed in paragraph 7.2.3.4 has been tested. 7-2-4 2 Equipment

8) Connect the remote control and the The test equipment is shown in Figure 6. The
projection sheath to the exposure device and exposure device shall have been subjected to the
perform 10 exposure cycles. This step may Horizontal Shock Test of paragraph 7.2.3.
be performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-2 4-3 Location
discretion of the test engineer. ..

The testing will be perfonned at Nordion
7-2-3 6 Data and Results International, Kanata, Ontario.

The date of the testing and the observations 7-2-4-4 Approach
after each impact shall be recorded on the
Horizontal Shock Test Data Sheet. Video tapes The vertical shock consists of a drop from a
and photographs of each impact area shall be height of 150 mm in the normal carrying
taken as a minimum. Failure criteria shall be position. The impact surface will consist of a
failure of the device to complete 10 satisfactory rigid body with a mass greater than 225 kg
exposure cycles or failure of the Radiation covered by 25 mm of plywood.100 shocks will
Shielding Test. be perfo Tned

-
Device

"
-( Release Mechanism

4

8
O O

25mm v
Ptywood

150 mm.

|
^ANw%%%%N%%%NN

/
< Mase:t 225 KO

.
.

. /

Figure 6
~

Vertical Shock Test
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7-2-4-5 Procedure 7-2-5 Handle Wrench Test

Q 1) Attach the exposure device to the release 7 2-5-1 Purpose ?
'

mechanism and verify that the height to the
bottom of the exposure device is 150 mm. The purpose of this test is to demonstrate that

the carrying handle is able to withstand the
2) Release the exposure device and allow it to wrenching force applied to it when the device is

fall onto the target. dropped while tethered to a security chain. This
test is not a requirement of ANSI N432(1980). It

3) Record any observations. Video tapes and is a requirement of ANSI N43.9(1991) and has
photographs are required. been adopted because it is considered to be an *

4) Repeat steps 1 to 3 until 100 shocks have
been performed. 7 2-5-2 Equipment ,

5) Connect the remote control and the The test equipment is shown in Figure 7. The
projection sheath to the exposure device and exposure device shall have been subjected to the
perform 10 exposure cycles. This step may Vertical Shock Test of paragraph 7 2 4.
be performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7-2-5-3 Location
discretion of the test engineer.

The testing will be performed at Nordion
7 2-4-6 Data and Resuits International, Kanata, Ontario.

The date of the testing and the observations 7-2-5-4 Approach
after each impact shall be recorded. Video tapes
and photographs shall be taken. Failure criteria The device will be dropped 1 m while attachedp shall be failure of the device to complete 10 to a chain. The upper end of the chain will be - .I

V satisfactory exposure cycles or failure of the atrached to a rigid mounting point.
Radiation Shielding Test.

t

///////////
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Figure 7O Handle Wrench Testd
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7 2-5-5 Procedure 7-2-7 Immersion Test '

p
( 1) Fasten the safety chain to the handle of the 7-2-7-1 Purpose

exposure device.
The purpose of this test is to verify that the

2) Suspend the exposure device so that it will exposure device will not suffer any damage
drop 1 m when released. Make certain that when subjected to immersion in 15 m of water.
the exposure device will not reach the
ground or strike any obstructions when it is 7-2 7-2 Discussion '

released.
He primary purpose of the Immersion Test is to

3) Release the exposure device and allow it to demonstrate that a package can maintain its
drop freely. structural integrity when subjected to an

external pressure. The Titan does not
4) Record any observations. Photographs and incorporate seals to prevent the influx of water,

video tapes are required to support the nor are any of its components sensitive to water.
observations. He source assembly has been demonstrated to

meet Special Form requirements (Appendix B).
5) Connect the remote control and projection Therefore, the Titan would not suffer any

sheath to the exposure device and perform damage if immersed in water and there is no
10 exposure cycles. This step may be need to perform theImmersion Test.
performed at the completion of the
Penetration Test of paragraph 7.2.10 at the 7 2-8 Free Drop Test
discretion of the test engineer.

~

7-2 5-6 Data and Results

The free drop test is intended to simulate the

O Observations shall be recorded. Photographs type of shock that a package would experience if
and video tapes will be taken. Failure criteria it were to fall off the platform of a vehicle or ifit
shallbe failure of the device to complete 10 were dropped during handling.
satisfactoryexposurecycles,lossof useof the
handle or failure of the Radiation Shielding Test. 7-2-8-2 Discussion

7 2-6 Water Spray Test Since the Titan GRED will be subjected to a 9 m
drop test, the requirements for the free drop test

7-2 6-1 Purpose are exceeded and thereis therefore no need to -
perform this test.

The purpose of the Water Spray Test is to
subject the device under test to a simulated 7 2-9 Stacking Test
rainfall of 50 mm per hour for at least one hour.
This test would reveal any problems with 7-2-91 Purpose
packagings vulnerable to water saturation,

ne stacking test is designed to simulate the
7 2-6-2 Discussion loads pressing on a package over a prolonged

period of time and is intended to ensure that the
The Water Spray Test is particularly intended effectiveness of the shielding and containment

'

for packagings where distance shielding may systems will notbeimpairedrely on non-metallic materials which are
softened by vater or materials bonded by water 7-2-9-2 Discussion
soluble glue. Since the stmeture of the exposure

,

device is made entirely of metal,it is not Becauseof theshapeof theTitanGRED,
vulnerable to such conditions. Here is stacking of the device is improbable and nearly
therefore no need to perform this test. impossible. There is therefore no need to

perform this test.
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i

7-2-10 Penetration Test 4) Release the bar. j

5) Record any observations on the Penetration
. 7 2-10-1 Purpose

Test Data Sheetin Appendix A. Video
'

The purpose of this test is to demonstrate that tapes, sketches and photographs are

the exposure device can withstand the impact required to support the observations

that the device may receive during nonnal
6) Repeat steps 1 to 5 for all of the areas of the -

conditions of transport. The test simulates the '

exposure device being struck by a slender object device listed in paragraph 7.2.10.4.
'

such as a length of metal tubing or the
7) Connect the remote control and projectionhandlebar of a falling bicycle. The test is a

transport requirement (reference 6). sheath to the exposure device and perform
10 exposure cycles.

7-2-10-2 Equipment
7-2-10-6 Data and Results

The equipment required consists of a 32 mm bar .

Observations sha!! be recorded on the '

and a guide tube to direct its fall. The bar shall 1Penetration Test Data Sheet. Sketches,
have a hemispherical end and a mass of 6 kg.

P otographs and video tapes shall be taken.hThe exposure device shall have been subjected
Failure criteria shall be failure of the device toto the Handle Wrench Test of paragraph 7-2-5.
complete 10 satisfactory exposure cycles or

7 210-3 Location failure of the Radiation Shielding Test.

7-2-11 Puncture Resistance TestThe testing will be performed at Nordion
Intemational, Kanata, Ontario.

7-2-111 Purpose
7 2104 Approach

h The purpose of the Puncture Resistance Test is

The bar will be dropped venically so as to strike to simulate accident conditions and to

the exposure device at the following sensitive demonstrate that the source is not accidentally

areas: exposed as a result. ;,

bottom of exposure device 7-2-11-2 Equipmente

side of exposure device The equipment used for this test includes a 9 m
e '

front oflock drop tower, an unyielding surface and a mild -*

side oflock steel pin with a diameter of 150 mm and ae ,

length of 200 mm. 'Ihe exposure device shall '

The height of the drop shall be 1 m measured have been subjected to the endurance test of
from the lower end of the bar to the intended paragraph 7-1-2.
point ofimpact. t

7-2-113 Location
!7 2-10-5 Procedure

The Accidental Drop Test will be performed at ,

1) Position the exposure device so that the AECL Research, Chalk River Laboratories,
targetimpact areais facing up. Chalk River, Ontario.

2) Using the guide tube, adjust the relative 7 2114 Approach
position of the bar and the exposure device
so tha t the bar will fall vertically and strike The test will consist of a 1 m drop onto the end
the target impact area when released. of a cylindrical target such as to cause the

maximum damage to the device under test. The
3) Adjust the height between the bottom of the target will be rigi ily mounted perpendicularly

bar and the targetimpact area to im. to an unyielding surface. The surface consists ofO a 100 mm thick s.=el slab on a cuN Yock of
'

93 MAY -17 of 25
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DESIGN SPECIFICATION IS/DS 0053 N990 (REV B)

concrete measuring 3 m on each side. The drop followed by a 9 m oblique drop in the

.( ) concrete sits on bedrock. orientation shown in Figure 8. The second
U prototype will be subjected to a 9 m drop

7-211-5 Procedure directly onto the lock. See reference 5 for further
discussion on the drop orientations.

1) Suspend the exposure device in the upright
orientation so that when released the lock 7-2-12-5 Procedure
will strike the pin. Hoist it so that the height
measured between the upper surface of the *) Suspend the exposure device in the upright.

pin and the bottom of the lock is 1 m. orientation and hoist it so that the height
'

,

measured between the upper surface of the
2) . Start the high-speed camera and release the target and the lowest point on the exposure

exposure device. device is 9 m.

3) Record the results, including observations, 2) Start the high-speed camera and release the
sketches and photographs of the damaged exposure device. -

areas.
3) Record the results, including observations,

7-2-11-6 Data and Results sketches and photographs of the damaged
areas.

The Puncture Resistance Test shall be .

'

documented with high-speed video, 4) Repeat steps 1 to 3 with the exposure device
photographs and sketches. The exposure device oriented for a corner drop as shown in -
need not be operational after the test, however Figure 8. Ensure that the centre of gravity of
the radiation fields are not permitted to exceed the exposure dev.:e is aligned vertically
10 mSv/h (I rem /h) at 1 m. over the lower cot.aer.

.Q'O12 Accidental Drop Test 5) Repeat steps 1 to 3 with the exposure device
oriented so that the primary impact will be

7-2-12-1 Purpose on the lock.

The purpose of the Accidental Drop Test is to
simulate an accidentalimpact and to >

Odemonstrate that the source will not be
accidentally exposed as a result of such an
impact.

7-212-2 Equipment

The equipment used for this test includes a 9 m
drop tower and an unyielding surface. The
exposure device shall have been subjected to a
Puncture Resistance Test of paragraph 7-2-11.

7-2-12-3 Location
'9m

The Accidental Drop Test will be performed at ,

AECL Research, Chalk River Laboratories,
Chalk River, Ontario. v '1

! l

7-2-12-4 Approach ///////////
A total of three 9 meter drop tests will be Figure 8
completed using two prototype units. Orie 9 m Corner Drop Test ;' prototype will be subjected to a 9 m upright

;

,
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7 2-12-6 Data and Results The only material susceptible to a fire is the
n epoxy foam which fills the void between the

The Accidental Drop Test shallbe documented outer structure and the depleted uranium

with high-speed video, photographs and shield. The shield is structurally supported by

sketches. The exposure device need not be means other than the epoxy foam and shielding

operational after the test, however the radiation provided by foam is insignificant. There is

fields are not permitted to exceed 10 mSv /h therefore no need to perform the fire test.

(1 rem /h) at I m.
7-3 Tests On The Remote Control Device

7-2 13 Fire Test
n ng Test-

7-2-13-1 Purpose
7-3-1-1 Purpose

The purpose of the Fire Test is to measure the
,

resistance of the test specimen to an accidental The purpose of this test is to veriFj that the
fire condition. remote control cable and sheath can we,thstand

the stress due to kmkmg that may occur dunng
7-2-13 2 Discusion normal use.

The fire test is intended to demonstrate that the 7-3-1-2 Equipment
radioactive material's shielding and
containment are not vulnerable to an accidental The remote control device will have 1 een
fire with a temperature of 800 C and duration subjected to the Projection Under Stress Test of v
of 30 minutes. paragraph 7-1-1.

The C990 source assembly has been The test apparatus used is shown in Figure 9.
demonstrated to meet special form regmrements The remote control sheath will be pulled

q) and can therefore withstand such a fire. The manually, and the speed will be measured using
shielding material is depleted uranium which an Ametek digital tachometer with a linear
has a melting point of 1200 C and will therefore measurement adaptor.
survive a fire. The outer structure of the TITAN
is made of titanium which has a melting point of
1670 C and can also withstand a fire.

50 cm

REMOTE CONTROL
SHEATH AND CABLE

4* * *
-g 6

I
CABLE CLAMP CABLE GUIDE

WITH SENSOR

>. Figure 9
Remote Control Kinking Test Setup

,
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!

7-3-1-3 Location 5) Repeat steps 1 to 4 with the loop at different

O The testing willbe performed at Nordion
locations on the sheath until 10 satisfactory
tests have been performed. ,

'

Intemational, Kanata, Ontario.
7-31-6 Data and Results

i7-3-1-4 Approach
All obst rations shallbe recorded on the data i

The cable will be laid out on a flat surface with a sheet pwvided. Each trial will be video taped.. -

500 nun diameter loop and one end secured. and the test setup will be photographed. The
.

The free end of the cable willbe pulled at a rate failure criterium will be failure of the final 'I

of 2.0 m/s 10% until the loop has disappeared. Projection Under Stress Lst.
The test will be repeated 10 times with loop in ;

different locations. 7-3-2 Crushing Test
'

7-3-1-5 Procedure 7-3-2-1 Purposs
-

1) . Arrange the control cable and sheath on the The purpose of this test is to demonstrate that
test apparatus with a loop 500 mm in the remote control cable can withstand the stress

,

diameter as shown in Figure 9. of the heel of a 100 kg person impacting at a

2) Secure one end of the sheath using the
'

clamp provided. 7-3-2-2 Equipment

3) Pull the free end of the sheath at a speed of The test apparatus is shown in Figure 10. The |
2 m/s untiltheloop has disappeared. remote control device shall have been subjected

'

4) Verify that the speed was between 1.8 m/s

O and 2.2 m/s. Record any observations on
the Remote Control Kinking Test Data Sheet
in Appendix A. Mark the sheath to indicate ,

the location where the test was performed.
|

rg
i

'
70

i
o

|_
'

- .. .-

Axis horizortal10 ,

f/,/'%
I t

r,: edge redu 2 mm / |
r : comer radu 5 mm .p*
g .,

:*g_ .. __

Heet- ,

Sheath*
n - _ , ' ,

;= - . . .

s N.
!on.n.en. in mm \.r.\\\\\\V. wri N\\\\ N |som m

O H

Figure 10 j

Crushing Test Setup
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DESIGN SPECIFICATION IS!DS C035 N990 (REV B)

7 3-2-3 Location 5) Repeat steps 1 to 4 at 10 different points
n along the sheath. For five of the tests the
(V) The testing will be performed at Nordion projection side and reserve side of the

International, Kanata, Ontario. sheath shall be superposed vertically . For
the other five tests they shall be side by side.

7 3-2-4 Approach Note whether the control cable is in the
projection sheath or reserve sheath or both.

The apparatus to be used for the test is shown in
Figure 10. The mass of the heel and crank shall 7-3 2-6 Data and Results
be 15 kg. The test surface shall have a mass
greater than 225 kg. He heel will be dropped The observations will be recorded on the data
from a height of 300 mm. The test will be sheet provided. Each trial will be video taped
repeated 10 times at different locations along the and the test setup will be photographed. The
cable. failure criterium will be failure of the final

Projection Under Stress Test.
7-3-2 5 Procedure -

7-3-3 Tensile Test
1) Arrange the equipment as shown in Figure

10. The sheath shall contain the control 7 3 31 Purpose
cable. Fix the sheath using guides.

The purpose is to demonstrate that the control
2) Raise the arm and verify that the height cable and sheath can withstand the tensile forces

between the sheath and the heelin 300 mm. that may be encountered during use.

3) Release the arm and allow the heel to swing 7 3 3 2 Equipment
freely down onto the sheath.

The remote control device shall have been
4) Record any observations on the Crushing subjected to the Crushing Test of paragraph

Test Data Sheet in Appendix A. Mark the 7 3 2. The test apparatus is shown in Figures 11
sheath to indicate the location where the test and 12.
was performed.

EXPOSURE REMOTE CONTROL SHEATH FORCE PNEUMATIC
DEVICE OR PROJECTION SHEATH TRANSDUCER CYUNDER

I

.u L

Ct. AMP ADAFTOR

AIR UNE j

DATA
MOUNTING LOGGER |

FIXTURE ;

1

|

Figure 11

Remote Control Sheath & Projection Sheath Tensile Tests

I
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DESIGN SPECIFICATION IS/DS 0055 N990 (REV B)
1

7-3-3-3 Location 10) Record any observations and include a plot
IN of the force profile from the data logger with

h The testing will be performed at Nordion the results.
International, Kanata, Ontario.

11) Repeat steps 9 and 10 until 10 tests have
7-3 3-4 Approach betn performed.

This test consists of t vo parts; first the remote 7-3-3 6 Data and Results
control sheath will be tested and then the
control cable and crank mechann.m will be ' liv observations will be recorded and plots of
tested. the measured force profile will be provided.

Each test will be video taped and the test setup
In the first part of the test, the remote control will be photographed. The failure criteria will
sheath will be tested. A tensile force of 500 N be failure of the final Projection Under Stress
(112 lb) will be applied for 30 seconds. The test Test or tailure of the source assembly (see

willbe repeated 10 times. paragraph 7.5.1.6). ,
;

In the second part of the test, the crank 7-4 Tests On The Projection Sheath
mecharusm will be secured and the crank arm
will be immobilized. A source assembly will be

7-4-1 Kinking Test
connected to the control cable and a force of
1000 N (225 lb) will be applied to the free end of
the source for 10 seconds. The test will be

7-4-11 Purpose

repeated 10 times.
He purpose of this test is to verify that the

7-3-3-5 Procedure projection sheath can withstand the stresses due
to kinking that may occur during normal use.

'

1) Secure the exposure device as shown in
7-4-12 Equipment/ Figure 11.

2) Connect the remote control sheath to the The pmjection sheath shall have been subjected

exposure device. to the initial projection Under Stress Test of
paragraph 7-1-1. The test apparatus is shown in

3) Connect the tensioning apparatus to the Figure 12.

crank mechanism using the clamp adaptor.
7-4-13 Location

4) Apply a load of 500 N (112lb) for 30 s.
The testing will be performed at Nordion
International, Kanata, Ontario.5) Record any observations and include the

plot of the force profile from the data logger
with the results. 7-4-1-4 Approach

6) Repeat steps 4 and 5 until 10 tests have been One end of the projection sheath will be secured.

performed. A flat closed loop will be formed, with the fixed - ,

end under the loop. A hoop will secure the ends

7) Secure the remote contml as shownin where they cross so that the loop cannot come

Figure 11. Immobilize the crank handle. undone, yet will still allow the sheath to slide.
A force will be applied to the free end of the

8) Connect a source assembly to the control pmjection sheath at a tangent to the loop. The
cable, force will be applied such that it reaches 200 N

(45 lb) in 5 seconds. The force will then be held

9) Apply a force of 1000 N (225 lb) for 10 s to for 10 seconds. He test will be repeated 10

thelock ball on the source assembly. times at the same place in the projection sheath.

bv

'
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DESIGN SPECIFICATION IS/DS 0035 N990 (REV B)

7-4-15 Procedure 74-1-6 Data and Results-

(
- 1) Arrange the projection sheath on the test All observations shall be recor ied en the data

apparatus with a loop 500 mm in diameter sheet provided. The force measurement will be
as shown in Figure 12. The fixed end of the recorded automatically and a printout for each
sheath must be on the under side of the loop. trial willbe ncluded with the results. Each trial )

willbe video taped and the test setup will be
2) Close the clamping hoop over both ends of photographed. The failure criterium will be

the sheath where they cross in the loop so failure of the final Projeccion Under Stress Test.
that the sheath can still slide, yet the loop
cannot become undone. 7-4-2 Crushing Test

3) Secure the exposure oevice using the 74 2-1 Purpose
mounting fixture and attach the projection
sheath to the exposure device. Attach the The purpose of this test is to demonstrate that
other end of the projection sheath to the the projection sheath can withstand tiie stress of ,

tensile test apparatus. the heel of a 100 kg person impacting at a
horizontal and vertical speed of 0.8 m/s.

4) Apply a force to the sheath so that the force
reaches 200 N (45 lb)in 5 s. Maintain the 74-2-2 Equipment
force for 10 s.

The projection sheath shall have been subjected
5) Record any observations including the final to the Kinking Test of paragraph 7-4-1. The test

diameter of the loop in the Projection Sheath apparatus is shown in Figure 10.
Kmkmg Test Data Sheet in Appendix A.
Attach the force measurement plot to the 74-2-3 Location
data sheet. Mark the sheath to indicate the

A) location where the test was performed. The testing will be perf'onned at Nordion
International, Kanata, Ontario.

6) Repeat steps 1 to 5 with the loop always at
the same location on the sheath until 10 tests
have been performed.

DATA
LOGGER

PNEUMATIC
PROJECTION SHEATH CYLINDER

SO em ,;

) 7-
~

C

/
TITAN CLAMPING CLAMP FORCE

HOOP TRANSDUCER

/

( Figure 12
Projection Sheath Kinking Test'
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DESIGN SPECIFICATION IS/DS 0053 N990 (REV B)

7-4-2-4 Approach 7-44-4 Approach
/3
V The apparatus to be used for the test is shown in The projection sheath will be connected to the

Figure 10. The mass of the heel and crank shall exposure device and the exposure device will be
be 15 kg. The heel will be dropped from a fixed so that it cannot move during the test. A
height of 300 mm. The test will be repeated 10 tensile force of 500 N (112 lb) will be applied to
times at different locations along the sheath. the sheath for 30 seconds. The test will be

repeated 10 times.
7-4-2-5 Procedure

7-44-5 Procedure
1) Arrange the equipment as shown in Figure

10. 1) Secure the exposure device as shown in
Figure 11.

2) Raise the arm and verify that the height
between the sheath and the heel is 300 mm. 2) Connect the projection sheath to the

exposure device. -

3) Release the arm and allow the heel to swing
freely down onto the sheath. 3) Connect the tensioning apparatus to the

opposite end of the projection sheath using
4) Record any observations on the Cmshing the clamp adaptor.

Test Data Sheet in Appendix A. Mark the
sheath toindicate where the test was 4) Apply a load of 500 N(112lb) for 30 s.
performed.

5) Record any observations. Plot the force
5) Repeat steps 1 to 4 at 10 different points profile from the data logger and include it

along the sheath, one of which shall include with the results,
a connection.

'

(~ 6) Repeat steps 4 and 5 until 10 tests have been(]/ 7-4-2 6 Data and Results performed. '

The observations will be recorded on the data 7-44 6 Data and Results ,

sheet provided. Each trial will be video taped
and the test setup will be photographed. ne ne observations will be recorded and each test
failure cdterium will be failure of the final will be video taped. The measured force profile ,

Projection Under Stress Test. will be plotted and the test setup will be
photographed. The failure criterium will be

7-4-3 Tensile Test failure of the final Projection Under Stress Test.

7-44-1 Purpose 7-5 Tests On The Source Assembly

The purpose of this test is to demonstrate that 7-5-1 Tensile Test
the projection sheath can withstand the tensile
forces that may be encountered during use. 4 _. p

7-44-2 Equipment
The purpose of this test is to demonstrate that

The projection sheath shall have been subjected the source assembly can withstand the tensile

to the Crushing Test of paragraph 7-4-2. The forces that may be encountered during use.

test apparatus is shown in Figure 11.
7-5-1-2 Equipment

7 444 Location
The source assembly shall have been subjected .;
t the Projection Under Stress Test of paragraphne testing will be performed at Nordion
7"I~I-Intemational, Kanata, Ontario.

;

|
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DESIGN SPECIFICAllON . IS/DS 0053 N990 (REV B))

.> ' 7-51-3 Location 7-51-6 Data and Results
, f~~N,

.b The testing will be performed at Nordion ne observations will be recorded on the data
'i Intemational, Kanata, Ontario, sheet provided.- Each test willbe video taped 1

'

and the test setup will be photographed. The
.

7 514 Approach. source assembly shali not show an elongation of .-
l

- more than 1% ofits length.
A control cable will be attached to the source j

assembly and the opposite end of th2 source -|
assembly willbe fixed. A tensile force willbe 8 REFERENCI:ic, a

gradually applied to the control cable so as to
attain a load of 1000 N (225 lb) after 10 seconds. 1) ANSI N432 " Radiological Safety for the Design ,

The force will be maintained for 30 seconds. and Construction of Apparatus for Gamma

The test will be repeated 10 times. Radiography", August 1980
,

The largest diameter of the locking ball will be 2) ANSI N43.9 " Gamma Radiography --' - i

fixed and the testing willbe repeated. Specifications for Design and Testing of
Apparatus", October 1991.

7-51-5 Procedure
3) Title 10, Code of Federal Regulations, Nuclear

re the length of the source assembly. Regulatory Commission, Part 34 - Licenses for ;1) ie o
T.. must be done using a calibrated Radiography and Radiation Safety

instrument. Record the measurement and Requirements for Radiographic Operatiens.
the calibration date of the measuring device.
Take a magnified photo of the source 4) Title 10, Code of Federal Regulations, Nuclear'

assembly and connector. Regulatory Commission, Part 71 - Packaging
and Transportation of Radioactive Material.

2) Attach a control cable connector to the . .

source assembly. 5) TR-9240-N990, Safety Analysis Report for the -
Titan Radiography Device, Nordion -

3) Secure the opposite end of the source InternationalInc.
assembly (i.e., the capsule) using the source
clamp provided. 6) Regulations for the Safe Transport of :

Radioactive Material,1985 Edition (As

4) Apply a tensile force gradually to the cable Amended 1990), IAEA Safety Series No. 6,

connector so as to reach 1000 N (225 lb) after IAEA, Vienna,1990.
'

10 s.
7) Transport Packaging of Radioactive Materials

: Regulations, Atomic Energy Control Act, '
|5) Maintain this force for 30 s. SOR/91-304,9 May 1991.

6) Record any observations on the Source
.5/QP 0052 N990, Quality Plan for the Nordion -

.

Assembly TensileTest Data Sheetin 8)

Appendix A. Plot the force profile from the Titan Gamma Radiography Exposure Device.-

data logger and attach the plot to the data
sheet. After the testing, take a magnified
photo of the source assembly connector.

7) Repeat steps 4 to 6 until 10 tests have been
performed.

8) Repeat steps 3 to 7 with the locking ball
secured.

O
V
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APPENDIX A ,

.

' ' Test Data Sheets
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IS/DS 00$5 N990 DESIGN SPECIFICATION

Projection Under Stress Test Data Sheet
,_

( )
LJ

Date Torque Meter Model

Calibration Date Torque Meter Serial Number

Trial
Number Maximum Torque Reading (N m)

1

2

3

4

'

5
,

6

7

8

9

10

Has the equipment under test been subjected to the tests for conditions of normal use? Y| |N| |

Test By Witness

Project Engineer

/m

\.

93 APR 11



DESIGN SPECIFICATION ~ IS/DS 0055 N990 (REV B)

r

._

C990 Source Assembly Tensile Test Data Sheet
C \-

(,) Source AssemblySerialNo.

A. Initial Measurement

Micrometer Model No.

Serial No.

Calibratan Due Date

Initial Length

Test Engineer or Technician Date
.

B. Additional Testing

Was any additional testing performed on source assembly (e.g., endurance testing)7 Y N

If yes, Indicate details of test (e.g., endurance test, date, first cycle no.,last cycle no.)

("%.
b C. Tensile Test

Force Transducer Model No.

Serial No.

Calibration Duc Date

Test Force N

Test Duration s

(Attach a plot of the force measurement)

Test Engineer or Technician Date

D. Final Length Measurement

Micrometer ModelNo.

Serial No.

Calibration Due Date

Final Length

Test Engineer or Technician Date

lii 93 APR



DESIGN SPECIFICATIONIS/DS C055 N990

Endurance Test Log Sheet
_

' Cycle Test Engineer
No. Date Time Action (e.g., startup/ maintenance) Initials QC Initials

_..

L

e

_

e

I
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DESIGN SPECIFICATION IS/DS 0055 N990 (REV B)

1

Radiation Shielding Test Data Sheetg

\v).
t 4

J
'

- !
1

Serial Number Date 1

. The device has been ' ubjected to the following tests:s

,

,

'

C990 Serial No.

Activity of test source at 1 m = 0 R/h

divided by 0.55 R/h-Ci = (curie content)

divided by 120Ci = (extrapolation constant)

,

Maximum measured dose rates:

at 5 cm = (a)p ,

&

atI m = (b)
.

. Calculated dose rates ;

(a) divided by extrapolation constant = at 5 cm

(b) divided by extrapolation constant = at 1 m

.

Victorcen Model 471 Survey Meter

Serial Number Calibration Due Date
:

Surveyor QA Witness

Test Engineer Project Engineer |

O lv

I
|

l

93 APR ]v
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IS/DS 0055 IJ990 DESIGN SPECIF10ABON

Horizontal Shock Test Data Sheet3
);

h.f1 Serial Number Date

Orientation

Trial
Number Observations

1
__

2

3 -

4

5

6

7

8

^

9
-

10

11

12

13

14

15

16

17

18

19

20

Test Engineer QA Witness
r-

(x)
Profect Engineer

93 APR vt



DESIGN SPECIFICATION IS/DS o053 N990 (REV B) .'

Penetration Test Data Sheet '

O -

,

,

impact Area Observations
,

bottom of the exposure
device

.|

side of the exposure
-

'

device

front of lock
i

!

;

side of lock
!

O
,

Date Test Engineer *

,

QA Witness Project Engineer
\

,

t

|

i.

!

i

2

1

'g

i

vil 93 APR ,



DESIGN SPECIFICAT10N
IS/OS o055 N990

Nordion Titan Radiation Survey Data Sheet,e3
t !
V

Victorcen 471 Serial NumberTitan Serial Number

Calibration Due DateDate

Radiation Survey
Readings in mrem /h

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22

23 24 25 26 27 28 29 30 31 32 33

Position
R:adings at 34 35 36 37 38 39 40 41 42 43 44

Scmtrom

45 46 47 48 49 50 51 52 53 54 55* **

56 57 58 59 60 61 62 63 64 65 66

67 68

R: c:ngs at Top Bottom Right Left Front Back

1m

Note:
The meter on the surface is actually measuring the talue approximately 5 cm from the surface

(1 mremlh = 10 usv[h)

Source Activity

Surveyor __

Test Engineer

QA Witnets Project Engineer

e

NJ

v403 APR



IS/DS 0055 N990 (REV B)
- DESIGN SPECIFICAT1CN

Crushing Test Data Sheet-j r y
U:

.

Device under test

Trial '

ObservationsNumber Location of impact

,

I

2 ,

3

4

5

6 ,

7
,

8

{)N\
9

10 .

Test EngineerDate

Project Engineer .. ;

QA Witness

|

|
l

+ !

kj !

93 APR
k ,

,
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- DESIGN SPECIFICATION - j
. ..lS/DS 0053 N990. .;

L

- Remote Control Kinking Test Data Sheet '-

.

.%)
,

- Date .

Minimum Average Maximum ,

Trial Speed- Speed Speed
Number (ft/s) (ft/s) (ft/s) Observations

1 1
;
'

2
-

;

4 i

.i
5 L

.

6

7-

^ 8 r.
r

9 :
.

!
- 10

'| 11 !

'

i

12
'

'

13
r

|--' 14 .|
-

[15

.

Test Engineer Witness .]

1

'

Project Engineer
.|
-1

-)
. :|

O ,

|

!

! . 93 APR X

|

.. j
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IS/DS 0063 N990 (REV B) (
DESIGN SPECIFICATION ,

,..

I

Projection Sheath Kinking Test Data Sheet
f-

(
x

6

'

ObservationsTrial
(attach the force measurement plot) |

:. Number

1

i

2- t

i
3 J

,

4

| |
' '

5

'i6
i

7 1

, |

| 8 .i
'

i

j|9
|

10 ;

\'
11

12

l 13
L
'

14
!

15

Force Transducer Model No. Serial No. .|

Calibration Due Date
1
,

Date Test Engirieer
-

1
,

Project Engineer
QA Witness

1-
l
,

|

| ..

|- 93 APRd

|

I
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: APPENDIX B ~Jp .

.;

Special Form Radioactive Material Test Summary
1
i
s

Jij

Certificate, Scaled Source Classifica' tion
Designation and Performance (ANSI N542-1977)

'l

.]
<

~I

i

.']:

:

f

:
s

.i
!

!

!
+

}

?j
J

|
'

1
-;

s- .

'I
'

,

!

I

!.

'i

;
-t

iI

:

!|

t

. .;

-)

'f:
'

,
-

.,

'

.a.

|
;

|
-i

i .;
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S DECIA _ 20 9M RA JIOAC~~lV E MA-~ E 9 AL
TES-~ SUMMARY< L

The capsule model specified herein has been evaluated in accord with the International Atomic Energy Agency
!

(LA.E.A.) Safety Senes No. 6. Regulations forthe Safe Trtnsport of Radroactive Matenals,1985 Edition. Section )

VI, paragraphs 604 613 and 618.

i

TEST SUMMARY NO: 23 DATE: 1992 Julv 20

CAPSULE MODEL: C-990 CONTENTS: Iridiu=-192

DRWG NO: K122213-600

CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: J.137 inches

ENCAPSULATION: Single OVERALL LENGTH: 0.773 inches
i

SPECIAL FORM REQUIREMENTS (1)

TEST PASS FAIL METHOD REMARKS

(g%Afg X Comparison Comments belowI
g

PERCUSSION X Comparison Comments below
(sos)

DING Not required

HEAT X Comparison Comments below
(610)

X Comcarison Comments belowL,Q NG

(1) see speciat brm recurements on reverse sioe

COMMENTS:The C-343 has been tested and has passed all Special Form tests, ar.d has been
certified to meet the requirements for Soecial Form via Certificate CD5/0001/S.
Since the containmer.t s" stem for the C-990 is identical to the C-3'3, the C-990
also meets the recuirements for Special Form.

This summary verifies that the descnbed capsule model meets the requirements of Special Form in accord with
the I.A.E.A. Safety Series No. 6. Regulations for the Safe Transport of Radioactive Materials,1985 Edition.
Section VI, paragraphs 604-6t3 and 6tB.

Testedby M. Krzaniak, P.Eng.% Authorized G.A. Burbidge g
Manager, ?ackage Engineering

Title Develcoment Officer U - Title
,

92-f0 %
Date 42/0+/2/ Date

O NORDION \

TICWALINC.
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CERTIFICAI t-oV SEALED SOURCE I

CLASSIFICATION DESIGNATION AND PERFORMANCE
Sealed sources are classthed in accord wth standarcs established by
THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) and

THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)
i

CERTIFICATE NO: 76 DATE: 92 August 20

CAPSULE MODEL: C-990 CONTENTS: Iridium-192
DRWG. NO: K122213-600
CAPSULE MATERIAL: 316L Stainless Steel OVERALL DIAMETER: 0.187 inches
ENCAPSULATION: Single OVERALL LENGTH: 0.775 inches

ANSI CLASSIFICATION AND PERFORMANCE STANDARD W | ANSI 77 |C43515

CLASSIFIED PERFORMANCE STANDARD (2) ;
_ _ _

!TEST CLASS METHOD REMARKS

TEMPERATURE 4 Comparison Pass (See Comments)
EXTERNAL

O PRESSURE 3 Comparison Pass (See Comments)

IMPACT 5 Comparison Pass (See Comments)

VIBRATION 1 No Test Reqd.

PUNCTURE 5 Comparison Pass (See Comments)

(1) See dennmon on reverse sade
(2) See Table 1. Performance Standards on reverse side
(3) Amenean Nanonal Standard h&42-19U is a rewman of ANSI N6.10-1908

COMMENTS: The C-343 samled source has been tested and found to meet the
performance requirements of ANSI N542-1977 classification C43515. Since
the containment system for the C-990 as identical to the C-343, the
C-990 meets the same performance requirements.

It is hereby certified that the descrbed sealed source sneets the specified standard as prescnibeditflArnerican
Natsnal Standard N542-1977 ' Sealed Radioacttve Sources. CInssification". This standard cornpnes with the
classdication and perfortnance requirernents of ISO 2919-1980(E).

Testedby M. Krzaniak, p.rne. Authorized G.A. Burbidae

Title Development Officer Title Mangger Package Engineerir g

Date W 92)d/W Date kb $2 f0Gf26
O ' '

q

/ N
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REFERENCES

l'I DEFINITION . CLASSIFICATION DESIGN ATION:

The classificagon of a sealed source shed be desegnated by the code ANSI fonowed by two dpts to andcata the year of approval of the
Amencan Nasonaf Standans used to deermine me cleeseceson foslowed by a lecer and five 12gits.

The tener shaft be eeer a C or an E. The neeer C designess that the contared mesvity does not exceed the maximum weis
estanesned by ANSI. The asser E deogunos that me contuned acevrty excesos tne maximum levets un6sred by ANSI.

The hrst dpt shal be me ciese number which describes the perbrmance sandards for temperature.

The second dpt shall be the clans number wtucts desetbos the performance standards for examal pressure.

The thrd opt shal be me class number which osaanbos the portrmance standards for rnpact. j
i

The four1h digit shall be me c6 ass riumber whitti desences the portormance slandaros for vibraDon.
'

The ht:h dgtt shal be the ciana number whidt descnbos me performance standards for puncture.

(2) TABLE 1 PERFORMANCE STANDARDS: ;

CLASSTEST
1 1 2 3 4 5 I 6 i X

Tempersture No Test -40*C (20 min) MC (20 mm) MC (20 mm) 40*C (20 mm) -40*C (20 mm) Special

+40*C (th) +180'C (1h) +400"C (t h) and .400'C (1h) and +400*C (t h) and Test
mermal shock thermal shock mermal shock
400*C to 20'C 600*C e 20'C 900*C e 20"C

8 2 8 2Extemal No Test 25 kN/m abs. 25 kN/m . 25 kN/m p. 25 kN/m abg. 25 kN/m ,g . 3,,,,,g

Pressure (3.6 b m2 m 7 MN/m to 70 MN/m e 170 MN/m Test
8 8 2e atmosphere (200 b (1015 blan ) (10153 lbtin ) (24 656 bt/In )

abs. abs. abs. aba.

k
impact No Test 50 g (1.8 az) 200 g (7 oz) 2 kg (4.4 b) 5 kg (11 b) 20 he (44 b) Soecial

from 1 m (3.28 ft) trom 1 m tom 1m kom 1 m from 1 m Test
and tree drop ten
emos e a seed
surface from
1.5 m (4 92 ft)

Vibration No Test 30 mm 25 to 500 30 mm 25 to 50 90 mm 25 to 80 Not Used Not Used Soocial
Hz at 5 g peak Hz at 5 g peak Hz at 1.5 mm Test
amp. amo. and 50 to amp. peak to

90 Hz at 0.636 peak and 80 to
mm amp. peak to 2000 Hz at 20g
peak and 90 to
500 Hz at to g

Puncture No Test 1 g (15.4 gr) from 10 g (154 gr) 50 g (1.75 oz) 300 g (10.6 oz) 1 kg (2.2 b) Soocal
1 m (3.28 ft) from 1 m from 1 m from 1 m from 1 m Test

HIfN RDIONt 710NALINC.
447 March Road. P.O. Box 13500, Karsasa, Ossono. Canane K2K 1x8 Tel.:(613) 582-2790 Tekx:(053) 4162 Fax:(613) $924937 \
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Chapter One

Introduction

1-1 GENERAL

The Nordion MRR is a Gamma Ray Projector built to handle the most demanding
industrial radiography applications. Designed to fit pipes mere securely, the MRR is
rugged, reliable, easy to handle and can stand up to the toughest working conditions. The
Nordion C-990 is the Source Assembly used for MRD radiographic exposures.

1-2 REGULATORY REQUIREMENTS

The operation of this radiographic product is subject to regulations. Please check with your - I
- national and local authorities.

1-2-1 Packaging

i

This product meets USNRC, USDOT, AECB and IAEA regulations for Type B(U) packages.
No overpack is required.

I

1-2-2 Source Assembly (C-990)
I
i

Nordion C-990 source capsules meet IAEA requirements for Special Form radioactive

material (AECB Certificate No. CDN/0001/S). Replacement sources are normally shipped
to a licensed user in a Source Changer.

i1-2-3 Source Changer '

i
Source Changers must conform to IAEA Type B(U) requirer.ies.ts. See Chapter Six -Source '

Changer. 1

~ 1-3 OPERATOR'S RESPONSIBILITIES
i

The MAR and its peripheral equipment have been designed in accordance with various

O international standards and regulations. Full compliance with these standards requires -
operator cooperation.

93 Oct Chapter 1 Page 1 TITAN
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4 Operator's responsibilities include:

a) Obtaining and obeying local and national regulations. The TftM must be
operated by trained and licensed personnel. Records of training must be
maintained by the user.

b) Using safe practices and operating the unit in accordance with this manuat You
must read and fully understand this manual before operating the TIIM .

s

c) Inspecting and maintaining the unit according to this manual. Modifications to
the unit or its peripheral equipment are not permitted. See Chapter Five -
Maintenance.

d) Maintaining inspection and maintenance records.

e) Attaching an owner's label and a current source identification label Source
serial numbers and TITM serial numbers should be tracked.

,

f) Locking and safely storing the unit when it is not in use.

g) Safely securing the unit in transport away from the public and photographic -

materials. Transportation of the unit must be in accordance with this manual
and local / national regulations. See Chapter Four- Transportation and Storage.

h) Keeping emergency procedures and shipping papers in accessible and readily
visible areas in the transport vehicle.

,

,

i) Reporting incidents and accidents to the local competent authority.

O
V
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Chapter Two '

Descrietion
1

2-1 GENERAL

Described as the " light heavyweight', the Nordion MAR has an optimized shield design
within a lightweight titanium case. The MAR projector is curved to fit pipes more i

securely and its broad base provides greater stability. See Figure 2-1-Main Components of
Ihe Nordian TITAN.

i
GAMMA RAY PROJECTOR t

s .

'

/,

j.ef f| |

.

= *sse"ar
,

SOURCE GUIDETUBE\g jj e -.,

: ),

.~f0, 1 & | - -|

d ['$ f |J$j
.

* ''

i
;.-

lj>- ,

i DR!VE CONTROLS
\ 1

e' i

!

u

'd,

i

'I Figure 2-1
\ Main Components of the Nordion TITAN
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g-2 SPECIFICATIONS
isotope: - Ir-192

Half-Life: - 73.8 days

Carscity: - 120 Ci(4.44 TBq)

Shielding: - 30 lbs. (13.5 kg) depleted uranium metal

Projector: - All titanium

Length: 12.0 in. (305 mm)
Width: 6.75 in. (171 mm)
Height: 10.13 in. (257 mm)
Weight: 44.0 lbs. (20 kg) including shielding

Pistol Grip Controf: - Weight: 3.85 lbs. (1.75 kg)

Source Guide Tube: - Length: 7.0 to 21.0 ft. (2.1 m to 6.4 m)
Weight: 1.4 lbs. to 4.4 lbs. (0.65 kg to 2.0 kg)

Drive Controls - Length: 25 ft. (7.6 m)
Weight: 14 lbs. (6.4 kg) including Teleflex Cable
(manufactured by Teleflex Inc.), Cable Sheath,
and Bayonet Connector

(3
V Operating Specifications:- Standard Cable Sheath length on Drive Controls is

25 ft. (7.6 m)
Standard source can travel up to 21 ft. (6.4 m)

2-3 PERIPHERAL COMPONENTS

2-3-1 Drive Controls

The Drive Controls include a steel Teleflex Cable which is projected by a Pistol Grip Control.

A male connector on the Teleflex Cable attaches to the female connector on the Source
Assembly and moves within a flexible teflon lined Cable Sheath covered in yellow PVC.

A radiographic source within the TITRO is cannected to the Teleflex Cable and a Cable
Sheath is fitted to the Lock Assembly. When turned in a counter clockwise direction, the
Pistol Grip Control transfers the source out of the projector and through the Cable Sheath
to the exposure position. A clockwise rotation retracts the source back into the projector.
The TITAR recognizes the return of the Source Assembly, and automatically secures the
source in the stored (shielded) position.

O
V

Desenpton Chapter 2 - Page 2 93 Oct
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A 2-3 2 ' Source Guide Tube
V

The Source Guide Tube includes a protective ye110w PVC cover. It consists of up to three
7 ft. (2.1 m) lengths. Two lengths of the Intermediate Section connected together with a
Terminating Section provide a totallength of 21 ft. (6.4 m).

The Terminating Section has a Source Stop and must always be used to positively locate the
I source. The Source Stop avoids accidental ejection and also prevents debris from jamming

the source in an exposed position. See Figure 2-1-Main Components of the Nordion TITAN.
.

.

2-3-3 Source Assembly (C-990)

'

TheTIMIis designed to operate with a Nordion C-990 source. Iridium 192 is sealed within
the source capsule and crimped to a short length of Teleflex Cable. The opposite end of the
Source Assembly has a connector for positive attachment to the Drive Controls. See Figure

'

2-2-Source Assembly (C-990).

The Source Assembly meets IAEA requirements for Special Form radioactive material

(AECB Certificate CDN/0001/S).

M h | hl )""N(J

Figure 2-2
,

Source Assembly (C-990)

2-4 DEFINITIONS

This section defines components and tenns that appear in this guide. The component names
or terms, shown in bold, are followed by allemate names within [ square brackets]. All
Component Names are capitalized throughout the main body of the text. See Figure 2-1
-Main Components of the Nordion TITAN and Figute 3-1 -TITAN Cross-section. i

'
Actuator Pin:-A mechanical component inside the Selector Ring that holds the Selector
Ring in the ' OPERATE' position.

Bayonet End Cap:-Plugs the Entry Port when the Drive Controls are not connected to
the Gamma Ray Projector.

Cable Sheath: -A flexible stainless steel casing with a protective bright yellow PVC cover
that is used in the Source Guide Tube and in the Drive Controls.

Collimator:[ beam limiter]-A device used to limit the size, shape, and direction of the
primary radiation beam. It is attached to the Source Stop.

93 Oct Chapter 2 - Page 3 TITAN
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;q Drive Controls: [ controls, drive cable, control cable]-A manualdevice attached to the
(j Gamma Ray Projector that enables the Source Assembly to be exposed or retracted. It

consists of the following:

a) Teleflex Cable - 50 ft. (15.2 m) long and housed within the Cable Sheath,

b) Cable Sheath - two 25 ft. (7.6 m) lengths.

c) Dayonet Connector - affixed to the Cable Sheath, it is attached to the the
Projector using a push and twist motion.

d) Pistol Grip Control - a manual remote control device attached to the opposite
end of the Cable Sheath used to project and retract the Source Assembly to
perform an exposure.

Entry Port: -Where the Drive Controls are connected to the Gamma Ray Projector.

Exit Port: -Where the Source Guide Tube is connected to the Gamma Ray Projector and
where the source is projected from the exposure device.

Gamma Radiography System:-All components necessary to make radiographic
exposures, including the Gamma Ray Projector, Source Assembly, Drive Controls, and other
components associated with positioning the source such as the Source Guide Tube, Source
Stop, and Collimators.

Gamma Ray Projector: [ exposure device, gamma ray exposure device (GRED), pro-
jector] -A shielded device that permits the controlled projection of a sealed source for the

n purposes of radiography.

V
Interlock:-The Interlock is a mechanical connection between the Exit Port and the Selector
Ring. This feature of the TITRD recluires connecting the Source Guide Tube to the projector
oefore tne Slector Ring can be tumed to the ' OPERATE' position. See Figure 3-1-Tf7AN
"ross-section.

Lock Assembly:-Anassemblyconsistingof theSelectorRing,aninnerplateassemblyand
an outer plate assembly. See Figure S-1-Exploded View ofLock Assembly. The Lock Assembly

'

secures the Source Assembly when in the " store" position.

Locking Pin:-A small pin on the side of the Source End Connector that is used to push
down the Source Assembly's spring loaded locking collar to pennit connection of the female
Source Assembly Connector to the male Teleflex Cable connector.

Push Button Lock:[ lock]-A lock that, when engaged, prevents the rotation of the
Selector Ring.

Radiation Safety Officer:-The person selected to be responsible for radiation safetyin an
organization. Also called by other names such as " Radiation Protection Officer" and
" Radiation Safety Manager."

Selector Ring: -Two-positions: ' LOCK' and ' OPERATE'. While in the ' LOCK' position,
the source is secured in the shielded position within the projector. When in the ' OPERATE' .l
position the source may be projected from the shield. i

Source Assembly:[ pigtail, source]-A component that includes a small capsule
K containing iridium 192, and a connector that attaches to the drive cable. The connector and ;

'

capsule are crimped onto a short length of cable.

i

Descnotion Chapter 2 - Page 4 93 Oct
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V .

>

*

Jr ) . )
LOCKING PIN

Figure 2-3
'

Source End Connector

Source Changer:-Used to transport new sources to the customers and retum old sources -
to Nordion.

Source End Connector:-The female connector at the end of the Source Assembly that ,

mates with the male connector on the Teleflex Cable (See Locking Pin). Refer to Figure
2-3-Source End Connector.

Source Guide Tube: [ projection sheath)-A flexible tube for guiding the sealed source
from the Gamma Ray Projector to the Source Stop. It may be up to 21 feet long consisting of .

(Q the following sections:
J

a) Terminating Section: (7 ft. long)- section to which the Source Stop is attached.

b) Intermediate Section: (7 ft. long) - used between the TITfH1 and the
terminating section.

Source Guide Tube Er. . Cap: -Plugs the Exit Port when the Source Guide Tube is not
connected to the Gamma Ray Projector.

Source Stop: [end stop, exposure head)-Locates the scaled source at the desired focal
position. It is attached permanently to the Terminating Section of the Source Guide Tube.

|

i

l
!

|

v
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Chapter Three
:

'

Oseration
;

.

3-1 GENERAL

The portability and light weight of the TITRD makes operation easy. Nordion's Ganuna
Ray Projector is shielded and-self-contained. This unit uses a C-990 source for the
radiographic inspection of steel and light alloy sections. t

The TITRQ 's titanium case contains a radiation shield of depleted uranitun. Through
,

computer analysis all excess we2ght has been removed to form a fully optimized radiation -
shield. '

,
- 3-1-1 Component Overview

The TITRD , as shown in Figure 3-1-TITAN Cross-section, consists of the following:

JEbSa"Mo$' Sg^?"#CS " '" ' * * ' " * ^ ' '
e .-' " ' ^ " jog,EgE ____;_____

,

| YYYYY!!!hYhY!,...

{ '| PROJECTION ACTUATOR t
* I SHEATH g PUSH BUTTON

M
'

- INTERLOCK \r \ . .tL---.

OBE( "'g l S $ R W D 9 3 9 3 W 3 % '

>

'

: j .;>

| hl CD1 m hv _. ;

'

'" '
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^

!
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.
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g% i ~ =.i
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) ,;
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Figure 3-1 ;
TITAN Cross-se dion ;
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an S-tube, cast within a depleted uranium shield, i
.

1

a Lock Assembly, including the Selector Ring- .

a Push Button lock -).

a C-990 sealed Source Assembly,e

a port for the attachment of a Source Guide Tube,e

a port for the attachment of a Drive Control.e

Entry & Exit Ports---TheEntryPortandExitPortateitherendof theS-tubearesealedusing
end caps. A Bayonet Connector attaches the Drive Controls at the Entry Port and a threaded '

connector fastens the Source Guide Tube at the Exit Port. :
|

End Caps-Each Port has a mating End Cap that is stored on the case when the unit is in ;

use.
,

t

3-2 OPERATING PRINCIPLES i

!
!

'

3-2-1 Overview

At the start of an exposure cycle, the C-990 is secured in the centre of the S-tube, the Selector

Ring is in the ' LOCK' position, the Bayonet and Source Guide Tube End Caps are installed,
and the Push Button Lock is pushed in with its key removed. This is termed ' Transportation

. Mode" and in this configuration all requirements for the transport of radioactive materials
are satisfied. ,

iIn Transporta tion Mode,it is impossible to remove the Bayonet End Cap. It is also impossible

to turn the Selector Ring into the ' OPERATE' position.

To perform an exposure, the radiographer unlocks the Push Button Lock.This allows the
Bayonet End Cap to be removed from the Selector Ring and allows access to the C-990 Source i

End Connector. The Teleflex Cable is then connected to the C-990 Source Assembly, and the '

Drive Controls are attached to the Lock Assembly. At this point, the Teleflex Cable and the
Source Assembly are fully connected. However, the Interlock prevents the Selector Ring '

from moving into the ' OPERATE' position. The Source Guide Tube End Cap is then .;
remos ed. Attaching the Source Guide Tube releases the Interlock and allows the Selector ;

Ring to be turned counterclockwise into the ' OPERATE' position. The motion is resisted by j
isprings that bias the Selector Ring toward its ' LOCK' position. Once the Selector Ring has -

'Ibeen rotated into the ' OPERATE' position, an Actuator Pin prevents the spring from -
returning the Selector Ring to ' LOCK. '

,

In the ' OPERATE' position, the Source Assembly is free to exit from the shield. The
radiographer then uses the Drive Controls to project the source to the exposure site.

,

Once the exposure has been completed, the C-990 Source Assembly is retracted into the
shield. As it approaches the ' LOCK' position, its locking ball engages an actuator. The
Actuator Pin becomes disengaged and allows the Selector Ring to spring back into the -

.

' LOCK' position. This action automatically secures the Source Assembly in the depleted
uranium shid.i.

!
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(" If additional exposures are planned, the Selector Ring is tumed back to the ' OPERATE'
position and the cycle repeats. Otherwise, the Drive Controls and Source Guid.e Tube are
removed from the unit, the appropriate End Caps are fastene ' to the Entry and Exit Ports,
and the Push Button Lock is pressed in. This retums the unit to Transportation Mode. >

The safety features built into the TITRll require that to expose the source, you must:

unlock the Push Button Lock.

securely connect the Teleflex Cable to the Source End Connector.

attach the Source Guide Tube (s),e

attach the Drive Controls,e

tum the Selector Ring to the ' OPERATE' position.e
,

|

3-3 SITE SAFETY PRECAUTIONS -

,

Only perform radiography in a restricted area where boundaries are clearly defined. Place ,

appropriate radiation waming signs and physically see the area against unauthorized
entry. The radioactive source emits Hgh levels of radiation and therefore it is a good practice

to operate the system from as great a distance as possible.

+

Operation Distance Calculation -To calculate the minimum distance for operation, use
the inverse square law: that is, double the distance results in quarter fhe level of radiation.

:O 3-3-1 Personnel Precautions

-|
WARNING: All personnel shall wear a Thermal i

Luminescent Dosimeter (TLD) and shall carry a radiation j
survey meter capable of measuring dose rates of 0.02 ;

mSv/h (2 mrem /h) to 100 mSv/h (10 rem /h) . .j

in some countries, including Canada and the United States, regulations require a direct -
reading dosimeter to be wom in addition to the TLD. Some countries also recommend an
audible " beeper" pocket alarm. Check with your local authorities.

CAUTION: Food and drink should not be perrai"ed in the
vicinity during the operation of the projector.

3-4 OPERATING PROCEDURES

3-4-1 Inspection

A daily inspection and the required mainte. ancc procedures must be completed prior to
using the TITRll . Refer to Chapter Five.

C 1

i

-)
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Figure 3-2

Removing the Bayonet End Cap

WARNING: Proper operating procedures and regular
inspection and maintenance will ensure that the TITRH2

operates safely.

3-4-2 Source Guide Tube Layout

1. Secure the Source Stop of the Terminating Section at the radiographic focal
; position. Use of a collimator is recommended.

2. Determine the position of the TITRO and lay out the Source Guide Tube as
straight as possible. Avoid bend radiiless than about half a meter (20 inches) to
prevent restricting the source movements. Do not connect the Source Guide
Tube to the TITRR at this stage.

.

CAUTION: Ensure that the Source Guide Tube does not
contact any surface at a temperature greater than 60 C

; (140 F).

CAUTION: Position the projector and peripherals in a
manner that minimizes the risk of accidental damage
caused by crushing or by falling objects (vehicles or
closing doors).

WARNING: Ensure that the "available length" of the
, - Teleflex Cable on the Drive Controls is greater than the

totallength of the Source Guide Tube. If the Teleflex Cable
is shorter than the Source Guide Tube, the source cannotO be projected all the way to the Source Stop ar d correctly
placed for exposure.

Operabon Chapter 3 - Page 4 93 Oct
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3-4-3 Connecting The Drive Controls
1

3. Unlock the Push Button Lock with the key.

4. Turn the Bayonet End Cap counterclockwise to remove it. See Figure
3-2-Removing the Bayonet End Cap.

5. Secure the Bayonet End Cap in its storage position on the front of the TIERD
just below the handle.

6. Crank the Pistol Grip Control and expose the male portion of the Teleflex Cable
(the ball-end of the cable).

7. Locate the TITRD 's Source End Connector and press back the spring-loaded
Locking Pin with a thumb nail. See Figure 3-3--Engaging the Source End

; Connector.

8. Engage the male and female portions of the swivel coupling. Ensure that the |
spring loaded Locking Pin returns to its original position and the connection is
secure.

9. Insert the Bayonet Connector and rotate it clockwise 90 degrees. The Drive
Controls are now coupled to the projector. It should engage freely. If any force I

is required, then a correct connection has not been made. See Figure .
3-4-Connecting the Bayonet Connector.

WARNING: Difficulty in attaching the Bayonet Connector,
may indicate that a proper source connection has not been
made or that the Selector Fiag requires maintenance.

. Investigate and take appropriate action before proceeding
'.

further.
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Engaging the Source End Connector I
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Store End Caps on the TITAN
,
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Connecting Source Guide Tube
'

10. Keep the Selector Ring in the ' LOCK' position until you are ready to start the
exposure.

3-4-4 Performing a Radiographic Exposure

11. Unfasten the Source Guide Tube End Cap from the projector and installit in the
storage receptacle. See Figure 3-5-$ fore End Caps on fhe TITAN.

;

WARNING: Once the Source Guide Tube End Cap is
removed, higher radiation fields will come out the Exit
Port. DO NOT come into the path of the radiation beam

p emitted from the pen Exit Port.
]
'

12. Connect the Source Guide Tube securely. See Figure 34-Connecting Source
,

Guide Tube.

13. Check the surface of the projector with the area radiation survey meter. This is
a precaution only to ensure that the meter responds to radiation. Record the
radiation levels for later verification that the source is in the shielded position
after exposure.

14. Verify that the Intermediate and Terminating Sections are correctly connected.

15. Ensure that no unauthorized personnel are inside the Restricted Area or,

Exposure Room. Make sure that waming signs are posted.

16. Rotate the Selector Ring counterclockwise to the ' OPERATE' position. When
1

the indicator poirns to ' LOCK', the Source Assembly is secured in the shielded iO position. When the Indicator points to ' OPERATE', the Source Assembly is free;

to travel.

) *3 Oct Chapter 3 - Page 7 TITAN,
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NOTE: Excessive tension in the Teleflex Cable (for
example, the PistolGrip Controlis snagged) mayprevent
the Selector Ring from remaining in the ' OPERATE'
position. .

17. Position yourself at the Drive Controls and verify that all personnel have left
the restricted area.

18. Rapidly rotate the Pistol Grip Control in the ' EXPOSE' direction
(counterclockwise) to transfer the source out of the MM and into the
radiographic focal position. There will be some resistance when the source
reaches its stop. DO NOT USE EXCESSIVE FORCE.

19. Set the brake to 'ON', at the Pistol Grip Control, to prevent any movement of
the source during exposure.

3-4-5 Exposure

The measured exposure time starts from the moment the source reaches the stop.

Survey meter readings observed during the projection operation will significantly increase
from background to a high level as the source leaves theMM. Readings will fall as the
source moves into the collimator (if used) and remain steady throughout the exposure.
Actual survey meter readings will depend on the source activity, distance, collimators,

p shielding and backscatter (building materials, especially steel, will generate significant
' amounts of scatter).

20. Observe the readings during the sequence of changes. Use the sun ey meter to
check the boundary dose rate, but spend as little time as possible in the restricted
area to minimize personal exposure.

21. At the end of the exposure time, set the brake to 'OFF' and rapidly rum the crank
on the Pistol Grip Control in the ' RETRACT' (clockwise) direction until the
aank comes to a stop. Check that the Selector Ring has retumed to the ' LOCK'
position by turning the hand crank counterclockwise. If the Source Assembly
cannot be moved, the Selector Ring should be in the ' LOCK' position.

22. Set the brake to 'ON'.

WARNING: Always check radiation fields as you
approach the MM. This is the primary means of
checking that the source is safely stored.

21 Sun ey the unit. Radiation fields should be the same as they were at the start
of the exposure. Pay special attention to the fields at the Exit Port.

WARNING: If the source is still exposed, attempt to store
it properiy by cranking it a short distance out into the
Source Guide Tube and retracting it. If it cannot be sic 3d

- after a few attempts, treat the situation as an
'

.\ EMERGENCY. See 7-2-EmergencyProcedures.

Operation Chapter 3 - Page 8 93 Oct
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/~3 3-4-6 Preparing for Storage or Transport
U

The following procedure shall be completed every time the TITAR is to be moved.
4

24. Unfasten the Source Guide Tube and replace it with the Source Guide Tube End
Cap. >

25, Replace the plastic caps or fasten both open ends of the Source Guide Tube .

together to form a closed loop.
'

26. Remove the Bayonet Connector.

27. Disengage the Source Assembly from the Teleflex Cable.

28. Replace the Bayonet End Cap in the Entry Port. ;

29. Press in the Push Button Lock.

WARNING: The TITRR should always be locked when
not under direct surveillance of a licensed radiographer or
assistant.

30. Check the entire surface of the TITARwith a survey meter. When loaded with
120 Ci of Ir-192 in a C-990, the radiation field should not exceed 200 mrem /h
on contact with the unit,50 nuem/h 50 mm (2 inches) from the surface and 2
mrem /h one metre (39.4 inches) from the surface.

O. WARNING: If the radiation fields exceed the above lirnits, i
treat the situation as an EMERGENCY. Do not proceed -|
further unless the cause of the high field h:Is been
determined and corceeted.

31. If the TITAR is to be stored or transported, install a wire seal between the
Source Guide Tube End Cap and one of the four holes provided on the front of ,

the unit. ]

|

-]
|

l

i

i

O
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Chapter Four ;

Transeortation and Storas'e |

4-1 REGULAT!ONS

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods
(TDG) Regulations and the Transport Packaging of Radioactive Materials Regulations,
SOR/83-740, including all amendments. >

United States-In the United States, the transport of Radiography Projectors and Source
Changers is governed by 10 CFR Part 71, and 49 CFR Parts 171 through 179.

International-IAEA Safety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials intemationally.

4-2 RECEIVING GAMMA PROJECTORS AND SOURCE CHANGERS

When shipping a radioactive package, the consignee must make arrangements for receiving

prior to shipment. Upon notification of arrival, the package shallbe promptly picked up at
the carrier's terminal. ;

1. Upon receipt of the TITRR, measure the radiation fields at the surface of the
package and at 1 meter. These should not exceed 2 mSv /h (200 mrem /h) at the
surface and 20 Sv/h (2 mrem /h) at 1 meter. |

WARNING: If the package has been damaged and the
fields exceed these limits, treat the situation as an
EMERGENCY. Isolate and secure the package in a s

restricted area. Contact the appropriate authorities and ;

your Radiation Safety Officer. See 7-2-Emergency i

Procedures.

2. Inspect the TITRR for damage. Check the condition of the wire seal.

WARNING: If the package has been tampered with or 3

damaged, contact your Radiation Safety Of ficer for further |

instructions. Do not proceed further unless authorized to
,

do so. j
.-

3. Record the radiation levels in the receiving report. Enter the isotope (iridium
192), activity, source model number and serial number. :

i

33 oct . chapter 4 Page 1 TITAN
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g-3 STORAGE / TRANSPORT

When preparing the MAD for storage or transport, ensure that:
,

the Selector Ring is in the ' LOCK' position;e

the Bayonet End Cap is installed and the Push Button Lock is engaged;.

the Source Guide Tube End Cap is installed.=

CAUTION: the End Cips on the MRD Gamma Ray
Projector provide additional radiation shielding. Always
install the End Caps when the projector is not in use.

the plastic dust caps on the Drive Controls and Source Guide Tube fittings are.

installed.

NOTE: The ends of Intermediato Sections of the Source
Guide Tube can be threaded together rather than using
the dust caps.

When not in use for extended periods, store the MRD Gamma Ray Projector in a.

dry, clean and wcure area. Lock and secure the storage area to prevent unauthorized
entry.

The door to the storage area must have a waming label with the trefoil symbol(7 =

indicating the presence of radioactive material. The radiation levels at the outside\

wall of the radioactive materials storage area must be within the limits permitted for
the general public.

4-4 SHIPPING

Prior to transport, ensure that the unit has been properly prepared for transport. Refer to
section 3-44 for additional instructions.

WARNING: Never ship a unit that has been tampered with
or damaged.

TheMRO Gamma Ray Projector is licensed as a Type B(U) transport package and needs

no overpack. The level of removable contamination must not exceed 4 Bq (0.0001 Ci) per
22 averaged over an area of 300 cm ,cm

Two completed category labels must be added to opposite sides of the MRD. The
radicactiveisotope(w21r), the activity in bequerels (Bq) or curies (Ci) and the transport index
(TI) must be recorded on the label To determine the transport index, the maximum radiation
level in mrem /h is measured at a distance of 1 meter. For example, a package with a
maximum field of 17 p Sv/h (1.7 mrem /h) at 1 meter would have a TI of 1.7.

( Guidance on the completion of the category labels can be found in Table 4-1.

Transportation and Storage Chapter 4 Page 2 93 Oct
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-O Do not cover or remove any of the permanently affixed plates on the device, as this would

violate shipping regulations by obscuring important information.:

Reier to Figure 4-1-Radioactive Material Category bibels.

WARNING: DO NOT ship the package if the dose rates
.

- exceed 2 mSv/h (200 mrem /h) at its surface or 20 Sv/h
'

(2 mrom/h) at 1 metre from any surface. If radiation fields
exceed these limits, treat the situation as an
EMERGENCY. Do not proceed further until the cause of -
the high radiation field has been determined and
corrected.

Table 4-1
Package Label Requirements

Label Radiation Level TransportIndex ,

at External Surface (T.I.)'
of Package ,

i

RADIOACTIVEI(WHITE) Not more than 0.005 mSv/ h (s 0.5 mrem / h) o
i

RADIOACTIVEII(YELLOW) More than 0.005 mSv/h ( 0.5 mrem / h) More than 0
But not more than 0.5 mSv/ h ( 50 mrcm / h) But not more than 1

RADIOACTIVElil(YELLOW) More than 0.5 mSv/ h ( 50 mrem /h)
.

But not na than 10
More than 1 L i

'
But not more than 2 mSv/ h ( 200 mrem /h)

T.I. - Radiation level in microsieverts per hour at 1 metre from the extemal surface of the package divided by 10. jI

(This is equivalent to the radiation level in mrem /h at 1 metre from the extemal surface of the package.) |

'|

|

|

4.4 4.4 4.4. u

a e a
RADIDACTIVE I RADIDACTIVE II. RADIDACTIVE III

""'' ' w:. , .. ..:s a"** 7 W ::::. _.C A"T"" ;%... . . .

man agum unnwwax )
:. i

'

7 T 7-
.. ;

Figure 4-1

- Radioactive Material Category Labels

93 Oct Chapter 4 - Page 3 ' TITAN

, ,,



~

IS/OM 0090 N990 (REV B) User's Manual

| f-
- TheTITRR shall be securely stowed in the transport vehicle and shall not be carried in

i passenger compartments. Acceptable means of securing the unit include passing straps
between the handle and the main body and fastening the straps to dedicated fittings. Use of

a securely mounted box or drum is preferred.

A radiation survey must be completed prior to transport.

The TITRRmay only be shipped if:
|

.
1) Radiation dose rates to caupants are less than 20 Sv/h (2 mrem /h) ,

| 2) Radiation levels from the extemal surface of the vehicle are less than 2 mSv/h
'

(200 mrem /h)

3) Radiation levels at 2 metres from any point on the extemal surface oi the vehicle
!- are less than 0.1 mSv/h (10 mrem /h).

t

4) The sum of transport indexes from all packages on the vehicle is less than 50 if
the shipment is not under Exclusive Use. (The sum of the transport indexes must ,

be less than 100 for Exclusive Use shipments.)
,

;

WARNING: Transport Regulations do not allow persons
other than the driver and assistants to be in vehicles
containing packages bearing Category II - Yellow or

,

Category 111 - Yellow labels.

O 4-4-, eregerias sniggias oocumeate :

!

Prepare the shipping documents and include them with each shipment.The shipping papers <

must include:

a) The information " RADIOACTIVE M.ATERIAL, SPECIAL FORM, N.O.S., ,

UN2974", |

b) The United Nations Class Number "7". -|

c) The name and symbol of the radionuclide,"192 ".1r

192d) The maximum activity of the 1r during transport expressed in units of |

| Terabecquemis (TBq) or curies (Ci). |
e) The category of the package (i.e.1-white, II-yellow,III-yellow).

.

-!

f) TheTransportIndex(TI).

g) USNRC Certificate of Compliance No. USA /XXXX/B(U) and Canadian AECB
Approval Certificate No. CDN/1038/B(U)-65 and Special Form Certificate of
Approval No. CDN/0001/S.

h) The Shipper's declaration:

"I hereby declare that the contents of this consignment are fully and accurately
described above by proper shipping name and are classified, packed, marked
and labelled, and are in all respects in proper condition for transport by (air,r

f sea, road, and rail) according to the applicable intemational and national
|=' govemmental standards."

L
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In the United States use the following declaratiorur).!
b- "This is to certify that the above named materials are properly classified,

described, packaged, marked and labelled and are in proper condition for
transportation according to the applicable regulations of THE DEPARTMENT
OF TRANSPORTATION."

i) The shipper must sign and date the declaration. The declaration and signature
must appear on the same page that contains the particulars of consignment :

listed above.
:

WARNING: It is the consignor's responsibility to ensure
that the TITRQ is prepared for shipment in accordance
with all pertinent regulations and this manual. It is the
carrier's responsibility to placard the transport vehicle in
accordance with these same regulations.

|
'

4-4-2 Handling

The TITRQ is a portable device designed to be carried by one person. When moving the

! Ganuna Ray Projector, remove the Drive Controls and Source Guide Tube, and replace the

end caps.

Care must be exercised at all times to minimize radiation exposure. For example, no person

i . should sit on the projector or loiter nearby. Personal dosimeters should be worn at all times.
I Only trained personnel should handle the equipment.

4-4-3 Placards

Canada

Canadian regulations require placards to be applied to all four sides of the vehicle whenever

radioactive materials are shipped. For radioactive Category I or II shipments,
non-retron:flective 250 mm x 250 mm placards must be used. For radioactive Category III
shipments, the placards must be retroreflective. We recommend that you carry spare
placards in case one is lost during transport.

WARNING: Regardless of which placard is used, it must
be removed upon. entry to the USA and, if necessary,
replaced with appropriate placards conforming to USA
regulations (see below).

United States

In the United States, vehicles are only placarded when radioactive Category III Shipments
are made. The placards are non-retroreflective, and contain the word " RADIOACTIVE."
They must be attached to all four sides of the transport vehicle.

.
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f- .

Rest of the World
;

,
'

Refer to IAEA Safety Series No. 6,1985 Edition (As Amended 1990) and applicable national

or local standards for placarding requirements for other countries.

4-4-4 Shipping an Empty TITAN

in order to safely transport the MM as an empty package, the spent source must be
stored within a Source Changer and replaced with a dummy source assembly. In addition,

each step of section 3-4-6 and the followmg must be completed:

1) Check the external surfaces of the MM for contami: ah, t The level of
2removeable contamination must not exceed 4 Bq (0.0001 p C., ,r cm , averaged

over an area of 300 cm'.

2) Perform a radiation survey around the unit.

3) IfIhe maximum radioactivefield on contact is less ihan 5 p SvAt (01 mremAt) and ihere
is no measurablefield 1 metrefrom the package then label the package with the
proper shipping name (Radioactive Material, articles maaufactured from
depleted. uranium, UN 2909) and with the words:

" Exempt from specification, packaging, shipping paper and certification,
marking and labeling and exempt from the requirements of Parts 171-178 per
49 CFR 173.421-1 and 49 CFR 173.424."

Include a notice containing the name of the consignee with the shipping
\ documents. The notice should include the statement:

"This package conbrms to the conditions and limitations specihed in 49 CFR ;

173.424 for excepted radioactive materials, articles manufactured from depleted y

uranium, UN 2909."

4) If the maximum radiationpeld on contact exceeds 5 p Suas (0.5 mrem /h) , attach the |
| appropriate radioactive category label (see Table 4-1). Label the package with the |

proper shipping name (Radioactive Material, LSA, n.o.s, UN 2912) and
complete the shipping papers in accordance with section 4-4-1.

1
-1

-

O
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Chapter Five

L Maintenance

5-1 MAINTENANCE REQUIREMENTS

The TITRll is designed to operate with little maintenance. However, periodic inspections ~
an. , equired to ensure that the equipment is in proper operating condition. These inspections
range from simple daily examination to more detailed inspections and procedures to be
completed at every source change. An annual maintenance procedure must 'also be
completed once per year, or more frequently if the unit has been used under severe operating
conditions. A recommended rnaintenance schedule is provided in Table 5.1.

All inspections should be recorded in a dedicated log book. Any component that fails an
inspection shall be repaired or replaced before the unit is returned to service.-

WARNING: Inspect all equipment prior to use. Failure to
remove damaged equipment from service may result in
serious injury or death.

Maintenance shall be completed by trained and qualified personnel. All replacement-
components shall conform to Nordion Specifications. We recommend maintenance by an
authorized service depot. Contact Nordion International Customer Service for the depot .;

nearest you. |

5-2 DAILY INSPECTION
!

The following items must be checked daily to ensure safe operation.

'5-2-1 Gamma Ray Projector y

s,

a) Check that the unit, the Drive Controls and the Source Guide Tube have
completed a quarterly inspection within the last three months and an annual

,

inspection within the past year. If the unit is due for one of these inspections,
complete the daily inspection procedure and refer to the appropriate section 1

below,

o ,

!
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X' b) Perform a routine radiation survey around the TITHl1 projector. The survey

.(J should be completed with the Source Guide Tube End Cap and Bayonet End
Cap installed. When loaded with 120 Ci of iridium 192 in a C-990, the radiation
field on contact with the surface shall not exceed 200 mrem /h on contact,50
mrem /h 50 mm (2 inches) from the surface, and 2 mrem /h one metre (39.4
inches) from the surface.

WARNING: If radiation fields exceed the above limits,
treat the situation as an EMERGENCY. Do not proceed
further until the cause of the high field has been
determined and corrected.

!
c) Wipe test the extemal surface of the TITAN. The method used shall be capable

2 2
of detecting any contamination in excess of 4 Bq/cm (0.0001 p Ci/cm ).

.

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 Ci/cm ) shall be quarantined and the -

cause of the contamination determined. Contact your
Radiation Safety Officer for additional instructions. Do not ,

proceed further unless authorized to do so.
.

d) Visually examine the extemal surface of the unit. Verify that all waming and
identification labels are legible and securely attached and that there is no
damage to the titanium shell.

]*. e) Verify that the Bayonet End Cap cannot be removed from the unit while the
Push Button Lock is in its locked position,

f) Check the operation of the Push Button Lock. It should lock and unlock freely. |

g) Check that the handle is secure. ,

h) Check the threads on the end cap storage tube for damage. Clean if necessary.

NOTE: The following steps should be completed during
your first exposure cycle. Refer to Chapter Three for
Operating Procedures,

i) Remove and examine the Source Guide Tube End Cap. Check the condition of
the threads and ensure that the lead insert and teleflex plug are secure within -;
it,

j) Check the operation of the Bayonet Connector. It should freely engage with the
Lock Assembly.

k) Check the operation of the Selector Ring. Ensure that it turns freely into the
' OPERATE' position and that it retums to the ' LOCK' position at the end of the j

first exposure. Difficulty in tuming the Selector Ring into the 'OPFRATE'
position indicates that some obstruction is present. Refer to 5-4 Annual
Maintenance.

!

!
!

)
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5-2-2 Drive Controls<

(
.. %

a) Examine the Cable Sheaths for cuts, dents and broken or loose fittings. Damage
to the stainless steel tube requires the Cable Sheaths be removed from service.
Damage to the yellow PVC casing may be repaired using water resistant vinyl ,

tape.

I b) Verify that the plastic end caps on the Control Cable and Source Guide Tube ,

are present and in good condition. Replace as necessary.

c) Nordion recommends daily examination of the male connector on the Teleflex
,

Cable using a GO-NO GO gauge. Refer to Nordion Inspection Procedure IS/OP !
'

(XM6 C000. (See Appendix B.)

d) Check the Pistol Grip Control for damage or loose components. Check the
operation of the brake. With the brake in the 'OFF' position, ensure the crank' ;

rotates smoothly..
.

5-2-3 Source Guide Tube

a) Examine the Intermediate and Terminating Sections for cuts, dents and broken - ,

or loose fittings. Remove the Source Guide Tubes from service if the stainless
steel tubes are damaged. Damage to the yellow PVC casing may be repaired
using water resistant vinyl tape.

O b) Verify that the plastic end caps are present and in good condition. Replace as
necessary...

c) Examine each section of the Source Guide Tube for obstructions. Check the
condition of the threads. Clean or repair as necessary. )

5-3 QUARTERLY INSPECTION !

i

'|
A quarterly inspection shall be completed at every source change, or once every three j
months, whichever comes first. It includes a daily inspection plus the following procedures, j

.' I

WARNING: The following procedures shall only be j

completed with the C-990 Source Assembly safely stored J
within a Source Changer. Source transfers should only be i

1completed by trained and licensed personnel.

1

5-3-1 Source Transfer Procedure ;
.. !

Refer to Chapter Six and your Source Changer's User's Instructions for procedures to safely =
transfer and store an active Source Assembly. Use a survey meter to check that the Source

Assembly has been safely stored.

Once the active Source Assembly is safely stored in the Source Changer, disconnect it from .

. 3 the Teleflex Cable and replace it with a dummy source assembly. (Dummy Source . |
Assemblies can be obtained from Nordion.) !

93 Oct Chapter 5 - Page 3 TITAN
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; 5-3-2 Gamma Ray Projector

a) Retract the dummy source asse.mbly into the MM . Vexify that the Selector
Ring returns to the ' LOCK' position.

b) Disconnect the source transfer hose L 'm the MM . Test the function of the
Interlock. It should NOT be possible to rott'a the Selector Ring into the
' OPERATE' position.

c) Install the terminating section of the Source Guide Tube,

d) Remove the Bayonet Connector and disconnect the dummy Source Assembly
from the Teleflex Cable. Reinstall the Bayonet End Cap and verify that the
Selector Ring CANNOT be tumed into the ' OPERATE' position. .

e) Remove the Bayonet End Cap. Without connecting the dummy Source
Assembly to the Teleflex Cable, try to install the Bayonet Connector. Verify that
interference between the unconnected Source Assembly and the male connector
prevents the Bayonet Connector from being installed.

WARNING: Do not force the Bayonet Connector into the
Lock Assembly as this may damage the malo connector.

f) Connect the dummy Source Assembly to the Teleflex Cable and install the
Bayonet Connector. Tum the Selector Ring into the ' OPERATE' position. Verify.
that the Bayonet Connector CANNOT be removed from the Lock Assembly,

g) Perform ten test exposures using the dummy Source Assembly. Verify that the
Selector Ring snaps cleanly back into the ' LOCK' position at the end of each
exposure cycle.

h) Remove Source Guide Tube and perform a swipe test on the S-tube using a pipe
cleaner. The test method used should be able to detect any contamination in

2 2excess of 4 Bq/cm (0.0001 p Ci/cm ),

WARNING: Any projector contaminated in excess of
2 24 Bq/cm (0.0001 Ci/cm ) shall be quarantined and the

cause of the contamination determined. Contact your
Radiation Safuty Officer for additional instructions. Do not
proceed any .auher unless authorized to do so.

5-3-3 Source Assembly

Return to the Source Changer and inspect the exposed end of the Source Assembly for wear

or other damage. Use a GO-NO GO gauge in accordance with Nordion Procedure IS/OP
0046 C000 (See Appendix B). This test shall be completed on the Source Assembly that will

be installed in the MM .

WARNING: Any Source Assembly failing this test shall not
be used. Use of a damaged Source Assembly could result
in serious injury or death.

Maintenance Chapter 5 - Page 4 93 Oct -
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5-3-4 Drive Controls and Source Guide Tubeo,3

U
a) Return the dummy Source Assembly to the TITRR projector and remove the

Bayonet Connector.

b) Disconnect the Teleflex Cable from the Source Assembly. Clean and examine
the male connector using a GO-NO GO gauge. Refer to Nordion Procedure
IS/OP 0046 C000(Appendix B).

5-4 ANNUAL MAINTENANCE

Annual maintenance shall only be completed by trained personnel and requires the
purchase of a TITRQ Maintenance Kit. The contents of the kit include an approved

lubricant, a thread sealant, nine replacement springs, two spring pins and three replacement

cover caps.

WARNING: The following procedure shall only be
completed with the C-990 Source Assembly safely stored
within a Source Changer. Source transfers shall only be
completed by trained and licensed personnel.

5-4-1 Source Transfer Procedure

Refer to Chapter Six and your Source Changer's User's Instructions for procedures to safely-n() transfer and store an active Source Assembly. Check that the source has been properly stored

using a survey meter.

Once the active Source Assembly is safely stored in the Source Changer, disconnect it from

the Teleflex Cable and replace it with a dummy Source Assembly.

5-4-2 Gamma Ray Projector

Annualinspection consists of the complete breakdown, cleaning and lubrication of the Lock
Assembly. It also includes the replacement of several springs within the Lock Assembly.

An exploded view of the Lock Assembly is provided in Figure 5-1.The Lock Assembly has
three main components, the Selector Ring, the Outer Plate Subassembly and the Inner Plate

Subassembly.

The Outer Plate Subassembly consists of several pins and springs all retained by a Cover
Plate. It also includes the Push Button Lock. The Cover Plate is attached using four

0.112(#4)-40 UNC flat head screws.

The Inner Plate Subassembly includes the Actuator Block, the Actuator and the Actuator
Spring. These are secured to the Inner Plate by two 0.190(#10)-32 UNF cap screws.There are
also three compression springs loosely held within slots in the Inner Plate.

'

The Selector Ring includes an Actuator Pin and an Interlock Pin. The Actuator Pin is longer .
than the Interlock Pin and both pins include springs that fit into the Outer Plate

>
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f] Subassembly. The underside of the Selector Ring includes threenubs that compress springs

'Q when the Selector Ring is rotated into the ' OPERATE' position. :

i

CAUTION: Wear Safety glasses during this procedure.
Handle all Springs with Caution as they may fly Out of the
lock assembly.

a) Use the parts list provided with your maintenance kit to check that you have
all the components required to complete the annual maintenance procedure.

b) Retract the dummy Source Assembly into the projector, Verify that the Selector
Ring has returned to the ' LOCK' position.

c) Drill out the three screw caps from the Outer Plate of the Lock Assembly.
Removing these caps allows access to the three 0.25-20 UNC socket head cap
screws that hold the lock assembly to the TITAR .

a) Remove the three socket head cap screws. Remove the complete Lock
Assembly Disassemble it slowly, taking care not to lose any pins or springs.

NOTE: It is easier to remove the complete Lock Assembly
from the TitRR prior to disassembling the Lock
Assembly,

e) Check for cracks or other such damage to the epoxy foam.

INNER PLATE SUBASSEMBLY% ''% '
'

4 [p . -
,-

%- Piv0T PIN % '

0 N N>

ACTUATO LO Q) ERLOCK PIN

ACWAM ! '0 4 PIN SPRING
ACTUATOR SPRING ? '

..

OUTER PLATE SUBASSEMBLY

/ - R '-
''N / LOCK PIN

''s 4 ,-

s' N / AND TWO4 '

s
/ h 4'd *

'[ LOCKING BAR j' SPRINGS
NE, LOCK PIN

% % '8x0/ >

INNER PLATE ~ *O,

COMPRESSION SPRINGS (3) /
, ' PUSH BLTTTON LOCK

s
G '

4s 8-- / < OUTER PLATE -. .

SELECTOR RING '| .. o CAPS (3)nj
- -

CA. . -
ACTUATOR PIN FOLLOWER |

PIN SPRING @p .
COVER PLATE

I Og

O 1/4*.20 SCREWS (3)
'

N
BAYONET END CAP

BAYONET CONNECTOR

Figure 5-1
Exploded View of Lock Assembly

|
1
1
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jQ inner Plate Subassembly {
.

. .

iM'
f) Remove the two screws from the Actuator Block and disassembleit. Clean the ,

Actuator and the Actuator Block. Discard the old Actuator Spring. Check for 1

excessive wear in the Actuator using the dummy Source Assembly. It should - ,

be IMPOSSIBLE to pass the locking ball through the Actuator. >

g) Clean theInner Plate.
>

h) Lubricate the Pivot Pin with Felpro C5A and place the Actuatorin the Actuator
Block. Ensure that the Spring Counterbore faces the Inner Plate. Install the new
Actuator Spring in the Inner Plate. Place the Actuator Block in the register on. q
the Inner Plate, taking care to align the counterbore with the spring. Use the

;thread sealant provided in the maintenance kit to install the two #10 Cap
Screws.

Selector Ring g -:

i) Clean the Selector Ring, the Actuator Pin and Interlock Pin. Check the fit of the
pins in their respective slots. They should move freely within the slots and
should smoothly engage in their holes. Check for wear around the base of the i

.:head of the pins.

j) Check for burrs and sharp edges on the Selector Ring and,if necessary, file them
off.

k) Check the condition of the three nubs on the underside of the Selector Ring.
Ensure that they am secure within the Selector Ring. ,o

O
,

Outer Plate Subassembly jj1

1) Check the operation of the Push Button Lock and wplace it if necessary. {
m) Remove the four cover plate screws and the cover plate. Use caution as the ;

Cover Plate retains three loaded compression springs. ;j

n) Remove and clean the Locking Bar, Lock Pin and Cam Follower. Clean the
Cover Plate and the Outer Plate. Ensure that the slots for the Locking Bar, Lock ,

Pin and and Cam Follower are thoroughly cleaned. .;

o) Replace the Lock Pin Springs and Cam Follower Spring with'the new ones _ .

provided in the maintenance kit. Lightly lubricate the pins with Felpro C5A and
-

reinstall them in the Outer Plate. Using the thread sealant provided in the ,

:'
maintenance kit, install the cover plate usir.g the four #4 screws. Ensure that the
screws are flush with the surface of the cover plate. i

!

NOTE: If the screws protrude from the Cover Plate, they
mayinterfere with the smooth rotation of the SelectorRing. >

.:

p) Lightly lubricate the Inner Plate including the three compression spring slots . ~t

and the internal surfaces of the Selector Ring. Installnew compression springs -
in the slots of the Inner Plate as shown in Figure 5-1. Leave the free ends of the a

springs extended from the slots. j
i

!

.

NOTE: The Selector Ring Parts are precision machined.
components. Too much grease will cause interference.
Use only a very thin film oflubricant.

I
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L(( -
q) Align the Pin Slots in the Selector hg with the Pin Holes in the Inner Plate.

Rotate the Selector hg so that the three nubs engage the exposed compression
springs on the Inner Plate. Lower the Selector Ring onto the Inner Plate until
the Compression Springs and the Selector hg snap into position. Verify that
the Pin Slots are aligned with the Pin Holes. The Selector hg should now be
in the ' LOCK' position.

r) Rotate the Selector hg toward the ' OPERATE' position and install the dummy
Source Assembly,

s) Lightly lubrica te and install the Actuator Pin and the Interlock Pin. The Actuator -
Pin is longer than the Interlock Pin and goes in the Pin Hole aligned with the
end of the Actuator It should not engage its hole at the end of its slot when the
Selector Ring is in the ' LOCK' position. The Interlock Pin should engage in its -
hole.

t) Installnew pin spnngs in the heads of the Actuatar Pin and Interlock Pin.

u) Lightly lubricate the outer diameter and flange of the Outer Plate Subassembly
and mount it on the Selector Ring. Ensure that the Pin Springs are aligned with
the holes in the Outer Plate. If necessary, depress the locking Bar until the Outer

Plate snaps into position.

v) Using a thread sealant, reinstall the Lock Assembly using the three 1/4 - 20
socket head cap screws. Torque each screw evenly to 80-90 in. Ibs.

,

( PISTOL GRIPp
'- /

LOCK NUTS (4)

j/ LOWER CONTROL BOX HOUSING

Gk. (h k WEAR STRIP

GEAR WHEEL'1,'-
f WASHER

/
' UPPER CONTROL BOX HOUSING

, , _ .

8:k' o N N
HAND CRANK

'

CABLE SHEATH (EXPOSE S DE)f-

BRAKE ARY- Y ~ ^$
'

gpD@
CABLE ADAPTER p) % 5/16" HEX HEAD BOLT

. 3 [' BRAKE BEARING
BRAKE JAWS (2) BALL BEARINGS (2) -4

CABLE SHEATH (RESERVE SIDE) #10 CAP SCREWS (4)

p Figure 5-2
Exploded View Of Pistol Grip Control
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w) Perform a quarterly inspection to verify the function of the reassembled taitand all safety features. Once the quarterly inspection has been successfully -.
-7

'
_.

h,

completed, install the three Screw Cover Caps using the sealant provided in the
-

maintenance kit. :

5-4-3 Drive Controls

Annual inspection of the Drive Controls consists of the complete breakdown, cleaning and
lubrication of the Pistol Grip Assembly, the Control Cable Sheaths and the Teleflex Cable.

An exploded view of the Pistol Grip Cuatrolis pmvided in Figure 5-2. Its main components
.

'

l h Drake
are the Pistol Grip, the Hand Crank, the Control Box Housing, the Gear Whee , t ej

|,

and the Wear Strip. ~

In a clean area, straighten out the Control Cable Sheath. Pull out and coil the|
Teleflex Cable until you feel some resistance.This indicates that the Stop Spring -a)

has engaged the gear wheel. Do not use excessive force as this may damage the -|

t

,

step spring or the gear wheel.
j
.
f

-

:- t

w

1mr
amt g ,

Miir i

O Figure S-3

Examples of Teleflex Cable Defects
.i

i
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'

.
.

NOTE: The Teleflex Cable coil diameter should not be
less than 30 cm (12 inches).

b) .- Disconnect the Reserve Tube from the Pistol Grip Assembly and remove the |

Stop Spring. This allows the rest of the Teleflex Cable to be removed from the
PistolGrip Assembly. |

c) Examine the Teleflex Cable for kinks and frays. Examples of Teleflex Cable .

Defects are shown in Figure 5-3. If no damage is observed, clean the drive cables
.

a

using a brush and a degreaser. ;

WARNING: Use of damaged Drive Contmls increases the
- risk of a stuck source. ;

,

d) Clean the male connector and check that the crimped connection between the
,.*

male connector and the Teleflex Cable is secure. Examine the male connector
using a GO NO GO gauge. Refer to Nordion Procedure IS/OP 0046 C000 (See
Appendix B).

'

e) Remove the Bayonet Connector from the Control Cable Sheath and check that
it swivels freely. Remove the spring pins, clean and lubricate the moving parts :

with Felpro C5A. Reassemble using the new spring pins provided in the
maintenance kit.

f) Label the Cable Sheaths and remove them from the Pistol Grip. (Labels are- g
-

. necessary to replace the Cable Sheaths in the same orientation.)
.

.

g) Flush both Cable Sheaths with a solvent degreaser. Blow compressed air ,

through the shes 'hs until they are dry.
.

CAUTION: Perform this operation under well ventilated
conditions and in accordance with the degreaser

'

manufacturer's safety procedures.

h) Soak a cloth with solvent degreaser and wipe the extemal surfaces of thd Cable :
'

Sheaths while checking for cuts, dents or other such damage. Verify that the . ~!
.

Cable Sheaths flex smoothly and easily without crunching. Damage to the
stainless steel tube requires that the Cable Sheaths be removed from service.
Damage to the outer PVC casing may be repaired using water resistant vinyl j

, ~

tape.

i) Check the area around the Cable Sheath Connectors for damage. Ensure that
the Connectors are securely fastened to the Control Cable Sheath.

. j) Verity that the Cable Sheaths are 25 ft. (7.6 m)long.

1- 5-4-4 Pistol Grip Control-

CAUTION: Wear safety glasses while performing this-

.

procedure. The Pistol Grip Control contains a Wear Strip ,

that may fly out once the Control Box Housing is opened. j
.

!

>

I
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a) Remove the V16 hex head bolt and the washer from the Hand Crank.~ This-L [\ - allows the Hand Crank to be removed form the Control Box Housing.
'

.

b) Remove the four #10 round head cap screws from the Control Box Housing.

c) While holding the Cable Adapters, SLOWLY remove the upper Control Box
Housing.

d) Remove and clean the Wear Strip.

e) Remove and degrease the Gear Wheel. Check for bent or broken teeth.

F-.

WARNING: Damaged Gear Wheels increase the risk of a
*

stuck source. Replace damaged components prior to use.

|

i) Remove and clcr.n the Cable Adapters.
+

.<

h) Remove and clean the brake arm, brake jaws and brake bearing.

i) Clean both halves of the Control Box Housing. Check that the ballbearings turn .

freely. .

j) Install one Cable Adapter in the lower Control Box Housing.

k) CAREFULLY place one end of the Waar Strip against the installed Cable
Adapter, and fit the Wear Strip e a track provided in the Control Box |

Housing.

.- '
1) Install the other Cable Adapter.

*

m) Install Gear Wheel Washers on each side of Gear Wheel Shaft, and install the
Gear Wheel in the Control Housing. Take care not to contact the Wear Strip as
ilus may cause it to fly out of the track.

n) Replace the brake jaws, brake arm and brake b' earing as shown in Figure S-2. h

o) Install the upper Control Box Housing and check that the Gear Wheel spins
freely.

-

p) Reinstall the four #10 cap screws and lock nuts through the pistol grip and '
4Control Box Housmg.

q) Replace the Hand Crank and washer using the F 16 hex head' bolt. ;

r) Install the Cable Sheath on the Cable Adapter that fits on the ' EXPOSE' side of
'

-

the Pistol Grip Assembly. It should be replaced in the same orientation it was
- iin at the start of this procedure. Do not install the Reserve Tube.

s) Replace the Bayonet Connector.

t) Lightly oil the Teleflex Cable, pbce it irlo the Cable Sheath and feed it into the J
Control Box Housing. Turn the crank to expose a short length of the Teleflex l

'

Cable on the ' RETRACT' side and reinstall the Stop Spring.

u) Reinstall the Reserve Tube.

v) . Replace cable ties as necessary. 3

j

LO

||
.
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5-4 5 Source Guide Tubes

a) Soak a cloth with solvent degreaser and wipe the external surfaces of the Source |
Guide Tubes while checking for cuts, dents or other such damage. Verify that,

.the Intermediate and Terminating Sections flex smoothly and easily without
crunching. Damage to the stainless steel tube requires that the Cable Sheaths be :

'

- removed from service. Damage to the outer PVC casing may be repaired using
water resistant vinyl tape.

b) Check the area around the fittings for damage. Ensure that the fittings are-
securely fastened to the Intermediate and Terminating Secticns. Verify that the '

threads on the fittings are undamaged.

c) Soak a swab in solvent degreaser an i run it through the Source Guide Tube
j

untilit emerges clean. Ensure that nc foreign material remains in the tubes.
>

d) Drop e dummy Source Assembly thcough the Source Guide Tube. It should !

pass freely through the length of the Source Guide Tube and into the Source
Stop.

e) Verify that the Intermediate and Terminating Sections are 7 feet (2.1 metre) tong.
i

o

O
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r~ TABLE S-1

- ()%U
TITRll Recommended Maintenance Schedule

Step LEGEND: Daily Quarterly Annual
X = Required (Source
R = Recommended a ,,g,) >

- = Not Required

Gamma Ray Projector
t

1 Check due date for quarterly and annual X - -

inspection

2 Complete radiation survey X X X

3 Check external surfices for contamination X X X

4 Checkiabels and general appearance X X X
c

5 Check function of Push Button Lock X X X ,

6 Check that handle is secure X X X
t
'

7 Check End Cap Str, rage Tube X X X

8 Check Cmdition of Source Guide Tube X X X
End Cap

9 Check engagement of Bayonet Connector X X X
,

O 10 Check for smooth operation of Selector X X X

(> Ring

X X11 Verify function ofInterlock -

.

X X12 Verify that Selector Ring carmot be turned -

into OPERATE with End Cap installed 3

X X13 Verify that Selector Ring cannot be turned -
,

into OPERATE if Source is misconnected

14 Verify that Bayonet Connector cannot be - X X t

removed with the Selector Ring in the
OPERATE position

$X X15 Perform ten test exposures with dummy -

Source Assembly

X X ?
16 Check the S-tube for contamination -

X17 Check contents of maintenance kit - -

X !

18 Breakdown, clean, replace springs and' - -

reassemble Lock Assembly
i

Source Guide Tube
,

,

1 Check external surface for damage X X X-

2 Check fittings X X X
~

3 Check condition of plastic end caps X X "X'p
'

4 Check for obstructions X X X i

:

5 Pass dummy Source Assembly R' X X
4
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TITRf1 Recommended Maintenance Schedule

Step LEGEND: Daily Quarterly Annual
X = Requind (Source '

'
R = Recommended d
- = Not Required

?

'

6 Verify length R R X ;

i

Drive Controls
'

1 Check external surface for damage X X X ,

2 Check condition of plastic end caps X X X ;

3 Check Pistel Grio Control for damage or X X X

loose parts ,

4 Check swivel on Bayonet Connector R X X
_

R X .|5 Clean, inspect and oil Teleflex Cable -
.

X i
6 Remove and clean Cable Sheaths - -

7 Check Cable Sheath Connectors R R X

X X8 Verify Length -
;

X9 Breakdown, clean and reassemble Pistol - -

Grip Control

X10 Check Gear Wheel for damage +- -

9

i

Source Assembly Maintenance Summary

item Frequency Maintenance

1. Weekly CLEAN male and female connectors.
LUBRICATE female connector.

.- ,

2. Weekly CIIECK functioning of source locking collar

3. Monthly INSPECT source and drive cable connectors using the
test gauge

4. As required VERIFY length of teleflex drive cable

5. As required CLE/ ' m".ography equipment -
'

6. As required RECORD all maintenance and repairs in the log book

.t

>

O ;
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Chapter Six

Source Chaneer
'

6-1 GENERAL :

This section describes the storage and shipping of radioactive Source Assemblies and is

applicable to all gamma radiography sources contained in a Nurce Changer. Source
Changers are used to transport new and depleted sources to and from Nordion and the

'
customer.

*
,

WARNING: The C-990 may only be shipped in a licensed
Source Changer. Ensure that your changer is licensed for
the C-990. If in doubt, contact Nordion International Inc.

.(
1' 6-2 CHANGING A SOURCE

.

6-2-1 Regulations

i

Canada-In Canada, the governing regulations are the Transportation of Dangerous Goods .
(TDG) Regulations and the Transport Packaging of Radioactive Materials Regulations, .

'
.,

SOR/83-740, including all amendments.

United States-In the United States, the transport of Radiography Projectors and Source
Changers is govemed by 10 CFR P3rt 71, and 49 CFR Parts 171 through 179,

International-IAEA S sety Series No. 6,1985 Edition (As Amended 1990), guides the
transportation of radioactive materials intemationally.

6-2-2 Prerequisite for Changing a Source

e user must be trained and qualified to carry out a source change. The operator must carrya
a TLD, direct reading dosimeter, and alarm. The operator must also use a calibrated area :
radiation survey meter that is capable of measuring from 0.02 mSv/h (2 mrem /h) to 100

mSv/h (10 rem /h).

O
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6 2-3. Receiving Source Changers

:

When shipping a radioactive package, the consignee must make arrangements for receiving

prior to shipment. Upon notification of arrival, the package shall be promptly picked up at '
i

the carrier's tertrunal.

a) Upon receipt of the Source Changer, measure the radiation fields at '.he surface
of the package and at 1 meter. These should not exceed 2 mSv/h (200 mrem /h) |

'

at the surface and 100 Sv/h (10 mrem /h) at 1 meter.

WARNING: if the package has been damaged and the '

radiation fields exceed these limits, treat the situation as
an EMERGENCY. Isolate and secure the package in a
ret,tricted area. Contact the appropriate authorities and
your Radiation Safety Officer. See 7-2-Emergency
Procedures.

b) Inspect the Source Changer for damage. Check the condition of the wire seal.
>

WARNING: If the package has been tampered with or ;

damaged, contact your Radiation Safety Officer for further .

instructions. Do not proceed Nther unless authorized to ,

do so.

c) Record the radiation levels in the receivirig report. Enter the isotope (iridium
192), activity, source model number and serial number. In addition, record the j

model number and serial number of the Source Changer.
-

d) Read the User's Instructions that accompany the Source Changer. |

6 2-4 Source Changer ,

:!

Many different models of Source Changers may be used for changing a source. Please refer
'

to the User's Guide that come, with the Source Changer.

6-2-5 Shipping

Refer to your Source Changer's User's Instructions for directions on preparing your Source

Changer for transport.
.

WARNING: Never ship a Source Changer that has been ,

'

tampered with or damaged. Ensure that your Source
Changer is I; censed to carry the C-990.

!

i

O s

i

!

Source Changer. ' Chapter 6 - Page'2 93 Oct
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Chapter Seven

Safety -

4

I7-1 GENERAL

As an operator, you are required to operate the TITM in accordance with this manual and
local / national regulations. The operating instructions and infonnation presented here are ,

'

intended only for the use of licensed penonnel. Read and fully understand this manual
before beginning operations. You are advised to:

operate the equipment according to the instructions contained herein,.

,

observe all CAUTIONS and WARNINGS,e

ensure proper maintenance of the equipment,. . ,

kJ ensure that only properly instructed personnel are permitted to operate theTITM . .
=

ITAs an operator of the TITM , you are required to have the qualifications specified jointly .- ,

I
by your Local Regulatory body and Principal Owner Licensee.

7-1-1 Safety Features '

.

The TITM incorporates an irr.portant new safety feature for Gamma Ray Projectors. That
is, you cannot release the soune from the Gamma Ray Projector unless you have secured
both the Source Guide Tube ani the Drive Controls. This feature significantly reduces the j
possibility of an accidental source disconnect through operator error.

.

7-2 EMERGENCY PROCEDURES
i

7-2-1 Operating Emergencies
I

WARNING: DO NOT handle an unshielded source. 'i
Sources emit high levels of radiation . Close contact may !

i

cause severe injury or death.-

in the event of an emergency, STAY CALM and consider the proper course of action. The

j follmving steps should be completed before any remedial action is taken:

93 Oct . Chapter 7 - Page 1 . TITAN
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p'1. a) Immediately move away from the exposed source.
,

,3
. Increasing the distance between yourself and the radiation source decreases

your radiation dose. DO NOT PANIC if you cannot immediatcly shield the
source.

b) Establish a restricted area.

Using a survey meter, check the restricted area boundaries and adjust them if

'_
necessary. Ensure that no one enters the restricted area. Do not leave the
restricted area unattended.

c) Get Assistance

Remain in the area until help arrives and someone is able to provide assistance.
Arrange to have your Radiation Safety Officer (RSO) contacted.

d) Wait for Qualified Personnel to Arrive

Well planned remedial action usually makes it possible to retrieve a sou rce with
little operator exposure. Source retrieval should only be performed by specially
trained persc:mel. DO NOT ATTEMPT ANYTHING THAT YOU HAVE NOT
frai 'i RAINED TO DO. If necessary, contact Nordion International Inc., at
1-S00-267-6211.

7-2-2 Transport Emergencies

The following emergency procedure does not apply to vehicle malfunctions where it can be
readily determined that the radioactive material and the TITAN have not been disturbed.

a
In the event of a transportation emergency, do not leave the vehicle unattended. Arrange .
for a passing motorist to contact police.

I When obtaining assistance in the case of an emergency, the information contained in
shipping papers and emergency procedures should enable responsible persons to prepare j

( a timely and effective response. Ensure that this information is kept in a readily accessible |
| and visible area in the transport vehicle. 'I

Transport regulations require carriers, organizations or persons transporting a radioactive
material package that is involved in an accident to notify the appropriate authority that an
accident has occurred in the area under their jurisdiction. Appendix C contains a list of 4

appropriate agencies,
d

Accidents

In the event of an accident, the following steps should be taken;

a) Render first aid,if necessary,

b) Perform a radiation survey. Set up a restricted area if the source becomes
exposed.

c) Notiff the police. IX) NOT LEAVE THE PACKAGE UNATTENDED. Arrange
for a passing motorist to get help. Indicate if an ambulance is required.

x .

d) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring
that the police will keep unauthorized personnel outside the restricted area.

; Safety ~ Chapter 7 Page 2 - 93 Oct i
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' < ' - c) Arrange for your Radiation Safety Officer to contact the appropriate regulatory < j
. .

gencies (See Appendix C.) ]a

f) Delay clean up until properly trained personnel arrive.

Fire-
-

In the event of a fire, the following steps should be taken; -

a) Render first aid,if necessary. f
b) Smallfirescanbeextinguishedwithdrychemical(CO2)extinguishersandlarge yj

fires with foam or water from UPWIND, and at a maximum distance. Fumes. :
,

should be assumed to be toxic. Large fires should be left to trained firemen. .;

c) Perform a radiation survey. Set up_ a restricted area if the source becomes 3

exposed.

d) Notify the police. DO NOT LEAVE THE PACKAGE UNATTENDED. Arrange ' |e

- for a passing motorist to get help. Indicate if an ambulance is required. i

'I

e) Notify your Radiation Safety Officer. DO NOT leave the area without ensuring
that the police will keep unauthorized personnel outside the restricted area. :

e

f) Arrange for your Radiation Safety Office to contact the appropriate regulatory
~,

agencies. (See Appendix C.)

g) Delay clean up until properly trained personnel arrive.

O |
:

r.

T
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Chapter Eight-

Wa rant
|

8-1 TITAN WARRANTY

Nordion Intemational Inc. makes the following warranties with respect to its products:

1. Scaled Sou.ces:-Sealed sources shall conform to current Nordion specifications and
shall be free from any material defect in workmanship or materials at the time of delivery.

11. Equipment: Nordion intemationalInc.-Gamma Ray Projectors and peripheral j

equipment will be free from any material defect in workmanship or materials for a period
of one (1) year from the date of shipment of product to customer. i

n
(-} 111. Parts: -Replacement parts supplied by Nordion shallbe free from any material defect

in workmanship or materials for a period of thirty (30) days from the date of shipment of
product to customer.

Nordion's only obligation with respect to the wananties herein shall be to repair, or at its
sole discretion, to replace defective products or parts thereof.

Customer shall retum product to a Nordion authorized repair centre for repair or .;

replacement, freight prepaid. Customer shall be responsible for preparing the product for
shipment in accordance with local laws and regulations.

!
IUnder no circumstances should the customer retum product to Nordian Intemational Inc.

without obtaining a product retum authorization (P.R.A.) number from Nordion.

All warranty obligations of Nordion Intemational Inc. shall cease and have no effect if the
'

!
products are subjected to accident, abuse, misuse, alteration or neglect.

The warranties contained herein are expressly in lieu of and exclude all other express or

implied warranties including, but not limited to, warranties of merchantibility and fitness .

for a particular purpose, use or application. ]

!

~

l

- 93 Oct . Chapter 8 - Page 1 TITAN
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Ar2 TITAN -INSPECTION AND RETURN OF PRODUCTSV ;

All shipments shall be inspected on receipt by the buyer unless otherwise instructed by [
Nordion International Inc. Any defects shall be promptly communicated to the shipper and
Nordion Intemational Inc. in writing within ten (10) days of receipt of the product. No i

product shall be retumed without a Nordion product retum authorization (P.R.A.) number. i

Products retumed shall be at the buyer's sole risk and expense. The buyer shall pay a
re-stocking charge in respect of such products. ,

8-3 LIMITATION OF LIABILITY .

L

Nordian's hability to the buyer for damages, howsoever caused, shall not exceed payment |

actually received by Nordion International Inc. for the product fumished, or to be fumished,
. 1

as the case may be, and in no event shall Nordion Intemational Inc. be liable for indirect, |

contingent, special or consequential damages (including loss of profit).

t

8-4 INDEMNITY
:

Customer shall indemnify Nordion for, and save Nordion harmless from, all losses, costs
or damages suffered or incurred in respect of damage or destruction of property, personal
injury or death which may be caused by or arise from, either wholly or in part, the use of
products or customer's negligence, acts or omissions.

i

't

V

A
.I
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Appendix A
,

Troubleshootine

SYMPTOM PROBLEM SOLUTION
'

Cannot turn Selector Key is locked. UNLOCK key.
Ring to ' OPERATE',

Dayonet Connector is CHEG 1rst to ensure
not connected properly. that Sou ce Assembly is

proper 1 connected.3

CONNECT Bayonet ,

Connector. See 34-3 :
Operation Procedures
" Connecting the Drive
Controls."

O
(_/ Source Guide Tube is CONNECT Source

not connected. Guide Tube. See 34
Operation Procedures.

Selector Ring does not Teleflex Cableis RELIEVE compression
easily turn to the pushing against inner by turning Pistol Grip R

' OPERATE' position. plate in Lock Assembly. Control crank clockwise.

Lock is contaminated CLEAN projector. See ,

with foreign material. Chapter Five !

Maintenance i

Selector Ring snaps Teleflex Cable has RELIEVE tension by I
back to the ' LOCK' disengaged the Stop Pin turning Pistol Grip |
position when turned to from the Selector Ring. Control Crank !

i

' OPERATE'. counterclock wise.

Selector Ring does not Source is not fully RETRACT source fully. I

snap back automatically retracted. i

to ' LOCK' when ihe
'

source is retracted.

Source Assembly or REPLACE damaged
Teleflex Cable is Source Assembly or .-
damaged. Teleflex cable. Always !

use a survey meter
when approaching the
projector. See 7-2
Emergency Procedures.

.

Lock Assembly is CLEAN projector. See -
contaminated with Chapter Five
foreign material. Maintentnce.

93 Oct Appendix A Page1 TITAN
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SYMPTOM PROBLEM . SOLUTION

Cannot connect Teleflex ' Source Assembly Lock LUBRICATE Source e

Cable to Source Pin has seized. Assembly Lock Pin. See
Assembly. Chapter Five

Maintenar.ce.
t

Source Assembly REPLACE Source
Connector or Teleflex Assembly and/or
Cable Connector is Teleflex Cable.
damaged.

,
,

Cannot connect Bayonet Teleflex Cable has not CONNECT Teleflex
'

Connector to the been connected first to Cable to Source End
Gamma Ray Projector. the Source Assembly. Connector. ,

Cannot disconnect Source is not fully GTURN source to
Bayonet Connector. shielded. fully shielded position ,

by turning Pistol Grip
Control Crank.

Selector Ring has not ROTATE the Selector
fully retracted to the Ring completely i
' LOCK' position. clockwise. Always use a

survey meter when
approaching the
projector.

Push Button Lock is UNLOCK Push Button
.g- locked. Lock with key,

.

Pistol Grip Control is Brake is engaged on UNLOCK Brake.
difficult to turn. Pistol Grip Control.

,

Pistol Grip Control is CLEAN Pistol Grip
contaminated with Control and replace any
foreign material. damaged parts. See

Chapter Five ,

Maintenance.

Teleflex Cable is REPLACETeleflex
kinked, frayed or Cable. See Chapter
otherwise damaged. Five Maintenance.

_

Cable Sheath or Source ADJUST Cable Sheath -
Guide Tube is kinked, or Source Guide Tube,
crushed or otherwise See ChapterFive
damaged. Maintenance.

LO

Troubleshoottng Appendix A Page 2 93 Oct -
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447 March Road, P.O. Box 13500, Kanata, Ontario, Canada, K2K 1X8
Tel: (613) 592-2790, Telex: (053) 4162 Telefax (613) 592-6937 ,

'

TERNATIONALINC.

OPERATING PROCEDURE lO - _ _ 1

Maintenance instructions for IS/OP 0046 C000 !
i

Cable-Type Radiography Sources
~

:
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The portion of this text cffnte0 by the changes is indicated by a vertical line in the margins of the pages.
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OPERATING PROCEDURE IS/OP 0046 C000 (REV B) -

|

. 1-SCOPE 2 GENERAL INSTRUCTIONS FOR |

b: CONNECTORS AND SOURCES l
This document describes the maintenance procedures for
Nordion cable-type radiography sources. The test gauge It is recommended that you perform the following steps
(Figures 3 and 4)is used to test the operation of D898 and as a matter of habit. If your radiography equipment is in - .

D899 connectors for the cable-type radiography sources high use, it is advisable to perform these steps more I

frequently than indicated. |listed in Table 1.

.i

Table 2 summarizes these detailed procedures.

WARNING
'

Source Female Male
Type Connector Connector Always check that the source is

secured in its shielded position in the

C-337 D898F D898 Gamma Ray Projector or Source
Changer before performing any

C-340 D899 D898 maintenance action.

C-343 D899 D898
~ |(1) Clean both male and female connectors weekly,

C-359 D899 D898 using any high grade commercial organic
solvomt.

C-361 D899 D898 '

(2) Lubricate the female connector weeldy, using a
C 990 D899 D898 light oil such as WD-40. ,

(3) Check weeldy that the spring loaded locking
collar is functioning properly (see Figure 1).
Ensure that it returns to the fully closed position -
after it has been released. '

Table 2 -

Maintenance Summary ,

,

'

Item Frequency Maintenance ;

1. Woekly CLEAN male and female connectors. '|
LUBRICATE female connector.

2, Weekly CHECK functioning of source hcking collar 'I

3. Menthly INSPECT source and drive cable connectors using the test gauge
|_

4. As required VERIFY length of teleflex drive cable
,

J
5. As required CLEAN radiography equipment

6. As required RECORD all maintenance and repairs in the log book j

O :
,

_-i

|

1 of 4 93 SEP '
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OPERATING PROCEDURE IS/OP 0046 C000 (REV B)_ ;

. 5) Verify that the length of the remote control drive
O [[g[,gm R Cable is Correct (see Figure 2). Disconnect theb reserve side of the remote control sheath from

the end plug. For a 25 foot remote control, when
the drive cable is fully retracted, the end of the
teleflex cable should be 8 inches short of the endi s

--jg' ,) | I -/ of the reserve sheath. Remember to install the
stop-spring when adjusting or replacing the t

drive cable. This procedure is particularly
important for users of the Nordion TITAN

LoCiONG CCRAR Gamma Ray Projector or other projectors that
automatically secure the source. The cable *

*

length must be checked once on existing
Figure 1 equipment and then only when the drive cable

iS rep aced.l .

Operation of locking collar

4) Inspect the source end connector and drive cable 6) Keep your drive controls and source guide tubes s

male connector monthly according to the clean and dry. Always clean your accessories
a

procedures of Section 3. Remove the source or inside and out after working in a harsh
drive cable from service if it has been damaged environment.

,

or fails any of the tests described in Section 3.
'

7) Always store your radiography equipment in a !
%RNING clean, dry and secure storage area.

s-
. . 8) Follow the maintenance procedures and user's

Never use your Nordion source with instructions in your gamma projector's
anything other than a Nordion male operating manual. Record all maintenance in the

O connector on the end of your drive equipment log book. ' -

cable. It is dangerous to use other ;

manufacturers' male connectors with 9) Call Nordion Customer Service if you have
Nordion sources. questions or problems with any of these

procedures.1-800 267-6211.
c. .

i_ ,

E

f
- DRIVE CONTROL $ HEATH

(q /
v

/_
U#E VE LE;. /<

TOR j

/ '

g!?:~'"
,

!
/ END PLUG,/ 1 %

!STOP SPRING /

h '
,a

/
'j % ((, /

/
RESFRVE $ HEATH \

'

PIECE OF OLD DRIVE CABLE.
A OBED FOR ME.ASUREMENT PURPOSES

fB INf T B)
.

.

\\ ,

o' N -

Figure 2: Measure Drive Cable
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.e- 3 TEST GAUGE INSTRUCTIONS (s) Place the male connector parallel to the plane of

( the test gauge.
A '

CAUTION
Do not attempt loforce the connectors through (6) Check that the connector DOES NOT go
any of the holes or slots of the test gauge. This through opening "C". Should the connector pass
may damage the connector and cause through opening "C", this would indicate that
unnecessary umar to the test gauge. the neck had been stretched,'due to excessive

pull force. -

Check the source connector and the drive cable connector
monthly using the test gauge. The connectors must pass 3-2 Fernale Connector (See Figure 4)
all of the following tests. If a connector fails one or more

NOTEof these tests,it must be removed from service
immediately. Use Ihe DB99 side of the test gauge to test all

female connectorslistedin Table L

3-1 Male Connector (See Figure 3)
(1) Place the female connector perpendicular to the

NOTE plane of the test gauge.
Use the DS98 side of the test gauge to perform

all of the tests on the male DS98 connectors. (2) Check that the connector DOES pass through
hole "D". Should the connector not pass
through hole "D", this would indicate stretch of

(1) Place the male connector perpendicular to the the connector due to excessive pull force.
plane of the test gauge.

NOTE-
(2) Check that the ball DOES NOT pass through On the C-990 source assembly there is a roll

hole " A". Should the ball pass through hole pin pressed through Ihe sourcejust above Ihe
'', this would indicate excessive wear on the notch in the connector.1t is not necessaryfor

' this pin to pass through hole "D" on the gauge.

(3) Place the male connector perpendicular to the
plane of the test gauge. (3) Place the female connector parallel to the plane

of the test gauge.
(4) Check tlut the neck DOES NOT pass through

slot "B". Should the neck pass through slot "B", (4) Check that the connector DOES NOT fit on pin ;
this would indicate excessive wear on the neck. "E". Should the connector fit on pin "E", this -

wou'd indicate excessive wear of the female 1

connector.

m, - ,<

U D fl iA v

O V a c .e= ,
NO GO NO GO NO GO

()gg3 GO 0899 NO GO

O O
2 R n^ O-__

LJ l ()3 m ;&w

Figure 3 Figure 4

[kv Gauge Orientation for Male Connectors Gauge Orientation for Female Connectors '
~
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*
,

f. '

IT REFERENCES
|

1. Nordion Engineering Drawing, A16843,
D898, D899 Connector Test Gauge.

2. Nordion Engineering Drawing, A17714,
Connector Body Temale (D8991.

3. Nordion Engineering Drawing, A16828,
Connector Body Temale (DB98F).

.

4. Nordion Engineering Drawing, A16832,
D898 Male Connector, Cable End.

!

..

b

/

\ /

,

'
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Appendix C 3

Res ulato Aeencies 1

C-1 CANADA

,

AREA FIEPRESENTATIVE PLACE TELEPHONE ,

National Atomic Energy Control Board Ottawa 613 995 4 479 ,

*

Transport Canada Ottawa 613 996 6666

Environment Canada Hull 819 997-3742

Newfoundland Dept.of Employment & Labour Relations St. John's 709 729-2644

Prince Edward P.El Dept. of Health Charlottetown 902 368-49 %

l>1and & Social Services
,

1

Nova Scotia NS. Dept. of Health llahfax 902 424-4077

'(/ New Brunswxk N.B, Dept. of itealth - Lab Fredericton 506 453-2067

N.B. Dept. of Health Fredericton 506' 453-2933

St. John RegionalIlospital St. John 506 648 4 852

Quebec Atomic Energy Control Board laval 514 667 4360

Ontano Ontario Ministry of Labour Toro.ito 416 235-5922

Atomic Energy Control Board Mississauga 416 821-7760

Manitoba Department of Environment, Winnipeg 204 945-7008
,

Work Place Safety and Ilealth 204 945-7039

204 944-4388

Saskatchewan Department of Latour Regina 306 787-4538

306 933-7775

University of Saskatchewan Saskatoon 306 966-4675 -

Alberta Compliance Information Centre ."dmonton 403 422-9600

Atonue F.nergy Control Board Calgary 403 292-5181

Alberta Latour Edmonton 403 427-2691

Dritish Columbia ILC. Ministry of Health Vancouver 604 660 4 633

Environmental Health Protection Services Vancouver 604 660-6633

Radiation Protection Services Vancouver 604 660-6633

Northwest N.W.T Pollution Control Division Yellowknife 403 873-7654

Terntories N W.T. Occupational Health
_ ,

& Safety Division Yellowknife 403 873-7468

1

'

V i
;

-!
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yC--2 UNITED STATES i

AGREEMENT STATES Kanm 91k241542 Nenh CamHna 917741-4283
Bureau of AirQuahty and Departmentof Environment, Health

A state that has an agreement with the Radiahon Control and Natural Resourms Division
Nuclear Regulatory Commmuon Department of Health and Enytrmment of Radiation Protection
allowmg the state to regulate artam Forbes Field, Budding 321 P.O. Box 27687 Raleigh, i

activines using radioactive matenals. for Topeka,Kansa 66620 North Camtma 27603-7687
example, gamma radiography using
iridnuw192 or cobalt +0 sources. Kentucky 502 564-3700 . North Dakota 701-224-2348 1

t

Alabama 205-261-5313 Department of Health Services Radiological Health Program ;

Isureau of Radiolo$ical1Icalth Cabinet for Human Resourms State Depanment of Health
EnvirmunentalHealth Admuustrahon 275 East Main Street 1200Masourt Avenue .

'Room 314. State Offace Building Frankfort, Kentucky 40621 Bismarck. North Dakota SR502-5520
Muntgomery, Alabama 36130

oulslana 504-925 4518 Oregon 501229-5797
Arizona 602-255-4843 Nuclear Energy Division Radiation ControlSection
Arizona Radiation Regulatory Agmcy Offim of Air Quality and Nuclear Energy Department of Human Resources
4814 South 40th Stwet P O. Box 14690 1400 South West Fifth Avenue
Phoerux Arirona85040 Baton Rouge, Louisiana 70898 Portland, Oregon 97201

Arkansa 501-6612301 Maryland 301431-3300 Rhode Island 401-2774438
Division of Radiation Control and Center for Radiological Health Radioactive Materials and X-Ray
Dnergency Management Departmentof theEnvironment Programs
Arkansas Department of Health 2500 Brocrung Eghway Rhode bland Department of Health
4815 West Maruuun Street Baltimore, Maryland 21224 Cannon Building, Davis Street
We Rak, Arkansas NW ~ enu, de M N

Mississippi 601-3544657/6670
California 916-44 54931 Division of Radiological Health South Carolina 8017344700

916-322-2073 State Board of Health Bureau c4 Radiological Health
Radioiogic Health Branch 3150 lawson Street South Carolma Department of Health
Departnwnt of Health P.O. Box 1700 and EnvironmentalContro!
714 P Stnet, Room 498 Jackson, Missthsippl 39215-1700 J. Manon Sims Buildmg
Sacramento,Cahforrua 95814 2600 Bull Street.Columbla,

Colorado 301331-M80 Division of Radiological Health |Radiation Control Division State Department of Health Tennt. ee 615-741-7812 -
Office of !!calth Pmtection 301 Centernal Mall South Division of Radiological Health
Department of Public Health PA Dox 95007 TERRA Building,150 9th Avenue, N.
4210 East lith Avenue lincoln, Nebraska 68509 Nashville, Tennessee 37219-5404
Dene, Colorado e

Nevada 702487-5394 Texas 512-8357000
l'lorida 904-4871004 Radiologicalllealth Section Bureau of Radiation Control
Ofhceof RadtauonContml Health Division Texas Department of Health
Department of Health and Department ofliuman Resources 1100 W. 49th Street
Rehabihtauve Servues 505 East Kmg Street, Room 202 Austm. Texas 78756
1317 Wirewocd Boulevard Carson City, Nevada 89710 Utah 801-5384734Tahhassee, Horida 3239W00

g
Georgia 404 M4-5795 Radiological Health Program State Department of Health j

Radiological Health Secbon Bureau of EnvironmmtalHealth 288 North 1460 West
Departmmt of Human Resources Divisionof Health $ervices PA Box 16690 -
Room t:00- 878 Peachtree Street Health and Welfare Butidmg, Salt Lake City, Utah 84116-0690 '
Atlanta, Georpa 30309 Haren Drive,Conconi,

Washington 2%586-8949
Idaho 2%3M-5379 New Hampshire 03301 Of6ce of Radiauon Pmtection
Compliance Sectum New Mexico 505-827 2959 Department of Social Health

,

Idaho Department of flealth and Wehre Commurury Servuxs Bureau ' Servims - |

Statehouse, Boane Idaho 1G720 Environmental Improvement Division Mail Stop LE-13
' 'Illinois 217-7R59M,8 Department of Health and Environment . Olympta, Washington 98504

Department of Nuclear $afety 1190 St. Francis Ditve

1035 Outer Park Dnv, Santa Fe, New Mexico 8750',
Updated lists of state addresses and

Spring 6 eld, Ehnuts 62704 New York $184710048 telephone numbers are available upon
Iowa $15281 M78 Division of Poilcy Analysis and Planrung t imm-
Bureau of RadWgscal Health 2 RockeMler Plaza -

Of6m of Govennental andlews Department of Health Albany,New York 12223
""Lucas State Ofhce Buildmg
"Des Moirws Iowa 50319

(301)492-0326(q
-

4
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United States Nuclear Regulatory Commission Regional Offices
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Region Address Telephone )

I 631 Park Avenue, King of Prussia, Pennsylvania 19406 215-337-5000

11 101 Manett 'itteet, NW, Atlanta, Georgia 30323 404-331-4503 j
l

III 799 Roceelt Road, Glen Ellyn,Illmois 60137 312-795-5500

IV 611 Ryan Plaza Drive, Arhngton, Texas 76011 817-860-8100

y 1450 Maria lane, Walnut Creek, Cahfornia 94596 415-943-37(X)
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h Certification-

1

!

IY Atomic Ensigy Commission de conttle !
Control Board de 14nergio atomique i

/
|
ISPECIAL FORM RADI0 ACTIVE MATERIAL CERTIFICATE NO. CDN/0001/S, (REV. 12)
;

30-A2-187-0 reptember 3, 1992

l

The Atomic Energy Control Board hereby certifies that the capsules, as ;

described below, have been demonstrated to meet the regulatory requirements
|

prescribed for special form radioactive material as defined in the Canadian |

Transoort Packarinc of Radioactive Materials Rerulations and in the IAEA
Regulations *, subject to the following provisions.

CAPSULE IDENTIFICATION

Nordion International Inc., Capsule Assemblies as listed below.

CAPSULE DESCRIPTION

The radiography capsule assemblies, as listed below, consist of single-walled
,

encapsulated Type 316L stainless steel construction with external dimensions '

. 19.7 mm long by 4.75 mm diameter. The capsules are crimped onto a 3.2 mm
diameter 7-19 or a 2.34 mm diameter 7-7 stainless steel aircraft cable
assembly or 3.6 mm diameter Nuclear Iberica cable assembly, incorporating a
variety of lengths, locking collars and end connectors which are specific to
each capsule and their respective drawings:

CAPSULE DRAVINC CAPSULE DRAWING

C-141 A07123 Rev. A C-262 A11542 Rev. C
C-142 A07117 Rev. A KC-266 A12671 Rev. D
C-148 A07118 Rev. A C-267 A12668 Rev. D
C-169 A07122 Rev. B C-272 A12950 Rev. D
C-175 A07116 'Rev. C C-291 A13796 Rev. C
C-187 A07119 Rev. A C-313 A16730 Rev. B
C-192 A07120 Rev. D C-337 A16827 Rev. G

XC-237 A07737 Rev. B C-340 A16833 Rev. H
C-245 A09425 Rev. G C .243 A17715 Rev. D
C-259 A11539 Rev. F C-357 K121110001 Rev. A
C-260 A11540 Rev. C C-359 K121104002 Rev. B
C-261 A11541 Rev. E C-361 K121104003 Rev. B

C-369 K121104004 Issue B
C-990 K122213-600. Issue 1

Page 1 of 2
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The following capsule assemblies are also authorized:

Length Diameter
Capsule Drawing No. (m) (m) Encapsulation

C-164 A05488,(Rev.D) 14.9 3.99 single

C-204 A02029,(Rev.E) 15.0 5.5 single
.

C-181 A05800,(Rev.D) 16.5 11.6 eingle

C-349 A18351,(Rev.D) .. 1 4.57 single"

C-352 A18388,(Rev.C) 13.5 8.8 doub1

XC-234 A07516,(Rev.E) 9.78 6.1 single

AUTHORIZED RADI0 ACTIVE CONTENTS

Each capsule is authorized to contain not more than 1850 GBq (50 Ci) of ;

cobalt-60 or 5550 GBq (150 C'' af iridium-192, in the form of solid metal
'

pellets.

Q ,

y LXPIRY DAg

This cartificate expires May 31, 1996

Ld G r ,
W.R. brown
Director
Radioisotopes and T ansportauon
Division

REFERENCE

* International Atomic Energy Age.ncy Safety Series No. 6, Regulations for the
Safe Transport of Radioactive Materials, 1973 Revised Edition (as amended).

NOTBS |
!

1. Revision 4: June 7, 1983. Capsula C-343 added. Certificate renewed. |

2. Revision 5: September 22, 1986. Certificate renewed.
3. Revision 6: April 3, 1987. Capsules C-349 and C-352 added. i
4. Rerision 7: April 18, 1989. Capsules C-357 ar.d C-359 added.

Certificate renewed.
5. Revision 8: August 24, 1989. Capsule C-361 alded. j

6. Revision 9: February 15, 1990. Capsule XC-234 added. ;

7. Revision 10: November 20, 1990. Capsule description revised and capsule |
'

C-369 added.
.n)( 8. Revision 11. May 13, 1992. Certificate renewed.

~ 9. Revision 12. September 3. 1992. Capsule C-990 added.
{ |

|

I
i |

w:
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i( ^ ' 3 . THERMAL EVALUATION

~3.1 Discussion

The Titan does not include a fireshield or insulation of any<

P kind. Heat dissipation is via natural convection from the

[ surface of the' package. All materials used in the package
continue to be effective over the temperature range expected
during transport.

The only material vulnerable to the fire test is the epoxy,

foam. However, this is of little consequence as its only
function is to provide additional support to the depleted
uranium shield during the 9 m drop test. After the drop test,
the depleted uranium shield will be adequately secured by the
actuator block and exit port. No increase in radiation field
is expected relative to the dropped condition.

The titaniua and depleted uranium components of the Titan all
have melting points in excess of 800 *C. They will not be
significantly affected by the regulatory fire test.

The radioactive contents meet the requirements for Special
Form radioactive material. Therefore, they will not be

. ('3 significantly affected by the regulatory fire test.
x_)

3.2 Summary of Thermal Properties of Materials

The melting points of the materials used in the Titan are,
'

presented below. No value is provided for the epoxy foam as
it is assumed that it has been lost during the fire test.'

!

Material Melting Point Reference
(*C)

...

Depleted Uranium 1130 [13)
Steel 1427 [13]

Titanium 1690 [13]
h Iridium 2454 [15]

Lead 327 [13)

Where applicable, additional thermal properties are presented
in the body of this chapter,

e

-'C.
.
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- 3.3 Technical Soecification of Components 'j

.

Component technical specifications are described in chapter 8.

3.4 Thermal Evaluation for Normal Conditions of Transport
,

Steady State Temperature
!

In still air, and for smooth surfaces, Jennings suggests a- -}
heat transfer coefficient of 8 W/mC.(9] 120 Ci' of Ir-192 f2

'

generates about 1 W of. heat. It is assumed that heat is
transferred via all four sides and the top surface of.the 1
Titan. It is also assumed that the ambient temperature is 38
*C . -

The areas of each of the surfaces are calculated to be:
B

48.4 in2 2A, 4.84*(10) 0.031 m== =

2*(7)*(10) = 140. in2 2 :0.090 mA,,3, ==

h274.3 in22 * (4. 84+5. 78) * (7) 0.048 mAg = ==

2
2 |Au = = 263 in2 0.17 m=

Under these conditions, the surf ace temperature of the unit is '\
,

found to'be: ;

1/ (8 ) ( 0.17) + 3 8 = 3 8 . 7 *C ;Ts = Q/hA + T4 =

As this is less than 50 "C, this requirement of the
regulations is satisfied.

,

'

Solar Heating

To calculate the surface temperature of the Titan under solar '
heat load conditions, it is assumed that the top surface is j

2subjected to a heat flux of 800 W/m and that the'two sides,
2the front, and the back of'the Titan each receive 200 W/m ,

}

2 2 '
TOP: 800 W/m (1x .031 m ) 25. W=

2 2 18. WSIDES: 200 W/m (2x .045 m ) =

2 2 9.6 WFRONT /BACK: 200 W/m (2x .024 m ) = .;

53 WTOTAL = >

This heat is dissApated by natural convection and by
radiation. In mathematical form:

96 October, 1993
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V Q = hA (T,-T,) + OEA ( T,* -T,* ) i

.

where: Q = the heat dissipated (54 W) !
2A = the total surface area (0.17 m) . ;

h = the heat transfer coefficient
= 8 W/m C [9]

.

!
2

T, = the surface temperature !
T, = the ambient temperature = 38 *C = 311 K

.

2o = Stef an-Boltzman constant = 5. 669E-8 W/m g4 t
:

emissivity of titanium = 0.31 [10]
'

E =

Solving yields a surface temperature of 6B "C. This
temperature will have no significant effect on the package or
its contents.

,

3.5 Hvoethetical Accident Thermal Evaluation
!

The only material vulnerable to the fire test is the epoxy e

foam. However, this is of little consequence as ~it's only1 i

function is to provide additional support to the depleted !

uranium shield during the 9 m drop test. Af ter the drop test, ,

the depleted uranium shield will be adequately secured by the
actuator block and exit port. No increase in radiation field 1

is expected relative to the dropped condition.
,

The titanium and depleted uranium components of the Titan all
have melting points in excess of 800 *C. They will not be :
significantly affected by the regulatory fire test. i

The radioactive contents meet the requirements for Special |
Form radioactive material. Therefore, they will not be i

.

significantly affected by the regulatory fire test. ,;

3.6 Accendix *

There are no appendices to this chapter. i

,

7

I

i
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4. CONTAINMENT |

I.
4 .1 ~ Containment Boundary

,

,

The C-990 meets the requirements for Special Form radioactive ;j
material and is the containment system. Appendix 2.10-C :
includes a copy of the Special Form certificate for the C-990.. |

There are_no penetrations into the C-990. It is a welded
capsule.

Full scale testing has shown the C-990 to be effectively |

retained in the shield during the tests for the accident '!
conditions of transport. !

a
M Containment Recuirements for Normal Conditions 'of [
Transport

,

r

The C-990 meets the requirements for Special Form radioactive .

material. This demonstrates its ability to retain its (
contents under the normal conditions of transport. !

4.3 Containment Reauirements for Accident Conditions of '[
Transport

The C-990 meets the requirements for Special Form radioactive
material. This' demonstrates its ability to retain its' |
contents under the accident conditions of transport.. t

'

4.4 Appendix
,

t
'

,

There are no appendices to this chapter.

:

I

,

'
i

:

i
.

i

i
;

!

-]
.

.. ;
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'5. SHIELDING EVALUATION

5.1 Discussion and Results
,

The design of.the radiation shield for the Titan is described-
in Appendix 5.5-A. The shield has been optimized with respect e

to its weight. The method for generating the shield is e

described in appendix 5.5-A. ]
The Titan is designed for the maximum radiation fields listed !
below:

i) 200 mrem /h on contact with the surface of the unit; I

ii) 50 mrem /h 50 mm from the surface of the unit- '

iii) 2 mrem /h 1 m from the surface of the unit.
The critical requirement is li). Satisfying this requirement 3

means that the other two are satisfied as.well. 3

The design of the depleted uranium shield is described in
Appendix 5.5-A. The results of the radiation surveys are
found in Table 5.1. For normal conditions of transport) the .

maximum field on contact with the surface was found to be 190 .

mrem /hr and the maximum transport index was found to be 2.6. j
These fields are within the regulatory limits for transport. ;

) Following the tests for accident conditions'of transport, the
shifting of the radiation shield resulted in a maximum
radiation field of 1500 mrem /hr on contact, when the survey -

,

results are extrapolated to 120 Ci. (The actual radiation
survey was done using a 72 Ci source.[5]) This is equivalent
to a field of about 19 mrem /hr, 1 meter from the surface.
This is significantly less than the 1000 mrem /hr allowed by - >

the regulations. r

As mentioned earlier, the Titan failed the 50 mrem /h'
requirement and new shields are being fabricated. An i

additional 0.7 kg (1.5 lb) of shielding will be added. This i
will decrease the values of Table 5.1 by a factor _of 2.

-!

.
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Table 5.1 Summary of Maximum' Dose Rates (mrem /hr) |

~

Package Surface 3 feet from Surface of i
Package ;

L

NORMAL. Side Top Bottom Side Top Bottom
CONDITIONS t

Gamma 190 175 145 1.5 2.6 1.9 ,

Neutron 0 0 0 0 0 0-

Total 190 175 145 1.5 2.6 1.9

HYPOTHETICAL Side Top Bottom Side Top Bottom
ACCIDENT
CONDITIONS i

Gamma 1500' 420 200 19 6.1 2.6

Neutron 0 0 0 'O O 'O i

Total 1500 420 200 19 6.1 2.6

i

NOTES: 1) The maximum radiation field was observed at the t

1lock assembly. The maximum field on contact with
the side of the unit was:found to be 460 mrem /hr '

and the field on contact with the front of the unit !

was found to be 60 mrem /hr.
2) Values 3 feet from the package were calculated
using the inverse square-law.

i

[

!

,

'

i
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5.2 Source Specification j

i

5.2.1 Gamma Source
'

:

The Titan is designed to transport 120'Ci'of Ir-192 ' all
contained in-the C-990 Special Form. Sealed-Source. For the. I

purpose of this safety analysis report,'one curie Ir-192 is e

defined as the activity needed to produce 0.55 R/h at one ,

meter.
'

The photon energies emitted from Ir-192 are - summarized in
. Table 5.2. 99% of the radiation field is due to photon
energies greater than 600 kev.

,

5.2.2 Neutron Source

Neutron sources are not shipped in the' Titan.

5.3 Model Specification
.

The design of the radiation shield is discussed in Appendix ,

5.5-A.

5.4 Shielding Evaluation

The. radiation shield has been evaluated by radiation surveys l
taken-before and after the tests for' accident conditions of i

transport. The results are found in reference [5] and are ,

summarized in Table 5.1. !

.

I

i
:

|

r

[
,

f

.
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Table 5.2.- GamlBay Decay Source Strength for Ir-192. [17] - j

a
!

:3

192
Ir(73.8318 d) ' ^"ude Elnuons ('"Ir)

77 . (e)-45.2 4 key
Mode: B.(95.4 i %), e(4.61 %)

.t .34857 5 kev etun(kev) (e)(kev) c(%).
spa: 9211.3 Ci/g , , , ,o g,44 3g3, _!

- Prod: lr(n,y); 1920s(d,2n) 61 I10 Om 0.154 i 1l'I

122 165 0.998 0.767 is . i
174 217 1.102 0.562 s

218 4.15
.8

- I.91 s
Photons (192Ir) 219 2.2 xlF -l x 10.s ;

230. 4.07 1.n s i(t)-813 7 kev 236 0.011 <0.009 1

238 10.6 - 4.46 n :

Tmode 7(kev) y(%)i 241 284 2.49 0.882 Je -
'

293 294 0.637 0.217 e
Os L, 7.822 0.027s 295 1.88 0.639 st i

M Lc 8.266 0.076 , '296 302 0.647 0.218 s . !

Os ( 8.904 0.60 4 303 4.52 1.49 e i
Os L, 9.337 0.0083 , 304 0.0003 . <0.0002 g
M L. 9.435 1.64 , 305 1.86 0.608 sr

,

306 312 OL326 0.1063 Je |M L. 9.975 0.0270 is

31f.3Os Ls 10.469 0.63s
362 -

s !DI 3I I74 IU"S 364 375 a01519 0.00412 e *

Os I., 12.213 0.II3 n 390 - 3.96 1.02 s - ' ,

M 13.025 0.317 :s 398 421 0.331 0.081 s ~!
Os 61.485 1.16s 454 . 489 1.88 0.418 e i
Os ( 63.000 2.00s 510 534 1.52 0.290 e
M K.s - 65.122 2.66 r 575 612 0.474- 0.0801 is -

MN 66.831 4.56 n 630 665 0.00035 5.5 n x1E t[8

Os K ( 71.313 0.69 s 690 739 0.00013 1.8 s x 17 . |
8

s
d" #

Os Ks2' 73.643 0.174 7 754 768 6.7 x10 -9 x10 . !
M K,/ 75.634 1.59, 871 885 0.00349 0.000400 s !

*- 4M K,3 78.123 0.415 n 977 1012 ' O.00088 8.9 s x 10 ~;
4

Ts.E2+21%M1 . 136.34347 is 0.181 s : 1041 - 1090 0.00018I l.72 e x10
8 4'tiEl} 177.00s ' O.00737 1364 1378 1.4 x17 -1 x 10 !

t,t.2 +9.1 %M I 201.3805 s 0.455 s i
205.79581 e 3.18 r

'

t E2 . .
219.221 r - 0.0016 .|t{* +E21 -t,ta+5.4%MI 283.2671 s 0.252 se !

Contissout Radiation (192It)-tJ2+1.9%Mi 295.9582 s 28.3s
,

'*E2+ '8* ' (S.)-171 kev;(IB)-0.123 kevE2 si,

t,E2+17%MI 329.348 9 0.0160 m !t,E2 ' 374.5204 s 0.709 n Em(kev) - ( )(kev) . (%)-
to.Ml+E2 416.4714 s 0.667 n

,

tjE21 420.601 7 0.064 e 0 10 A- 0.177 3.54 .

t>E2 468.07151 is 47.7 sac . IB 0.0086 - !

t,E2+1.5%MI 484.6473 s 3.13 e 10 20 A. 0.52 . 3.48
TS 485.60 se ' O.0022e IB 0.0079 0.0$$
t.E2 489.0626 e 0.432 e 20 40 A- 2.03 6.8
T E2 588.5845 s - 4 47 e IB 0.0141 c.049S .,

't>El $93.48 s 0.043t 14 40 100 A 13.1 19.0
t>E2+28%Mi 604.41463 u 8.23 e4 IB 0.031 0.049
t42 - 612A561 si 5.34 e 100 300 A 84 , 44.5 ..

tjE2] 703.867 ' O.0058 ,s IB ' O.040 . 0.025 '

t>E2 884.54i8 8 0.284 e 300 600 A 70 18.0
T E1 1061.55 s 10523 as . IB 0.0053 0.00153 ,S
T E2 1090.01 se 0.0011 , 600 669 A 0.74 0.119 -S 4

#
ta 1378.05 s 0.0016 e IB 3.5 x 10* 5.7 x 10 - ,

t uncert(syst): 3.1% for e,0.47% for d. -!
-!

-

P
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v 5.5 Appendix s

,

This section contains the following: ,

Appendix 5.5-A: Design of the Radiation Shield !
;
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K). .

Design of the-Radiation' Shield'Appendix 5.5-A
. .

INTRODUCTION

The shielding for the Titan Gamma Radiography Exposure Device
was designed to meet the requirements of ANSI N432-1980, .
Radiological Safety for the Design and- Construction, of
Apparatus for Gamma Radiography with a source activity:of 120
Ci (4.44 TBq) Ir-192. (One curie Ir-192 is defined.as the
activity needed: to produce 0.55 R/h' at one meter.) The..
maximum allowable exposure rate at 50 mm from the surface for
a Class P Exposure Device is 50 mrem /h. Although three field
measurements are described in the standard, the field.at 50 mm
is the worst case. That is, if the dose equivalent rate is
less than or equal to 50 mrem /h at.50 mm, the field will~be
less than 200 mrem /h on contact and less than 2 mrem /h.at.1 m
from the surface.

PRIMARY SHIELDING

3Depleted uranium (DU) with a mass density of 18.4 g/cm is
used as the shielding material. (The actual DU' density is a
nominal 18.6 g/cc.) The thickness of DU needed to reduce the
dose equivalent rate to 50 mrem /h at 50 mm from contact is
determined from the equation:

2 2 2
''

3X a,,,= 120Ci*550 mrem * (100 f x ) *exp(-4.25t + 0.63t _ O.0556t )3

hCi.

distance' between the source point andwhere: x =

field point.

exp(f(t)) represents the transmission of Ir-192=

radiation in DU

the field 50 mm from the surface '(50-X a,,, =
3

mrem /h)

The transmission function used in this equation is verified by
direct comparison against published transmission curves [eg.
ICRP 33] and a Microshield 4.0 generated transmission curve..
The transmission factor takes into account the build-up
factor. The use of the inverse-square law is justified since
the distance - ' to the field point is large relative to - the
source dimensions. A comparison between the generated' equation
and these transmission curves is provided in Figure 1.-
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- Let the origin of the xy plane _be defined as the. geometric
centre of the S tube. Initially-the xy plane is defined in

~

the vertical plane. The thickness of'DU is calculated for
- field points with a resolution of- 3.5* from. 0* to

approximately 180*. This results in 51 data points to which'
a function is fit using cubic spline interpolation.. .The y. ,

axis is then rotated 5* about the x axis and.this process is
.

continued until the original xy plane has been rotated through
180a. A surface is then fit to these 36 cubic splines forming
half the primary shield.

'

This method of- shield generation created. wiggles (ie.
discontinuities) at several locations on the shield surface
thus making the shield unmanuf acturable. These discontinuities
were removed by regenerating the cubic. splines while ignoring !
the data points in the area of.the discontinuity. Further' ~|

~

wrinkles were removed by grinding the pattern.
'

'

Ir-192 decays via electron capture and beta emission. The
resultant energy spectrum is rather complicated. Although the '

gamma photon. spectrum ranges from approximately'200 kev to
almost 900 kev, the most significant gamma photons are those-
with energies greater than 600 kev. Their contribution to the
external radiation field is greater than 99%.

The primary shield takes into account the potential variations
in source position. The tolerance in the source position.was

,

assumed to be + 1.6 mm.

SECONDARY' SHIELDING I

Two f actors are used to reduce the. contribution to the' -

exposure rate made by radiation propagating out the S -- tube
duct.

(i) The Ir-192 source cannot 'see' the duct because of tne
source cable and end cable. Any radiation which exits
the duct undergoes multiple scattering. The resultant ,

energy spectrum is highly degraded. Since the exposure
rate is directly proportional to the photon energy and
photon flux, the exposure rate is. reduced accordingly.-

1

,

.5
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Figure 2. Reflection by a Differential Area of Radiation
from a Point Source
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h (ii) The backscattering or reflection of photons is a. problem
of fundamental . importance in radiation' shielding. The
quantities that characterize the reflection probability
are called albedos. A beam of incident photons of energy
E, interacts with a surface under an-angle 0, . and is
scattered at the incremental area dA through a-polar
angle O and deviated through an azimuthal angle'$. (See
Figure 2.) The exposure rate at the field point due to"

this scattered radiation is:

*cos 0, ~ dA oc (E , E, 0, $) } /r2X = {X, - -

where:X,= is the exposure rate incident on incremental
area dA;

E= is the Compton scattered gamma photon, and
is the differential exposure albedo.a=

There is no published data for exposure albedos for Ir-192 1

incident on depleted uranium. The expcsure rate albedo was I

taken to be 1%. (Justification is given shortly.)

Secondary shielding is incorporated in areas where primary
radiation can escape after one scattering event (except in the
areas where the radiation can escape by propagating down the

( tube axis). (See Figure 3.) Primary radiation scattered
- through 130" towards P1 represents the- case where- the.

scattered radiation will 'see' a minimum amount of secondary
shielding (since the scattered radiation has normal
incidence). Assuming 0.88 MeV primary photons (representing
the maximum gamma energy for Ir-192). and pure compton
scattering, the scattered photon energy incident on point P1
will be 0.23- MeV. To maintain a conservative factor,
transmission curves of 0.3 MeV radiation in DU were'used to
determine the thickness of the secondary shielding (13 mm).

The maximum energy of the radiation scattered toward P2 -is
approximately 0.4 MeV. Although this is greater than the 0.3
MeV used to determine the secondary shield, a level of
conservatism is retained due to the obliqueness 'of the
radiation scattered through the secondary shield.

A modest level of justification for this methodology is that
the transmission factor for Ir-192 (at 0.8 MeV)' in 40 mm DU
corresponds to the transmission factor for 0.3 MeV radiationi
in 13 mm DU. (The primary shield thickness is approximately
40 mm.) A relatively large degree of conservatism helps to
overcome the lack of published data for scattering ' albedos-
(Ir-192 on DU).
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RADIATION FIELD SURVEY
>

The maximum dose equivalent' rates allowed at the surface, at- |

5 cm from the surface and'1 meter from the surface for a Class
P exposure ' device are 2 00 ' mrem /h, 50 mrem /h and 2 mrem /h '[
respectively. If a field of 50 mrem /h is measured at 5 cm
from surface, it can be shown using the inverse-square law !

that the maximum contact field will be approximately 140 .

mrem /h and the maximum field at 1 meter from contact will be ;

approximately 1.6 mrem /h. '
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s- 6. CRITICALITY-
;

The Titan does not carry any fissile material. Therefore, the {

-]..

regulations for materials carrying fissile materials do not :
apply. !

:-(
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f\> 7 '. OPERATING PROCEDURES

Operation,. inspection of the Titan is required to be carried i

out in accordance with Nordion specification IS/OM 0090 N990.'
(See Appendix 2.10-B.) |

7.1 Procedures for Loadina the Packace {

The applicable sections of IS/OM 0090 N990 are section 3-4-6
'

" Preparing for Storage or Transport" and chapter 4- ;

" Transportation and Storage." d
i

7.2 Precedures for Unloadina the Packace ,

,

A source changer is used to load and unload the Titan. <

Operators are required to be trained in the source' changing
*

proced0re, which varies between source changer models.

The basic slemento of a source transfer are:
1) Connecting the drive control to the~ spent source e

assembly. (See section 3-4-3 of IS/OM 0090 N990)
2) Connecting one end of the source changer's transfer j

'

hose to ";he exic port.
3) Connecti.19 the other end of the transfer hose to

the empty channel of the source changer.O, 4) Transferring the spent source to the- source *

changer, and locking it in place. -(See section 3-4-
.

4 of IS/OM 0090 N990.) .

|

5) Disconnecting the transfer hose from the source
changer and disconnecting the drive cable from the- , ,

spent source.
6) Connecting the drive cable to the new source.
7) Connecting the transfer hose to the source changer i

channel containing the new source. !
8) Unlocking the new source and transferring it to the |

Titan. (See section 3-4-5 of IS/OM 0090 N990.)
'

9) Preparing the Titan.for transport or storage. (See
section 3-4-6 of IS/OM 0090 N990.) ,

7-3 Preparina an Empty Packaae for Shioment

The Titan is a gamma radiography exposure device, and normally.
contains an iridium source. However, instructions -for

,

shipping an empty Titan are contained in section 4-5 of IS/OM
0090-N990. ;

7-4 Apoendix !

There are no appendices to this chapter.
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! - 8 -ACCEPTANCE TESTS AND MAINTENANCE PROGRAM'-

This chapter discusses the acceptance tests and. maintenance
program for the Titan. The Nordion quality assurance program,
for design and manufacture is' described- in Nordion

.,

specification IN/QA 0224 Z000, which is provided in Appendiv '

8.3-A. (USNRC Quality Assurance Program Approval Number 71-
0703.) Specific technical requirements for the Titan are
provided.in IS/TS 0054 N990, which can be.found in Appendix
8.3-B. Ongoing maintenance is the responsibility of the user.
and the requirements are detailed in IS/OM 0090 N990, which
can be found in Appendix 2.10-B.

8.1 Acceptance Tests
;

!
The manufacture of . the Titan is done in accordance with ;

Nordion Specification IS/TS 0054 N990. This specification |
includes basic. requirements for raw material and component
inspection as well as specific acceptance tests for the
assembled unit. This specification is included in Appendix
8.3-B.

8.1.1 Visual Inspections

. Visual and mechanical inspections are required to be completed.
g during manufacture. In particular, it is ensured that:

i (

1) there is no interference between parts,--unless '

specifically required by the engineering drawings;
2) all fasteners are installed; and,
3) all safety features are i.1 place.

!

These requirements are detailed in IS/TS 0054 N990. (See
Appendix 8.3-B.)

8.1.2 Structural and Pressure Tests

Inspections and tests ensuring the structural integrity of the
Titan are an integral part of the . manufacturing process.
Critical materials, components, welding supplies, fasteners,
etc. are all subject to the requirements of IS/TS 0054 N990.
Welds are inspected using a dye penetrant procedure.
Materials certificates are obtained for critical components
and mechanical inspections are completed prior to assembly..

There are no pressure tests since the Titan is not a sealed
package.

L
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t
\~- Should any component fail'an inspection requirement, and the

part is to be.used in a production unit, disposition is given
in accordance with section.6-1 of IS/TS 0054 N990.

.

8.1.3 Leak Tests
,

The Titan is not a sealed . package and no ' leak tests are
required.

,

The containment system for the unit is'the C-990 Special Form
capsule. (See the discussion of. Chapter 4 . )- It is
manufactured in accordance with Nordion Specification IS/TS'
0010 C000, which is found in Appendix 8.3-C.

8.1.4 Component Tests

8.1.4.1 Valves, Rupture Discs and Fluid Transfer Devices
,

The Titan does not include any valves, rupture discs or fluid
transfer devices. Therefore, this section does not' apply.

8.1.4.2 Gaskets j

The Titan does not include gaskets. Therefore, this section
r- does not apply.
N ,g

,

'
)

8.1.4.3 Miscellaneous

The Titan is designed and has been tested to demonstrate i
compliance with all requirements for safety and use prescribed
by the regulations. The Quality Program . governing the
manufacture of the-Titan ensures that it is manufactured'in
accordance with the prescribed requirements. There are no
additional components affecting the safety of the unit that
have not been considered in the technical specification.

8.1.5 Tests for Shieldina Intearity '

Radiation shielding tests and their acceptance criteria are
discussed in section 6-8 of IS/TS 0054 N990.
8.1.6 Thermal Acceptance Tests

There are no thermal acceptance tests for the Titan. See -

Chapter 3 for a full discussion of the thermal characteristics
of the Titan.

|
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\- '8.2 Maintenance Procram (
Maintenance is the responsibility of the' user. -Maintenance. ;

requirements for the Titan are described in chapter 5 of IS/OM.
0090 N990, which is found in appendix 7.4-A. .f

8.2.1 ~ Structural and Pressure Tests

The annual maintenance procedure includes a visual inspection
,

of the external surface of the unit. .(See IS/OM 0090 N990.)

There are no specific requirements for pressure testing as the
,

Titan is not a sealed package.

8.2.2 Leak Tests ,

There are no specific requirements for leak testing as the
Titan is not a sealed package.

8.2.3 Subsystem Maintenance '[

Maintenance requirements for the C-990 and the Titan are
discussed in chapter 5 of IS/OM 0090 N990.

8.2.4 Valves, Ruoture Discs and Gaskets
i,

t
'~

{The Titan does not include any valves, rupture discs or
gaskets. This section of the regulations does not apply.

8.2.5 Shieldina

Routine radiation surveys are required to be completed' daily, i

(See IS/OM 0090 N990.)
;

8.2.6 Thermal

There are no specific thermal tests 'for the Titan. (See
section 8.1.6.)

i

8.2.7 Miscellaneous

Not applicable. (See section 8.1.4.3.)

8.3 Appendices
,

This section contains the following appendices:

Appendix.8.3-A'IS/QA 0224 Z000 rev. A
Appendix 8.3-B IS/DS 0054 N990-rev. B
Appendix 8.3-C IS/TS 0010 C000 rev. C
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' QUAUTY ASSURANCE IN/QA 0224 Zoot

1 SCOPE 2 APPLICABLE DOCUMENTS ]j
.( This Quality Plan describes the activities associated with

the design, fabrication, assembly, testing, maintenance, 2-1 NordionInternationalInc.QualityAssurance .

repair, modification, and use of Nordion radioactive ProgramIN/QA 0248 2000'

material (RAM), transport packaging. It identifies the
;activities, responsibilities, and action necessary to ensure 2-2 NordionInternationalInc.QualityAssurance.

that a transport package meets all regulatory, customer, Program for Delivery of a Type B Radioactive Material .-
and Nordion Quality Assurance Program requirements. Package to a Carrierfor Transport IN/QA 0120 F000 1
This Plan also applies to the activities of Nordion ;

suppliers of transport packaging or components. 2-3 IAEASafetyStandards,SafetySeriesNo.6
'

Regulaticnsfor ihe Safe Transport ofRadioactiveMaterial . -

1985 Edition (As Amended 1990)
1

2-4 1AEA Safety Standards, Safety Series No. 37
Advisory Materialfor the IAEA Regulations for the Safe |
Transport of Radioactive Material (1985 Edition)

;
.

2-5 US-NRCRegulatoryGuide7.10,EstablishingQuality !
Assurance Programsfor Packaging used in the Transport of :
RadioactiveMaterial ' '

2-6 US-NRC Regulatory Guide 7.9 Siandard Format and i |
Content of Part 71 Applicationsfor ApprovalofPackaging of
Type B, large Quantity, and Fissile RadioactiveMaterial

2-7 _ US-NRC Regulation 10 CFR 71 Packaging of j

RadioactiveMaterialfor Transportation and Transportation }
of Fadinah Materials Under Certain Conditions .|

:j
2-8 Transport Packaging of Radioactive Materials .

|
Regulations, Canada AtomicEnergyControl Act, j
SOR/91-304,May 9,1991

2-9 InternationalStandardISO9001 Qualitysystems- ;

Modelfor quality assurance in design /developnent, i
production, installation and servicing ^ .|

.|

,

|

O
.
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QUAUTY ASSURANCE IN/QA 0224 Z000

3 QUALITY POLICY 4 ORGANIZATION
b\
vt is Nordion International Inc. management's policy

that this Quality Plan complies with Nordion's Quality 4-1 Structure and Authority
Assurance Program. The Quality Plan is used to ensure
that the specified requirements of transport packaging

This section describes the Nordion organizadon for
quality-related activities.The structure of the

for radioactive material comply with pertinent
regulatory requirements. This Plan defines the standard organization is shown in Figure 1. Responsibility

operating practices that presenbe the measures used t assignments for each function involved in quality

control the activities affecting the radioactive material -related activities for transport packages are described
below:

transport package quality. It establishes a documented
system of management controls that provide confidence President, Nordion International 1nc.
in the quality of all associated work activities.

The President has the primary responsibility to ensure .

that the Quality Plan conforms to the Nordion Quality
Assurance Program including the principles set out in
the Nordion Quality Commitment.

Vice-President,IndustrialIrradiation Division

The Vice-President is responsible for establishing and
maintaining a Quality Assurance Program for RAM
transport package used for the Division's pmducts. He
is also responsible for adhering to the requirements of
applicable codes, standards, regulations, and of the
customer.

Vice-President, Isotope Products Division

f
( The Vice-President is responsible for establishing and

maintaining a Quality Assurance Program for RAM
transport package used for the Division's products. He
is also responsible for adhering to the requirements of
applicable codes, standards, regulations, and of the
customer.

Vice-President, Human Resources &
Operations' Sernces Division

The Vice-President is responsible for ensuring that the
Nordion Quality Commitment is reflected in
company-wide policies and procedures that help to
ensure the ssfety of the workplace, environment, and the
products. In addition the Vice-President is responsible
for the development and maintenance of the Nordion
Quality Assurance Program.

Manager,QualityAssurance

The authority for tlie administration of the Quality
Assurance Program is delegated to the Manager, Quality
Assurance, who reports to the Vice-President, Human
Resources & Operations' Services

Manager, Safety, Environment & Regulatory
Affairs

The Manager, Safety, Environment & Regulatory Affairs
+

mports to the Vice-Pmsident, Human Resources &

92 June 3 of 13
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i

Operations' Services. The Manager is responsible for packages to procedure, and for control of allloadingD ensuring that the RAM packages comply with the processes. This includes work instructions, production ~
,

'V pertinent regulations, and that they are safely handled staff training,and the maintenance of the packaging.
and maintained. 'Ihe Manager is also responsible for

,

verifying that all regulatory submissions for RAM Quality ControlTechnician. ,

t

transport package certification are accurate and Reports to the Manager, Cobalt Operations with the
complete. In addition, the Manager coordinates the responsibility of ensuring that quality control functions :
communications between Nordion and the competent are carried out properly,
authorities.

Manager,IsotopeProduction
Manager, Engineering Services

.

y
The Manager, Engineering Services reports to the Vice-President Isotope Products Division. The ManagerVice-President, Industrial Irradiation Division and is is responsible for maintaining the Quality Plan for all ,

responsible for assuring that Nordion's radioactive RAM transport packaging loading and loading facilities. -

material transport packages are designed, specified and The Manager is also responsible for the Isotope
tested to meet the regulatory and quality requirements. Products container management system. The system '

The Manager is also responsible for maintaining and ensures that shipping, inspection and maintenance
enforcing a Quality Plan for the aetivities under that pmcedures are followed.
Manager's control.

Manager, Vancouver Operah.ans
Manager, PackageEngineering

The Manager, Vancouver Operations reports to the
The Manager, Package Engineering reports to the Vice-President Isotope Products Division. The Manager
Manager, Engineering Services. The Manager is is respcasible for maintaining the Quality Plan for all
responsible for the design of Nordion's radioactive RAM transport packaging loading and loading facilities
material packages and ongoing technical support. The at Vancouver.The Manageris also responsible for the .

Manager is also responsible for the establishment of the maintenance of RAM transport packaging.-p Quality Plan. ,

Manager, Isotope Products Qua'lity Control
# " "##

The Manager, Isotope Products Quality Control reports
The Project Engineer reports to the Manager, Package to the Vice-President Isotope Products Division. The

- >

;
Engineering, and is reponsible for design projects from Manager verifies that the Isotope Products container' - '

inception to completion. This includes the preparation of management system effectively complies with this
specifications, manufacturing requirements, and testing Quality Plan's requirements.

;

' E"''
Director, Industrial Sales & Service

#"#8"' " "#
The Director, Industrial Sales & Service reports to the

The Manager, Purchasing reports to the Vice-President, Vice-Pmsident, Industrial Irradiation Division. For this
Finance. The Manager is responsible for maintaining a Quality Plan the Director is msponsible for clearly
Quality Plan that manages material and service - communicating specifications to the customer. Special or' .
suppliers so that externally manufactumd RAM custom use of RAM transport packaging requires that . . ,
transport packaging meet Nordion's specifications. there be adequate contact between Nordion and its 1
Manager, Cobalt Opemtions customers to clearly convey needs and capabilities.

:

The Manager, Cobalt Operations mports to the M#"#8"' "8###""O#*N# '

Vice-President Industrial Irradiation Division. The
,

The Manager, Customer Service reports to the Director,
Manager 1"esponsible for maintaining the Quality Plan Industrial Sales & Service. The Manager is responsible

<

for all RAM transport packaging loading and loading for ensuring that Industrial Irradiation Division's RAM
,

facilities. The Manager is also responsible for Quality transport packages used in the field, are properly
Control of all RAM packaging and components. checked during both source loading and unloading.
Manager, Source Production Also, that the packages comply with all regulatory

requirements associated with use m, that location.
The Manager, Source Production reports to theO Manager, Cobalt Operations. The Manager is
responsibleforpreparing forshipment RAM transport

i

i
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4-2 Managernent Review d) retraining is on an established predetermined

(oL; frequency.
4-21 -Quality Assuranceisresponsiblefor
developing, implementing, and internally auditing, the
application of quality assurance within the 5 Quality Elements
organizational units at Nordion, and reporting the audit
results to line management, senior management, and the This section describes the procedures and methods that
President, govern activities affe<.<ing quality. It tells how quality is

achieved; conformance controlled and verified.

4 2 2 -Arough the Vice-President of each
organizational unit, senior management regularly 5-1 Contract Review
reviews the quality system, related policies and specific
procedures to ensure their effectiveness and compliance RAM transport packaging is used to transport Nordion
to codes, regulations and standards. In addition, they products to customers.The transport packaging
assess the results of all internal and external quality requirements are based on the type of radioactive

audits. material, activity, containment, and the specified
quantity of material. It is the responsibility of Sales to

4-2-3 -At a mirumum, senior management conducts a see that contracts meet the speci"ed requirements.
yearly review of Quality Assurance Programs to inform Authority for selection of transport packaging is through
the cogruzant Vice-Presidents and the President of the operatinggroups.
significant conditions adverse to the adequacy and Proposed uses of transport packaging which may not
effectivenessof theprograms. meet the specified requirements are referred to the

Manager, Package Engineering for review with
4-3 Training cognizant Managers. Each nonstandard application is

reviewed for its capability to meet the standard, code,
4-3-1 -Nordion defines training requirements for all and regulatory requirements and regulatory approvalis

/' key roles affecting safety of RAM transport. Actual obtained before use of any unapproved packaging
training is tracked against requirements including combinations.
technical knowledge, control of process, specific skills
and general theory in quality issues, safety, and Any changes requested by the customer are referred to

company policies. the Manager, Package Engineering for reevaluation.

4-3-2 -Detailed instruction for the carrying out of 5-2 Design Control
training is provided in each Division's at Mr.fstrative
procedures. The significant requirements e Procedures are in place to control and verify that the
summarized below: RAM transport packaging design complies with all

spdied requirements. Procedures are in place for the
a) all personnel involved in the transport of * c ation, documentation,and appropriate review

radioactive matedal receive training in ad e royalof drawingsandspecifications.
radiation safety and transport regulations, N;;rv tringServicescontrolsdesignchanges inthe

.nanner as the original documentation.
b) spectfic qualification, training, and certification

requirements are determined on an individual 5-2-1 Design Planning and Activity Assignment
basis by line management. This detemunation -Written plans are prepared for design and verification
is based on: the type of work, potential effect on activities for each new or modified RAM package design
quality, and the applicability of codes, at project initiation. The Manager, Package Engineering
standards or regulations, assigns the project to qualified personnel equipped with

the resources necessary to prepare a fully compliant
c) the line managers are responsible, with Human design.

Resources, for maintaining records of staff
selection, qualification, certification, and Each plan contains reference to:

trainmg. They also provide for the necessary a) designinput needs,
training, and evaluate needs during staff
pedonnance reviews. b) :4dioactive material transport packaging

specification,

6 of 13 92 June
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c) applicable codes and standards, c) show design analysis in sufficient detail to

0~ d)
allowverificationof theadequacyof thedesign

planned verification and design review,(a and conformity to appropriate regulatory
minimum of two reviews exists - concept and requirements whether or not these have been
final review), stated in the Design Plan,

'

e) identification of organizational and technical d) identify design characteristics that are crucial
interfaces, to the safety and function of the radioactive ;

material transport package and if required, a
f) list of personnel to be kept informed and/or to detailed safety analysis of the design,

approve documents. -

e) include a licensing application submission in
The concept review includes input from intemal suitable detail to meet requirements of
customers and others who are involved in the regulatory guidelines, (see regulatory section
management of RAM transport packaging. 5-5).The extent of the analysis and testing

'

chosen must be appropriate to prove the
5 2 2 Design input-The Project Engineerverifies validityof thedesign.
design input requirements for adequate identification
and documentation. Design input verification involves, O include engineering drawings,
butis notlimited to:

'

a) performance and functional criteria,'

5-2-4 Design Verification -Designs and associated
b) applicable codes and standards, design documents are reviewed to ensure that they meet

specified design requirements. Design verification is
c) regulatoryrequirements, performed by qualified staff using design reviews i

and /or testing. The Manager, Package Engineesing

Od)
emaronmentalconditions, determines the extent of verification required. This -

.

"

decision is based on complexity, novelty, degree of
e) documentation, training, maintenance and .tandardization, and safety implications. The Design ;

inspection plans, Plan identifies the verification requirements. All
verification activities are documented. The nature of the

f) the need for Special Form Material Certification verification process must conform to applicable codes [for the sealed source if initial evaluation of and standards.The processinvolves: ;
radioactive material transport
packaging / device or sealed source / packaging a) qualification testing or comparison review fcombinationsindicate a need. according to applicable IAEA standards and

competent regulatory authority regulations.
Incomplete, ambiguous, or conflicting requirements are FA-qn wts, procedures, data, assumptions, !

resolved by the Project Engineer with the responsibility and results are documented and filed. Results
for drawing up the requirements. are evaluated against specified acceptance j'

,

criteria. The conclusions of the tests or5 2-3 Des!gn Output-Design output is documented
and expressed in terms of requirements, calculations, comparisons are recorded and filed in the a

'

tests, and analysis. The design output shall: transport package engineering files.

b) design review by qualified persons other thana) meet the designinput requirements,
those who executed the design.The

1

b) containresultsof testscompletedor reasoned independent reviews determine if the design

argument that the RAM transport package methods are appropriate and correctly applied.

meets test deria. The reviewers verify that the assumptions and
'simplifications used are justifiable, and the

design interfaces are properly addressed.
Reviews are conducted before design release.

O 'Ihey are documented, and include decisions
on actions requested.

. 92 June 7 of 13 '
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i
5 2-5 Design Changes f) manufacturing procedures covering Nordion j

[ requirements for welding, fitting and |
( ne Nordion design change system is used for the machining, surface finish and cleanliness, lead

control of drawings and supporting documentation. A pouring and bonding, and painting. i

request for changes to the design of RAM transport |
packages are initiated by a written Design Change g) nonconformance and corrective action as in j
Request to the Manager, Package Engineering for Supplier Quality Guidelines, Nordion Quality i
acceptance. All changes to the design of RAM transport Assurance Manual,
packages are reviewed by the Project Engineer. The
proposed changes are also reviewed and approved by - h) inspection requirements,
the Manager, Package Engineering; Manager, Quality
Assurance; Manager, Cobalt Operations; and/or 1) tests for welds, mechanical. lead bonding,
Manager, Isotope Production.The Project Engineer radiation shielding, and leakage testing,
documents the change description, the reasons for it,
and theimplications. The method and extent of the j) requirements for supplier history file,
design venfication are dependant upon the extent and

,

nature of the changes. The Project Engineer identifies the 5-3 Document Control '

necessary recipients of the revised design documents.
An advance notice of an impending revision is made by Documents and data that relate to the needs of the
the issue of an Engineering Change Notice. Quality Plan are controlled according to established >

procedures.
5 2-6 TechnicalSpecification

Each cognizant group manager is responsible for

The Technical Specification is an integral part of the ensuring that filing, recording, storage, retrieval, and

design documentation. It establishes the technical issue of radiative material transport package
requirements for manufacture, assembly, inspection, test documents is according to the Quality Assurance

and delivery for each model of transport packaging.The Manual procedure for Document Control. RAM

h Specification defines: transport package documents are typically design
V documents, procedures, specifications, procurement

a) applicableengineering drawings, documents, test results, design reports and changes, and
QA documents used in RAM package design projects. '

b) applicablestandards, Nordion procedures for document identification and
control apply. Technical Specifications are controlled by

c) Nordion specifications and procedures, Engineering Services in the same way as drawings. A
master list is in place to identify the current revision of

d) quality program standards and codes required drawings, Technical Spectfications and procedures.
for manufacture. He manufacturer's quality Documents are stored in secure areas such as: Central
program is subject to International Standard Records, Technical Specification and drawing vault.
ISO 9002 or GA Standard Z299.3-85, and the '

following system functions from GA Standard 5-4 Procurement Control
Z299.2-85:

,

5 41 -Policy and Procedures are in place to ensure1. Handling and Storage
that the purchased RAM transport packaging,
components, materials, and services conform to

"*

specified requuements. Rese requirements are outlined

3. Corrective Action in Technical Specifications prepared for each mcrdel of
.

RAM transport packaging type. t
,

The code requirement for welding and welder
qualification is ASME BPV Code Section IX, 5 4 2 -Suppliers are selected based on their abili'Y to

.

meet the quality requirements. The review is initiated by '

e) requirements for inspection and test the Manager, Purchasing with the participation of QA *

documentation according to requirements of and Package Engineering personnel. Measures are in
CSA Standard Z299.3-85 or1509002, place, through purchasing and QA policies and

[ procedures, for the evaluation, selection and approval of
% suppliers. He supplier selection must be made from

8 of 13 9Nune
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in Technical Specifications prepared for each model of e) requests for disposition of nonconformances ;

'IAM transport packaging type. must be submitted to Nordion's purchasing i

department in writing. The Matenal Review
5 4 2 -Suppliers are selected based on their ability to Board review requests to determine the ,

meet the quality requirements.The review is initiated by disposition of the nonconformance. Repairs are
the Manager, Purchasing with the participation of QA always reinspected to requirements decided by
and Package Engineering personnel. Measures are in the MaterialReview Board.
place, through purchasing and QA policies and
procedures, for the evaluation, selection and approval of 5-5 Regulatory :suppliers.The supplier selection must be made from
Nordion's approved vendor list. If a new supplier is to 5 5-1 -The Manager, Safety, Environment &
be selected, they are to be approved following Quality Regulatory Affairs is responsible for ensuring that all
Assurance procedures. Suppliers are subject to periodic regulatory requirements are identified and met.
audits by Nordion QA to verify their continuing ability
to carry out quality requirements. 5-5-2 -TheManager,PackageEngineeringis

responsible fer ensuring that the design of the RAM
5 4-3 -It is the responsibility of the Project Engineer to transport package meets the applicable requirements.
ensure that the purchasing documents clearly describe This includes the performance of test c5 comparison to
the material required.The key document for the existing designs.
information necessary for manufacture is in the .

!

Technical Specification, (see section 5.2.6). 5-5-3 -Notwithstandingnationalcodes, standards,
and regulations, the standard for design of a radioactive

5 4-4 -Each order for a transport packaging requires material transport package is: IAEA Cafety Standards, *

certain control activities and records, specifically: Safety Series No. 6 Regulationsfor the Safe Transport of i

RadioactweMaterial1985 Edition (As Amended 1990)
a) purchase requisitions are reviewed by Quality

;
Assurance for adherence to the quality 5-5-4 -All new RAM transport package designs must
assurance procedures, and requirements, be evaluated to the applicable requirements. The

evaluation is part of a safety analysis submission to the
b) selected suppliers are on Nordion's approved pertment authorities. No packaging design can be used

vendors list or qualified by audit or before the evaluation is complete and a license has been
'

independentinspection,
issued. The Project Engineer is responsible for preparing

,

an application for each new or modified RAM transport F

c) suppliers' Inspection and Test Plans are packagedesign.
reviewed and approved, before manufacture,

;
by Project Engineer and Manager, Quality 5-5-5 -The application for certification of a radioactive

'

Assurance. mater ial transport package includes at least the i

followmg: 6

d) on completion of finalinspection the supplier i

sends a Quality Assurance Release Form and a) package description detailing radioactive
supporting documentation to the Manager, contents, containment system, shielding, and -

#

Quality Assurance who forwards the form to operationalfeatures,
the responsible Quality Control group for
verification. Incoming inspection is performed b) structural evaluation including but not limited
according to the Inspection and Test Plan and to:

,

results noted on the Quality Assurance Release
Form. The completed form is sent to the 1) structuraldesign I

Manager, Quality Assurance who signs off if
theinspectionis satisfactoryand * design criteria referencing requirements
manufacturing history file complete- for packages as in IAEA Safety Series 6

* mechanicalpropertiesof structural #

materials ,

weights and centres of gravity 'a

2) general requirements for packages such as: r
?
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lifting devices Inspection and Test Plan approved by Nordion's Projecte
g

. [,v) . closuremethods Engineer and Manager, Quality Assurance,

. tiedowndevices New suppliers or changes to existing production

. loadresistance methods must be approved by Nordion Quality
.

. externalpressure Assurance in conjunction with Package Engineering, the'
mgnizant Pmduction gmup,and Purchasing.. chemicaland galvanicreactions
Confinnation testing of their incoming RAM transport -

3) requirements for Type B packages: Packaging or components is carried out at Nordier. -
irrespective of inspections completed by the supplier.

. loadresistance These tests are normally performed on three separate
prod uction lots before full acceptance of the supplier's

= extemalpressure Quality Assurance Program if warranted by frequency
f rdering. Acceptance is based on Nordion tests and4) conditionsof transport,

auditof thesupplier'sQuality AssuranceProgram.

c) accident analysis, based on IAEA or national Quality Assurance maintains continual surveillance of

competent authority regulatory requirements, an active supplier.

Incoming inspection is usually carried out in the
d) overviewdrawm, g, following manner:

e) Specal Form evaluation, as applicable, a) Purchasing, Stores checks that all incoming
material reference the proper Purchase Order

O test results, and/or comparison evaluations, number. Stores confirm that the quantity h
correct, and the paperwork is with the t

5-6 Inspection and Maintenance Package. Stores notify the Quality Control
representative for Isotope Production or Cobalt

O 5 61 Inspection Plans 'Ihere are written plans for Operations that the material is in Stores.

V inspections performed during the life cycle of RAM
b) Upon receipt, the Quality Controltransport packaging. These plans outilne the type of

inspection or testing to be undertaken. For each RAM representative for Isotope Production or Cobalt

transport packaging type an inspection and Operations examines the packaging and

maintenance plan is prepared. The plans include, as components or materials usmg appropnate

applicable: Inspection and Test Plans,

c) Mrst-off inspection is done by the cognizant .a) new packaging first-off inspection and ,

acceptance requirements, Quality Control group. Test results are
submitted to the Project Engineer, Manager,

b) periodic inspections after shipment, and before S urce Pmduction,and Quality Assurance for
approval.reuse,

c) annualinspection and maintenance, 5 6 3 In-process inspection-The supplier of RAM -
packaging or critical packaging components must show.

d) inspection and maintenance checklists, with written procedures and documented test results
that the process meets the requirements.

e) instructions for special tests such as: leak
testing, pressure tests, shielding tests, etc., In use packaging is periodically inspected to the

appropriate Maintenance Procedure by Cobalt
O quality records to be kept. Operations or Isotope Production, depending on

ownership of packaging.
5-6 2 incoming Inspection-RAM packaging and Customer Services (Installation) including Nordion .

components are inspected to the established quality agents follow IN/QA 0120 F000 Quality Assurance !
level in the applicable Technical Speafication for the Program for Deinery of a Type B Radioactive Mafcrial )(~ packaging. Inspection and testing during manufactur*

\ are carried out by a qualified suppher using the Package to a Carrier and pertinent installationinstructions. j

l
10 of 13 92 June i
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5-6-4 FinalInspection-Finalinspectionof the audited annually by Quality Assurance to verify that
ackaging is completed by the supplier following proper practices are in place and maintained.

mspection and test plans appmved by Nordion.
5-7 2 -Allloaded RAM transport packages are

5-6-5 Inspection, Measuring and Test Equipment checked before shipment following established
-All measuring and test equipment used for controlling procedures. These include Preparation for Shipment,
processes and verifying product quality is calibrated and User's Instruction Documentation. The shipping
against certified equipment having a known relationship documentation is also reviewed, transport index
to national standards. If no standard exists, accepted determined, and the package labelled.
values are derived from accepted values of national
physical constants. 5 7 3 -Carriers are provided with a Nordion guideline

information booklet and must be certified by training in
The calibration of inspection and production measuring Transportation of Dangerous Goods (Class 7) to meet
and testing equipment it the functional responsibility of Canadian transport regulations.
the Cobalt Operations and Isotope Products Quality
Control groups. The calibration of radiation monitoring 5-8 Nonconiormance Control and
equipment is carried out by Safety, Environment and CorrectlVO Action
Regulatory Affairs. Calibration procedures exist for each
type of measuring and test equipment, and include: Following the procedures in the Quality Assurance

a) Equipment Description Manual, disposition of nonconforming material is. .

reviewed and the activity recorded. The system requires

b) Identification Number that the disposition of nonconformances be requested in
wnting. De responsibility for review and the authority

c) location f r disposition rests with the Material Review Board
(MRB). The membership of the MRB consists of

d) Calibrationinterval representatives from:

O - Cobalt Operations for Industrial Irradia tion Divi-
'

e) Calibration check method sion,

f) Acceptancecriteria -Isotope Production for Isotope Products Division,

g) Action to be taken when results are not - Quality Control representative from the appropri-
satisfactory. ate Division,

i

Records of calibration status are maintained in the -Quality Assurance,
appropriate equipment files.

Manufacturers of packaging and components are - Package Engineering,

required to maintain calibrated equipment to specified
standards. Verification is through Nordion Quality Jurchasing.
Assurance audit.

Nonconforming material is reviewed for disposition as:

5-7 Handling, Storage, and Shipping - to its integrity if reworked to the specified require-
ments with reinspection, .

5-7-1 -he Project Engineer identifies,in the Technical
Specification, the requirements for handling and storing, - to acceptance as-is,
and the critical functions where abuse and misuse may
result in damage or deterioration of packaging or - to rejection and scrapping.
components. Cobalt Operations and Isotope Production
maintain procedures for safeguards against damage. Description of the nonconformity, and action taken is
Storage areas have access restricted, and special recorded and maintained in the Unit History File.
handling equipment is used. Areas and equipment are

Cobalt Operations or Isotope Production management,
( depending on ownership, reviews maintenance reports ;

\ annually or more frequently if there is a need. The j
i
l

D2 June
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5-9 Quality Records 5 9-2 -Recordsaremaintainedinclimate-controlled, j
secured areas with limited access at Nordion.

5 9-1 -Records are maintained to show that the
specified quality requirements were met, and the quality 5-9-3 -Retention periods set for Quality records ;

!system operates correctly. Pertinent supplier quality relevant to RAM transport packaging are:
records are an element of these data.The nature of the
quality records is identified in the manufacturing plans. a) RAM transport packaging
These records are maintained as a Unit History File for -
each radioactive material transport pekaging run. As a - Permanent, Gife of packaging) history files
minimum, the following records form a Unit History
File: b) Design records

;

a) Table of Contents - Permanent,(life of packaging + 15 years)
|

b) Supplier History File for components used, c) Procurement records
i

including, but not limited to:
- Permanent,(life of packaging) '

- Nordion QA Release Form, .

d) Qualitycontrol records ,'

-Inspection and Test Plans, |

-completed inspection records,
e) QA Programs

-list of drawings and specifications used,

- copies of Deviation Disposition Requests (DDRs)
Details of retention periods for specific records are

O_
- Certified material test reports, detailed in the Quality Records procedure in the Quality

AssuranceManual.
-Certified NDE reports,

5-10 Audits
- Welders' qualification certificates,

'

5101 -Internal audits are performed by, or under the
- radiation survey data and film. direction of, Quality Assurance. The audit team

members are selected by the Manager, Quality
c) reference to Manufacturing Plan used, Assurance.The members are appropriately qualified,

and not directly involved with the area to be audited.
d) completed process, inspection, measurement, Thelead auditor is a member of Quality A'ssurance !test records,

trained in audit techniques. RAM transport package
handling and storage is audited annually and the

e) completed copies of Deviation Disposition results are reported to the Executive Management
Requests, Committee.

f) Release for Shipment forms ( normally stored 5-10 2 -Externalaudits of the manufacture of
in the Unit History File), transport packaging are completed annually by Quality ,

Assurance or an independent surveyor qualified by ''

g) Quality Control Checklists for ' empty' Nordion Quality Assurance. A potential new supplier is
transport packagings audited prior to issue of a contract, and a surveillance

(maintained in the Unit History Files), programis established for the first production run or
prototype. A formal report is issued by Quality |
Assurance to the Executive Management Committee,
Divisional Management Committee as well as

r
I

1

!

I

f
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surance to the Executive Management Committee,
' visional Management Committee as well as
rchasing, Package Engineering, and Cobalt

OperationsorIsotope Production.

5-10-3 -All audits are carried out in accordance to
CAN/CSA Q10011-91

/Nv)!

e ,,

w,-
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TECHNICAL SPECIFICATION IS/TS C054 N990

f~ 11 SCOPE 5 REQUIREMENTS
V _

This specification establishes the technical requirements All components as shown on the applicable drawings
for the manufacture, assembly, inspection and delivery shall be fabricated, assembled, inspected, and prepared
of the Titan Gamma Radiography Exposure Device for delivery by the contractor as specified herein. Final

(GRED). acceptance of the packaging shall be dependent upon -
successful completion of all tests and checks specified in
Section 6 of this specification. The Vendor shall maintain

2 DESCRIPTION a close liaison with the Purchaser, or his authorized
representative, throughout all phases of the work.

The Titan is a gamma radiography exposure device
designed to meet the requirements of ANSI 5-1 Code Requirements -
N432-1980.[1] Itis also designed to meet the 1985
requirements for Type B(U) transport packagings.[2,3) This specification is subject to CSA Standard

The Quality Plan for the Titan is described in reference CAN3-Z2993-85, plus the following system functions
[(;. from CAN3-Z299.2-85:

The Titan consists of a titanium S-tube cast within a 1) Documentation
depleted uranium shield. The S-tube contains the C-990
sealed iridium source. The shield is surrounded with 2) Handling and Storing
epoxy foam and contained within a titanium shell.

3) Production
The unit is equipped with several interlocks designed to
prevent the accidental and /or unauthorized exposure of 4) Packaging and Shipping
the radiation source.

5) Corrective Actionq
f'J3 APPLICABLE DRAWINGS The Vendor shall maintain a system of intemal audit

and corrective action to monitor and support the quality

' Nordion shall maintain a list of current drawings and assurance system. Records of intemal audits are the sole

shall submit the list to the Vendor on the date of Property of the Vendor. However, evidence of the audit

tendering documents. In the event that drawings listed Program and a functioning corrective action system

in the contract documents are revised, new drawings shall be provided to the Purchaser upon request.

and a new list shallbe submitted to the Vendor.
However, only the final drawing list shall be included in 5-2 Manufacturing Drawings
the unit history file.(See section 6-9.)

The drawings listed in the contract documents are

If certain requirements or data on the drawings conflict design and reference manufacturing drawings. The
with the requirements of this specification, the Vendor may make his own workshop drawings. Such

goveming requirements shall be at the discretion of the shop drawings shall be submitted to the Purchaser for
Purchaser. approval at least one weekbefore the start of the

component's manufacture. Approval by the Purchaser
of such shop drawings shall not relieve the Vendor from

4 APPLICABLE STANDARDS the responsibility for any errors or omissions therein.

The documents listed in Appendix A form an integral The Vendor shall control drawings, including previous ,

revisions,in a manner that confonns to the requirements
part of this specification, where applicable. They do not,

f CAN-CSA-Z299.2 clause 3.53.however, supersede the requirements of this,

specification. If there is any conflict between this
specification and the listed documents, the goveming
requirements are those specified herein.

p
b
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TECHNICAL SPECIFICATION IS/TS 0034 N990

,/] Storage and Handling of Materials and 5-4-3 welding
t/ Components -

Welding shall be according to ASME BPV Code Section
IX.Storage and handling of all materials and processed

sub-assemblies shall be carried out in a manner that
ensures their positive identification during manufacture The Vendor sha!! submit a detailed welding procedure

and assembly. The requirements of CAN-CSA-Z299.2, f r approval by the purchaser at least one (1) week prior

clause 3.5.12 shall apply. to beginning production.

The materials identification requirements are detailed in Welding electrodes, flux and other materials to be used

Section 6-3 of this specification. It is the Vendor's shall be certified to the applicable specifications.

responsibility to develop packaging and delivery
Welding procedures, based on standards other thansystems m accordance with CAN-CSA-Z299.2 clause

'' '
those specified above, must be submitted for approval at
the time of quotation.

5-4 Manufacturing Procedures
Welders, who shall perform welding for this contract,

5-4-1 Workmanship and who are qualified to standards other than those
specified above, must submit their qualifications for
8PProval.Workmanship shall be of high quality in accordance

with practice pertinent to the manufacture of steel
Unless approved by the Purchaser, local heating shall

structures. The packaging is subject to Purchaser's not be used for any purpose whatsoever. Excessive force
quality surveillance. shall not be used for fit-up or in closing the work.

The Vendor is required to develop manufactunng 5-4-4 Fitting and Machining
esses that consistently meet the specified

p~jements of clauses 3.5.13 and 3.5.14[ As a muumum requirement, the dimensions andL-CSA-Z299.2. tolerances called for on the Purchaser's drawings and on
the approved shop drawings shall be met. All surfre5-4-2 Manufacturing Control Plan and Special Proc-
finishes shallbe in accordance to the finish noted on theess Procedures
drawings and shall be compatible with associated
di"***I "" I ''*"''' "" b 8'

A Manufacturing Control Plan and special process
procedures shall be prepared by the Vendor according 5-4-5 Surface Finish and Cleanliness
to the requirements of CAN-CSA-Z299.2 and this
specification. Two copies of the special process All welded surfaces shall be smooth and shall merge
procedures shallbe submitted for the Purchaser's smoothly into the parent metal. All gouges, scratches, or
approval at least one (1) week prior to manufacture. One other marks shall be removed,
approved copy will be retumed to the Vendor.

. All scale, oxide, weld spatter, oil, chips, and other .
Special Processes m.clude,but are not limited to: foreign material shall be completely removed from all

exposed parts. All surfaces that cannot be cleaned after
1) Welding

assembly shall be free of all foreign material (including

z p,; temporary rust protective coatings) prior to assembly.

Stainless steel and titanium parts shall be processed and
3) Titanium cleaning and handling handled in such a way as to nurumtze contamination by.

iron, grit, lead, halogens, and sulphur. Only clean,
4) Componentidentification

stainless steel brushes, and iron-free gnnding wheels
shaJ be used on stainless steel surfaces. Only clean,
sharp silica sand shall be used for gns blasting. Shot
peening or blasting is not permitted.

O i

All stainless steel parts not identified for painting shall !

be cleaned to an approved manufacturer's procedure. !
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TECHNICAL SPECIFICATION IS/TS 0054 N990

,

The cleaning procedure shall be submitted to the to manufacture. One approved copy of each willbejf-) Purchaser for approval before use. Cleaning materials retumed to the Vendor.
V shau not exceed the following level of contaminants:

Inspection by the Purchaser or his authorized
1) total halogens to beless than 100 ppm representative shall not in any way relieve the Vendor of 4

any of the inspection duties called for herein.
2) total sulphur to be less than 1% by weight

if deemed necessary, the Purchaser shall have the right
3) totaliron to be less than 10 ppm to specify additionalinspection or testing. Such

inspection and testing shallbe at the expense of the -
Titanium parts shall be descaled and cleaned. The Purchaser.
cleaning procedure shall be considered to be a special
process and subject to the Purchaser's approval. All The Vendor shall maintain records of allinspections and
components shall be protected and covered to prevent tests that shall be available for review by the Purchaser
damage, corrosion, and the entry of foreign material. or his authorized representative. It shall be possible to
The Titan shall be supplied with all surfaces suitably trace these records for any unit serial number,
protected against corrosion during shipment and
storage at an indoor, unheated site. The methods of 6-1 Non-Conformance and Corrective
protection for all stages shall be subject to the Action
Purchaser's approval. All components shallbe clearly
marked with their part numbers, and the method of If any part, component, or assembly fails to meet an
marking shall be considered to be a special process. inspection or i n requirement specified herein, and the

Vendor proposes to use the part in a production unit,
5-4-6 Coatings the Vendor shallnotify the Purchaser according to the

requirements of QAP-B-03 Quality Bulletin-Supplier
The primary radiation shield is a depleted uranium alloy Quality Guidelines, of the Nordion Intemational Inc.,
(0.75 % Ti) casting coated with an approved paint. The IndustrialIrradiation Division Quality Assurancen

l coating shall be applied in accordance with the Manual.
- manufacturer's instructions.

The Vendor must obtain written permission from the
Purchaser before any remedial action is taken.

6 INSPECTION, TESTS AND DOCU-
MENTATION l' "**di^i "'*i "' i"d"di"8 "" 'i*'*d "d*5i "' i'S

likely to affect the results of tests or work previously
lC mP eted, appropriate reinspection and testing shallbe

'

The Vendor shall provide all testing and inspection
C8 e rePak,6e mwod, and Mu@

services and facilities except where otherwise specified.
Contml procedures necessary to ensure a satisfactory

'Ihe inspection work shall be under control of a
repair shallbe subject to approval by the Purchaser.

competent chief inspector, whose prime responsibility is
inspection, and who is independent of production. Fulldocumentation of allof the above shallbe

maintained so that nonconformance can be evaluated
The Vendor shall prepare a detailed Inspection and Test and corrected.
Plan, including Inspection Check Sheets and Inspection
Procedures according to the regturements of Reinphn
CAN-CSA-Z299.3 clause 3.5.6 and this specification.

Where specified by the Purchaser prior to the start of At the request of the Purrhaser, the Vendor shall

manufacture, actual component dimensions shall be reinspect any component or material. Any defects so

recorded. Pass / fail statements are discouraged. revealed shallbe cause for rejection of the component, or -
altematively, for remedial action and subsequent

Statistics shall be used as specified by the Purchaser to reinspection. All costs of reinspection shall be borne by

demonstrate consistency within and between batches. the Vendor. If no unacceptable defects are revealed,
reinspection requested by the Purchaser shall be at the

Two copies of the Inspection and Test Plan including Purchaser's expense.

Inspection Check Sheets and Inspection Procedures shallg
be submitted to the Purchaser at least one (1) week prior

3 of 7 93 AUG



TECHNICAL SPECIFICATIOM IS/TS 0054 R990

-3 Materials and Component inspection Mechanical discontinuities at the surface will be
- indicated by bleeding out of the penetrant. However,

-3-1 General Requirements localized surface imperfections such as those that may
occur from machining marks or surface conditions may i

The Vendor shall establish a system of sub-supplier produce similar indications that are irrelevant te, the
management and raw material control whereby: detection of unacceptable discontinuities.

(a) Specification of materials and components is Any indication that is believed to be irrelevant shall be
clearly stated in the purchase documents; regarded as a defect and shall be re-examined to verify

whetber or not actual defects are present. Surface
(b) test requirements are documented; conditioning may precede the re-examination. Irrelevant

indications and broad areas of pigmentation that mask
(c) test reports are reviewed against the defects are unacceptable.

requirements:
Relevant indications are those that result from

(d) supplier performance is monitored and mechanical discontinuities. Linear indications are those
communicated back to the supplier on a regular indications in which the length is more than three times
basis. the width. Rounded indications are indications that are

circular or elliptical with length less than three times the
6-3-2 Raw Materials width.

Materials and components used in the construction and The acceptance criteria for liquid penetrant inspection of
assembly of the packaging and its associated equipment the welds shallbe as follows:
shall be as specified on the applicable drawings. If
materials, or components are to be substituted, then the 1) No more than five (5) linear indications.
substitution must be approved by the Purchaser. Where

|

goprietary parts or materials are specified, it is the 2) Maximum size of a linear indication to be 0.08

Andor's responsibility to ensure that they conform to in (2 mm)long.
the standards given in the manufacturer's specifications.

3) Adjacent linear indications to be 1.0 in (25.4 ,

Certification of materials by the Vendor is required in mm) apart. |
the form of Certified Matenal Test Reports (CMTR's), |

Mill Certificates, or Certificates of Compliance. This The Vendor shall submit a detailed liquid penetrant j

documentation shall be included in the History File inspection procedure to the Purchaser for approval.
described in Section 6-9 of this specification.

Tne liquid penetrant inspection shall be carried out by
The Vendor is responsible for setting up systems to an inspectar certified to Standard CGSB 48-GP-9.
enable batch tracing to be carried out. Such systems :

shallbe submitted to the Purchaser for approval. 6-5 Mechanical't ests j
!

6-3-3 Purchased Mechanical Components 6-51 Dimensions

All purchased components shall be as specified on the As specified by the Purchaser, the packagings and all
manufacturing drawings. Proof shallbe in the form of attachments and associated equipment, shallbe
pennanent markings, (such as model or part nurrJoers) inspected by the Vendor at all stages of manufacture and
or statements of compliance by the supplier. assembly to verify that the dimensions, fit, alignment,

and surface finish are in accordance with the
6-4 Weld Tests requirements shown on the Vendor's shop drawings,

and on the drawings referred to in Section 3 of this
The root pass of the weld and the completed weld, Specification. The reference temperature for dimensions
indicated on the drawings by the symbol L.P., shall be shall be 20 C (68 F). Tne inspection shall also verify that ,

inspected to and meet the requirements of, the methods the workmanship and cleanliness are in accordance with |

ASTM E165, Standard Methods for Liquid Penetrant the requirements of this specification.
pection. The root pass shall be inspected on both

ides where possible.
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TECHNICAL SPEC |FICATION IF/TS C054 N990

6 5-2 Operation The same alpha and beta contamination test shall bef applied to the intemal surface of the S-tube and the J( Prior to casting, the critical dimensions of the S-tube external surface of the assembled unit. .

specified by the Purchaser shall be recorded. In |

addition, the ovality of the tube shall be tested by 6-7 Epoxy Foam DenV -
passing a 0.350 inch (9 mm) diameter stainless steel
sphere through its length. The sphere shall be able to The Titan shall be weighed unr ediately before and after
roll through the entire length of the tube and out. each installation of epoxy foam. The weight in grams,

and the corresponding average density of the foam shall
The ovality test shall be repeated after casting. be calculated and included in the unit history file. (See

Section 6-9.) Any unit with a total foam density less
The Vendor shall test the assembled Titan for freedom of than 0.2 g/cc shall be rejected.
operation using an inactive C-990 source assembly. A
minimum of 10 cycles shall be completed for each unit. 6-8 Shield Tests
Each cycle shallconsist of:

"
(a) attaching a projection sheath and control cable

to the unit,
Each completed depleted uranium casting shall be
weighed and the weight (in grams) recorded and

(b) tuming the lock into the OPERATE position, included in the Unit History file. (See Section 6-9).

(c) projecting the dummy source assembly to the As specified by the Purchaser, prelimmary shielding
end of the projection sheath, tests may be required prior to final assembly. The

results of such tests shall be included in the unit history
(d) retummg the dummy source to its shielded file. However, the goveming requirement shall be the

'

Position and, successful completion of the radiation shielding test on
-

the assembled unit. (See Section 6-8-2)
( (e) removing the projection sheath and bayonet

connector. It is not necessary to disconnect the 6-8-2 Radiation Shielding Test
control cable from the dummy source assembly.

Each assembled Titan shall be subjected to a radiation
The lock shall move freely into the OPERATE position shielding test. The test procedure shall be submitted for ;
and shall snap freely into the LOCK position once the the Purchaser's approval at least one (1) week prior to
dummy source assembly returns to its stored position. beginning production. The Purchaser shall have the
The dummy source assembly shall travel smoothly and right to attend the test. The shielding test shall consist of:
freely through the projector and the projection sheath.

1) Loading the unit with 100 effective Ci (3.7 TBq)
The Vendor shall complete the quarterly inspection of Ir-192 in a C-990 sealed source / The effective
procedure as per the requirements of Nordion Ci shall be based on an exposure rate constant
Specification IS/OM 0090 N990. of 550 mrem /hr/Ci at a distance of 1 m from

the sealed source.
The results of these operation tests shall be included in
the unit history file desenbed in section 6-9.

2) Measuring the radiation field on the surface,.50 ,

mm from the surface and 1 metre from the6-6 Alpha / Beta Contamination Test surface of the unit.

The coated depleted uranium alloy casting shall be 3) Fixing radiographic film to the extemal surface
checked for alpha and beta contamination according to of the unit in a manner that ensures that any
the Vendor's procedure. The test procedure shall be defects in the casting will become apparent on
submitted for the Purchaser's approval at least one (1) the film.
week prior to beginning production. The surface shall

4 2 2haveless than 10 microcurie /cm (4 Bq/cm )of alpha The radiation field shall not exceed:
and beta contamination.

O a) 167 mrem /hr (1.67 mSv/hr) at any extemal
surface of the Titan.

,

i
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TECHNICAL SPECIFICATION IS/TS 0054 N990
,

'

ib) 41 nirem/hr (0.41 mSv/hr) at 50 mm from any 9) Certified Material Test Reports (CMTR's) org.

} extemal surface of the unit. Mill Certificates or Certificates of Compliance, ;

V certifying all materials used are as specified. |
c) 1.7 mrem /hr (0.017 mSv/hr) at one metre from -

any extemal surface of the Titan. 10) Certified NDE reports, shielding tests, etc., and
personnel qualifications where applicable.

Extrapolation of dose rates shallbe permitted provided >

that the source strength is not less than 60 effective C1 11) Any other documents requested by the
(2.2 TBq) of Ir-192. Purchaser in the contract documents..

Any unit that does not satisfy these requirements shall
be rejected. 7 DELIVERY :

6-9 Documentation The Vendor shall obtain from the Purchaser, prior to -
delivery, the Nordion Intemational Inc. Quality

The Vendor shall prepare and maintain records which Assurance release of the Titan GRED and the History ,

shall be available to the Purchaser during the period of File release or transmittal
'

manufacture. These shall be compiled, as the work
proceeds, into a bound 81/2" x 11" History File which The Vendor shall be responsible for proper packing of
shall be tumed over to the Purchaser with the Quality the Titan to ensure protection during shipment and for |
Assurance Release Form for each batch run of items (if arranging delivery to the Purchaser. ;

. applicable). The run components shall be kept '

segregated until the Quality Assurance Release Form is
recepted by The Purchaser. 8 SERVICING .

The History file shall contain the following: The Vendor shall maintain service records for all service i

O 1)
work performed on Titan units both under warranty ''

Table of Contents. and after the warranty has expired. These records shall
include at a mirumtun: '

2) History File release or transmittal. '

1) Serial number and date of manufacture. }3) Q.A. Release Form No. QAP-SF-06.1A.
(Nordion Intemational Inc., Industrial

2) An assessment of the condition of the unit, and i
,

Irradiation Division Quality Assurance the date it was received.- i
Manual.)

|;
3) A description of the work performed and the

4) Copies of allpurchase orders. date it was completed.

S) List of approved Manufacturing Control Plan, 4) Test results demonstrating the adequacy of the
Special Process Procedures, Inspection and Test repar.
Procedures, and Inspection and Test Plan '!
including Inspection Check Sheets. The Vendor shall supply copies of the service reports to I

6) Completed Inspection and Test Check Sheets
and Reports.

9 CUSTOMER FEEDBACK
7) List of drawings and specifications with current

revisions in effect at the time of manufacture,
,

The Vendor and the Purchaser shall each establish I
and the serialnumbers of the units 'effective systems for recording customer feedback andmanufactured.

compla nts relating to the Titan.~ Both parties shall I

provide copies of the feedback to the other within one -
6) Copies of all Deviation Disposition Requests

f- (DDR's) signed by the Purchaser's Engineering
month of their receipt. Where appropriate, a system for .

Corrective Action will be applied to resolve design or !( Department on Nordion Form No. QAP-SF-14.
manufactunng problems. j

i

!
i
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10 REFERENCES APPENDIX A-Applicable Standards :
'

[1] ANSIN432-1980, adiologicalSafety for the Design ASTM Volumes 01.01,01.03,01.04,01.05,02.04,03.01, .
,

and Construction of Apparatus for Gamma 03.02,03.03,03.05 (As applicable). !
Radiography, American National Standards Institute,15

'

August,1980 ANSI B18.2 Square Hexagonal Bolts and Nuts.

[2] SOR/91-304, Transport Packaging of Radioactive . ANSI B18.3 Socket Cap, Shoulder and Set Screws. ;
'

Materials Regulations, Atomic Energy Control Act
(Canada),9 May,1991 CSA Bl.1 Unified Screw Threads.

[3] IAEA Safety Series No. 6, Regulations for the Safe CSA B95 Surface Texture, Waviness and Lay.-
Transport of Radioactive Material 1985 Edition (As |

Amended 1990), International Atomic Energy Agency, ASME BPV American Society of Mechanical Engic.eers |

1990 BPV Code Section IX: Welding and Brazing Qualficalions.

[4] Quality Plan for the Titan Gamma Radiography ASME BPV Americsn Society of Mechanical Engineers 1. ,

Exposure Device, Nordion Specification IS/QP 0052 BPV Code Sectic.) II: Material Specyications, Parts A, B, C.

N990. ;

CGSB 48-GP-9 Certification ofNondestructive Testing '' :
Personnel.

CSA CAN3-2299.0-86, Guidelinesfor Selecting and -
Implementing the CAN3-2299-85 Quality Assurance
Program Standards. |

|

~ CSA CAN3-2299.2-S5 Quality Assurance Program - ,

( Category 2.
:
'

CSA CAN3-2299.3-85 Quality Assurance Program -
Category 3.

,
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applicable issues are those effective on the date of

ING) SCOPE tendering documents. In the event that certain

This specification establishes the technical requirements requirements or data on the drawings conflict with the
for the manufacture, assembly, inspection and delivery requirements of this specification, the goveming

of radioisotope sources & capsules. requirements shall be at the discretion of the Purcha

It also covers the complete assembly, including all The Vendor shall notify the Purchaser of any error or

sub-assemblies and components of the sources and omission in the applicable drawings. Failure to do so

capsules, whether subcontracted or not. The Vendor shallnot relieve the Vendor of any responsibility to

shall be responsible for ensuring that all applicable produce a product that is acceptable to the Purchaser,

sections of this specification have been met. and that meets all the requirements called for in
Section 4.

1-1 Definitions
-3 Applicable Standards

The following definitions apply in this specification:
The documents listed in Appendix B form an integral

Capsule: Components comprising the source part of this specification, where applicable. They do not

assembly. however, override the requirements of this specification.
If there are equivalent standards that the Vendor prefers,

Vendor: The party who agrees to supply the such standards must be submitted to the Purchaser for
materials or perform the services as approval. Approvalby the Purchaser shall not relieve
required by Nordion International 1nc. the Vmdor from his responsibility to meet the

requirements of this specification.

Purchaser: NordionIntemationalInc.
2-4 Nordion Specifications

A term used to describe an encapsulationp5ource:
that contains sealed radioactive material. The Nordion specifications and procedures listed inQ

Appendix C are primarily for use by Nordion. Should
the Vendor be required to meet any of these standards,NOTE

To avoid repetition in this speczfication, the
he shallbe given a copy of the applicable standards and

words " sources" and " capsules" hace been
be so advised with the Request for Quotation.

usedinterchangeably. Allrequirements apply
to both equally. 3 REQUIREMENTS

2 GENERALINFORMATION 3-1 General .

L
Alle mponents as shown on the applicable drawings

2-1 Applicable Capsules & Sources shall be fabricated, assembled, inspected, and prepared

This Technical Specification applies to sources and
for delivery by the Vendor as specified herein. Final

capsules listed in Appendix A. Detailed manufactunng
acceptance of the source assembly shall be dependent

and inspection requirements are detailed in Sections 3 upon passing all tests and checks specified in Section 4 |

and 4 of this specification. As not all requirements apply ci this specification. The Vendor shall maintain a close
liaison with an authorized Nordion representative |

to all capsules and sources, Table 1 is provided, which
gives a matrix of the applicable specifications for each of

throughout all phases of the work. |
|

the capsules.
I

2-2 Applicable Drawings

The drawings for the capsules are listed in Appendix A,
which is an integral part of this Specification.The

i

)

4 of 1693 Aug
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- Table 1

.

A Matrix of Applicable Sections of this Specification

CAPSULE 3.1 32 3.3 3.4 3.5.1312 313# 314 3.5.5 316 317 318 319 8.0 8.1 .4.2 4.3*
. Ii
4 . 4 * 18 5 ' 4.6 4.7 4.8

C-324 Type 1 X X X X X X X X X X X X X X X X X

C 324 Type 2 X X X X X X X X X X X X X X X X X

C-265 X X X X X X X X X X X X X X X ,

C-181 X X X X X X X X X X X X X X X X X

XC 192 X X X X X X X X X X X X X X X X X X X

C-204 X X X X X X X X X X X X X X X X X

XC 234 X X X X X X X X X X X X X X X X X

C 245 X X X X X X X X X X X X X X X X X X X

XC 266 X X X X X X X X X X X X X X X X X X X

C-337 X X X X X X X X X X X X X X X X X X X X X

C-340 X X X X X X X X X X X X X X X X X X X X X

C-343 X X X X X X X X X X X X X X X X X X X X X

C-349 X X X X X X X X X X X X X X X X X

C-352 X X X X X X X X X X X X X X X X X,

C 164 X X X X X X X X X X X X X X X X X

TC-346 X X X X X X X X X X X X X X X- X X

.\ C-39 X X X X X X X X X X X X X X X X X

C-359 X X X X X X X X X X X X X X X X X X X X X

C 361 X X X X X X X X X X X X X X X X X X X X X

C 369 X X X X X X X X X X X X X X X X X X X X X

C 990 X X X X X X X X X X X X X X X X X X X X X

' C-140 X X X X X X X X X X X X X X X X X
;

C-163 X X X X X X X X X X X X X X X X X X

C 168 X X X X X X X X X X X X X X X X X

,

* includes subsections.-

# - By Nordion only, ;

:
1

s

I

|
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3-2 Code Requirements Handling of all materials used in sealed source
fabrication shall be such that any scratching, denting, or

s specification shall be subject to the CSA Standard marking of any kind is minimized,
CAN3-Z299.3-85 issue, and the following three system
functions from CSA CAN3-Z299.2-85:

3-5 Manufacturing Requirements
(1) Handling and Storing

3-5-1 Manufacturing Control Plan-A Manufacturing
(2) Production Control Plan and special process procedures shall be

prepared by the Vendor according to the requirements

(3) Corrective Action f CSA Z299.2-85 and this specification. Two copies of
the special process procedures shall be submitted to the
Purchaser at least three weeks prior to manufacture for

3-3 Manufacturing Drawings approval. One approved copy of each will be returned to
* * " 'The drawings listed in the contract documents are

reference design and manufacturing drawings. The 3-5-2 Inactive Welding-The Vendor shall submit a
Vendor may make his own workshop drawmgs. Such
drawings shall be submitted for approval by the detailed welding procedure for approval by the

Purchaser,3 weeks prior to the start of that component's Purchaser at least 3 weeks prior to beginning production.

manufacture. Approval by the Purchaser of Vendor's
Welding electrodes, flux, and other materials to be used

shop drawings shall not relieve the Vendor from
responsibility for any errors or omissions therein. shall be certified to applicable specifications.

Welders, who shall perform welding for this contract
3-4 Storage and Handling of Materials and must submit their qualifications for approval.

Components
Production welds require a minimum of 80%

('iterials and components used in the construction and penetration. Figure 1 illustrates the correct methods for
Gsembly of the capsule shall be as specified on the mesuring the penetration requirements for side & end

applicable drawings. If the materials or the components welds. The Vendor should demonstrate, by in-process
are to be substituted, then the substitution must be control, that he meets this requirement. In the absence of
subject to approval by the Purchaser. Where proprietary in-process control, the Vendor shall make a test weld on
parts or r.taterials are specified, it is the Vendor's a dummy capsule by each individual welder at the start
responsibility to ensure that they conform to the of each production nm and once for every subsequent
standards given in the manufadurer's specifications. 25 capsules processed.

For those components and assemblies required to meet The test sample (s) shall be inspected according to
the quality verification requirements of CSA Z299.2-85: Section 4-4, " Macro Examination of Welds",

i) Certification of materials by the Vendor is Cleaning of stainless steel parts shall be in accordance
required in the form of Certified Material Test with the recommendations and precautions of ASTM
Feports (CMTR's), Mill Certificates, or A380.
Certificates of Compliance. 'Ihis documentation
shall be included in the History File described 3-5-3 Active Welding-Active welding willbe
in Section 4-8 of this specification. performed by Nordion. The general requirements

described in Section 3-5-2 (above) also apply to active
ii) Storage and handling of all materials and welding.

processed subassemblies shall be carried out in
a manner that ensures their positive Specific active welding requirements am listed in
identification during manufacture and Appendix C. The appropriate specification is indicated
assembly. The requirements of section 3.5.12 of on the drawing and must be strictly adhered to. 4

CSA Z299.2-85 shall apply.

f3

k
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% Weld Penetration = x 100

Where Tw = Distance to intersection of weld penetration & material joint
Tt = Capsule wall thickness

[- { iTt w
^ '

"a

CIRCUMFERENTIAL WELDS

*" *--END WELDS

Acceptablerunnun" ' " ' t

N
R

bun /nni,b |

_

Unacceptable

Figure 1
Weld Penetration
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? 3-5 4 Fitting and Machining-The dimensions, All scale, oxide, weld spatter, oil, chips, and other ]
[jlerances, and surface finishes called for on the foreign material shall be completely removed from alt |
: Qplicable drawings shall be met. Any discrepancies in exposed parts. All surfaces that cannot be cleaned after ;

. requirements shall be reported to the Purchaser assembly shallbe deaned of all foreign material i
immediately. (including temporary rust protective coatings) prior to . ]

assembly. j
For side welded capsules, the base capsule and cap

. |
capsule end faces must mate properly with no visible Stainless steel parts shall be processed and handled in -3
gap between the end faces. such a way as to muumize contamination by iron, grit,

lead, halogens, and sulphur. Only clean stainless steel |
3>5-5 Tooling--Any tooling manufactured by the brushes, and iron-free grinding wheels shall be used on
Vendor shall be manufactured in accordance to this stainless steel surfaces. Only clean, sharp silica sand

. specification. shall be used for grit blasting. Shot peening or bluting is 4

not permitted. -

'All measuring gauges and/or special tooling used to
verify or preset dimensions shall be checked according 3-5 9 Cleaning, Packing, Storage
to the CSA Quality Verification requirements described & Shipping---Upon completion'all parts shall be
in Section 3-2. deaned. Stainless steel components shall be cleaned

according to ASTM A380, section 8. Two copies of the
Sources or capsules manufactured with new tooling Vendor's cleaning procedures shall be submitted for
shall be tested and inspected according to Section 4-6. approval to the Purchaser at least 3 weeks prior to
Production using new tooling may only begin once the manufacture.
tooling has been approved by the Purchaser and
up-to-date tooling drawings have baan submitted to the All components shall be individually wrapped and
Purchaser. placed in packages that identify the capsule type and

serial numbers. They shall be stored in such a manner ,
,

ling drawings shall be re-submitted to the Purchaser that they will not become distorted or damaged during
he tooling has been modified, re-designed, or at the transit. All components shallbe handled in accordance
rchaser's request. with the procedures descnbed in Section 3-4.

3-5-6 Heat Treating--The C-337, C-340, C-343, If components are to be stored for an extended period,
C-359, C-361, C-369, and C-990 capsules all contain parts they shall be stored in a dry, clean area.
that require special heat treatment to obtain a specific
hardness, grain structure, and phase composition. The
heat treating procedure and the raw material stock size 4 INSPECTION, TESTS, AND i
are specified on the drawing. This procedure will give DOCUMENTATIONthe required material properties for the specified stock

,

material. The Vendor shall provide all testing and inspection
services and facilities except where otherwise specified.

The Vendor may propose an altemative material size The inspection work shall be under the control of a
and/or heat treating procedure. Such attematives must competent chief inspector, whose prime responsibility is
be submitted to the Purchaser for approval at least 3 inspection, and vho is independent of production.
weeks prior to the start of manufacture. !

The Vendor shall prepare a detailed Inspection and Test
3 5-7 Crimping-Crimping shall only be done with Plan including Inspection Check Sheets and Inspection

,Purchaser approved tooling (Section 3-5-5) and Procedures according to the requirements of -)
in-process control production procedures. CSA 2299.3 - 85 and this specification. :

Production crimping shall be inspected according to Two copies of the Inspection and Test Plan including
Section 4-5. Inspection Check Sheets and Inspection Procedures shall !

be submitted to the Purchaser at least three weeks prior )
3-5-8 Surface Finish and Cleanliness---All welded to manufacture for approval. One approved copy of : )

[wrftces shall be smooth and shall merge smoothly intoeach willbe retumed to the Vendor. !

- D)til be removed.
parent metal. All gouges, scratches, or other marks

-I
|

-
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Inspection by the Purchaser or his authorized Compliance. This documentation shall be included ine
( representative shall not in any way relieve the Vendor of the History File described in Section 4-8 of this

' k any of the inspection duties called for herein. specification.

If deemed necessary, the Purchaser shall have the right 4-3-2 Purchased Mechanical Components-All
to specify additional inspection or testing. Such purchased components shall be as specified on the
inspection and testing shall be at the expense of the engineering drawings. Proof shall be in the form of .

iPurchaser. Permanent markings (such as model or part numbers) or
Certificates of Compliance by the supplier. i

The Vendor shall maintain records of allinspections and
tests that shall be available for review by the Purchaser 4-4 Macro Examination of Welds
or his authorized representative. 1

This method of examination is used for rapid I
In all cases the following are minimum requirements. determmation of test weld penetration for stainless steel j
The Purchaser will consider altemate methodologies, capsules. The sectioning and examination procedures for i
such as the use of statistical process control which the C-324 titanium capsule are described in Nordion |

provides greater assurance of control. ProcedureI3/OP 0068 C324.

4-1 Non-Conformance and Corrective 4-4-1 Sectioning- Care should be taken to avoid i

I

Action excessive heat generation during cutting operations.

If any part, component or assembly fails to meet an 4-4-2 Finishing-Stainless steel samples shallbe
inspect 5 or test requirement specified herein, the sectioned with a saw and then wet ground to a surface
Vendt . M1 notify the Purchaser. The Vendor must achieved with a 600 grit silicon carbide abrasive to
obtain w ntten permission from the Purchaser before any remove all saw marks.
remedial action is taken.

4-4-3 Etching-Stainless steel samples shallbe
s If remedial action, including associated redesign,is immersed in a solution of aqua regia (1 volume of HNO3

likely to affect the results of tests or work previously to 3 volumes of hcl).
completed, appropriate reinspection and testing shall be
carried out. The repair, the rework, and the Quality Samples shallbe observed during the process of etching
Control procedures necessary to ensure a satisfactory (approximately 2 to 3 minutes). As soon as the weld .
repair shall be subject to approval by the Purchaser. geometry becomes visible, the samples are removed

from the solution and thomughly rmsed with water.
Full documentation of any of the above shall be
maintained so that non-conformance can be evaluated 4-4-4 Requirements-A weldis acceptableif the
and corrected. following requirements are met (Figure 1):

(i) Prototype capsules a muumum of 100% weld4-2 Reinspection penetration.

At the request of the Purchaser, the Vendor shall Production capsules: a minimum of 80% weld

reinspect any component or material. Any defects so Penetration.
revealed shall be cause for rejection of the component, or

(ii) General weld appearance is satisfactory.
.

altematively, for corrective action and subsequent
reinspection. All costs of reinspection shall be bome by
the Vendor; however if no unacceptable defects are 4-5 Tensile Crimp Testing - Production .
revealed, reinspection requested by the Purchaser shall
be at the Purchaser's exp-nse. All crimp connections on the sources listed in Teble 2

shall be tensile tested according to the procedures
I -

4-3 Materials and Component inspection provide the Purchaser with a record of the results of all
described in the following sections.The Vendor shall

such tests.e 4-3-1 Raw Materials-Certification of materials by the
Vendor is required in the form of Certified Material Test
Reports (CMTR's), Mill Certificates, or Certificates of>

9 of 16 93 Aug
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_ (2) Fix the scurce end of the source capsule
Table 2 assembly and attach a pull device to the portion

Pull Tested Sources of the assembly (connector end or locking ball)-

that did not previously fail. Apply an

Desen. tion or Use increasing tensile load until failure occurs.Cepsule No. p
Record the load and location of failure.

C-192 - Radiography Capsule for Sarnia
(3) Similarly pull test the capsule source end toInspection

cable crimp and record the failure load.

C-245 Radiography Capsule Assembly
Shot.ld any capsule connector end, locidng ball, or
source end fail at less than 270 lb (Table 3), theXC-266 Radiography Capsule for S.mc

Supply Production run shall not proceed until the cause of
failure has been determined and the source capsule has

C-337 For Tech. Ops. Camera #660 met the minimum (270 lb) pull test requirements.

Source Assembly
Table 3

Crimp Failure Loads
C-340 For Budd 520 Camera Source

Assembly

C-343 For Spec 2-T Camera Source
Assembly Locking Ball 2 270lbf

C-359 For Gamma Century SA & Connector 2270 lb
g

35-SA Camera Source Assembly

OC-361 For Tech-Ops #533 Camera -

d Source Assembly For purposes of crimped connection testing, a
production run consists of the crimping ofidentical

C-369 For Nuclear Iberica NI-202 parts. More than one capsule type can be involved.
Camera Source Assembly Vendor supplied assemblies may be tested using an

alternate plan subject to prior Nordion approval.
C-990 For Nordion Titan Camera

Source Assembly
4-6 First-Off Testing & Inspection

Before regular production can begin using new tooling,
a first-off inspection must be performed by Nordion. A4-5-1 in Process Testing-The following tests shallbe
nurumum of five samples must be manufactured using

performed on the crimped connections for each the new tooling and submitted to the Purchaser for
production run. Three capsule assemblies shall be pull>

approval. Upon approval, regular production may begin.tested to failure: the first,last and one selected at
random from each production run (i.e. three (3) in total A first+ff inspection is also required:
per run).

E E" '"
(1) Fix the connector end of the source capsule

assembly and attach a pull device to the locking (ii) at the Purcisser's request
ball. Apply an increasing tensile load until
failure occurs. Record the load and location of (iii) if the manufacturmg procedures are changed.
.ailure.

p
\
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F DRIVE CABLE CONNECTOR |
| | .

U
,

.t

!

k CONNECTOR END ;

!

A '

'

> LOCKING BALL
NOTE: Pecking San may be part of the connector :

'
a ,

:
>

.

I1
.

i

F SOURCE END

L

J

!

I

Figure 2 'I

Typical Pull Tested Source
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. J4-7 Hardness Testing - 3. Q.A. Release Form No'. QAP-SF-06.1A,

Y h- . (NoniionIntemationalInc. Quality Assurance ;

A,.11 hardness testing as specified on the drawings, shall . Manual) for product.
''

!
be performed in accordance to ASTM E18. Testing shall .

be performed on the unmachined bar stock of the 4. Copies of Purchase Order and all amendments :i
appropriate diameter, as specified on the part drawing if applicable. ;

. material specification. Equipment and procedures shall
: be in accordance to the above specification. 5.' List of approved SpecialProcess Procedures,

Inspection Procedures, and Inspection and Test
For conversion, the procedures desenbed in ASTM Plan including Inspection Check Sheets.

;' D140, " Standard Hardness Conversion Tables for -
: Metals", shallbe used. 6. Completed Inspection and Test Check Sheets i

and Reports.-

4-8 Documentation
.

'

7. List of Drawings and Specifications with ;

The Vendor shall prepare and maintain records that current revisions in effect at the time of
shall be available to the Purchaser during the period of manufacture, and the serialnumber of the ;

manufacture. These shall be compiled, as the work capsules manufactured.
proceeds, into a bound 8M" x 11" (or the equivalent SI
metric size) History File that shallbe tumed over to the 8. Copies of all original Deviation Disposition |

. Purchaser with the Quality Assurance Release Fonn for Requests (DDR's) signed by the Purchaser's . j
c:ch batch run of items. The run components shall be ' Engineering Dept. on Nordion Form - .

kept segregated until the Quality Assurance Release QAP-SF-14. j

Formis accepted by the Purchaser.
9. Certified Material Test Reports (CMTR's), Mill -

The History file is to contain the following: Certificates, or Certificates of Compliance, q

certifymg all materials used are as specified. |

1. Table of Contents. |!
!10. Certified NDE reports, leak test reports, etc.

2. History File release or transmittal. - and personnel qualifications where applicable. -- ;

11. Any other documents requested by the :
Purchaser in the contract documents, j

!.

|

'

!
i

i

h

|

!
.

f

f

i
t

;

i.
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APPENDIX A '

-; Applicable Capsules and Drawings y

. Capsule Type Descriptica Engraving Assembly Detail Drawing -
.

ID Drawing
-|

C-324 6125 Source (Tt) AD K121004003 - K121010006, K121010007

' Type 1 ;

-|

C-324 1-125 Source (Tt) AE K121004004 K121010008,K121010009 !

Type 2 -]

C-265 X-Ray Fluorescence AC A12355 A12356, A12357 i
!

''
C-181 Radiography Capsule Ass'y BA A05800 ~ A05796, A05797, A05798, -

A05799

C-192 Radiography Capsule for Samia Insp. BB A07120 A07121, A07736, A03334 ~
i

fC-204 Radiography Capsule BC A02029 A02030, A02031, A17720

XC-234 Radiography Capsule for Consumers BD A07516 A07517, A07518, A07519, . [
"

A10304, A17720

C-245 Radiography Capsule (Budd) BE A09425 A03334, A07736, A17720,
A09403, A09266, A09268,

3

"

A11354, A11355, A11356,-
'

A11357
'

XC-266 Radiography Source Capsule for Sinco BF A12671 A12670, A03334, A07736 }
i

C-337 Iridium-192 Cable Source Assembly BG A16827 A16828, A16829, A16846, '

A03334, A03335, A17720 .|
:

C-340 Iridium-192 Cab;' urce Assembly BH A16833 A17714, A17716, A17720,
A03334, A03335, A16829, ,)

A16849 .|

C-343 Iridium-192 Cable Source Assembly BI A17715 . A17714, A17717, A17720,
A16829, A16849, A03334, i
A03335 .;

i

C-349 Iridium-192 Capsule Ass'y BJ .A18351 A18353, K113217027, i

K113217035 !
i

C-352 Iridium-192 Capsule Ass'y BK A18388 ' A16637, A16640, A17720, .!

A18351- ,

O ;i
|
!
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APPENDIX A
Applicable Capsules and Drawings (Cont'd)

C:psule Type Description Engraving Assembly Detail Drawing .
ID Drawing

C-164 SRC-3 Radiography Capsule Ir-192 BL A05488 -

SRC-3 Radiography Capsule Co-60 CA 'A05488 -

,

SRC-3 Radiography Capsule Sb-124 DA A05488 - f

TC-346 BulkIridium Shipping Capsule BM A17724 A17722, A17723

C-357 Iridium-192 Stand-Alone BN K1121104001. K121110001, A03335
Source Capsule

C-359 Iridium-192 Cable BO K121104002 K121113001, A17714, ,

Source Assembly A16829, A03334, A17720, .t
A16849

C-361 Iridium-192 Cable BP K121104003 K121113002, A17714, !

Source Assembly A03334, A03335, A16829,
A17720, A16849

C-369 Iridium-192 Cable BQ K121104004 A03334, A03335, A17720
Source Assembly/m

,

\ '
C-990 Iridium-192 Cable Sow ce Assembly C990 K122213600 A17714, K122213-601,

A16829, A03334, A03335,
A16849, K122213-602,
A17720

C-140 Cobalt-60 Radiography CB A05519 A05520, A05525, A05526,
Sou:re (Type 1 to 5) A05527

A05532 A05528, A05529, A05530,
(Type 5 Only) A05531, A05533, A05534

C-163 Cobalt-60 Radiography Source CC A05663

C-168 Cobalt-60 Radiography Source CD A04141 A04142,04143
,

O
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'('3 APPENDIX B
;

L/ Applicable Standards

ASTM Volumes 01.01,01.03,01.04,01.05,02.04,
03.01,03.03,03.05 (As
Applicable)

CSA Bl.1 Unified Screw Threads

CSA B95 Surface Texture

CGSB-48-GP-9 Certification of
Non-destructive Testing
Personnel

CSA CAN3-Z299.2-85 Quality Assurance Program -
Category 2

CSA CAN3-Z299.3-85 Quality Assurance Program -
Category 3

ASME BPV American Society of
SectionIX MechanicalEngineers, BPV

Code SectionIX: Welding and
Brazmg Qualifications

~

[' ASME BPV American Society of ,

\ Section II MechanicalEngineers, BPV
Code SectionII: Material
Specifications

ANSIStandard RadiologicalSafety for the
N432 Design and Construction of

Apparatus for Gamma
Radiography

ANSI Standard Sealed Radioactive Sources,

N542 Classification

ISO 2919 Sealed Radioactive Sources -
Classification

/%

,

15 of 16
93 Aug

i



IS/TS 0010 C000
..

m. APPENDIX C
.( ) Applicable Nordion Specifications and Procedures
s_s

Nordion Spec. No. Title

DG 0042 A000 Sealed Source Fabrication
(Short Term Warranty)

DG 0043 Z000 Micro examinedon of Welds

DG 0044 G000 Macro examination of Welds

DG 0046 C000 Intemal Air Pressure Test '

DG 00482000 Dye Penetrant Test

DG 0052 C000 Vacuum Liquid Bubble Test

5/OP 0040 C000 Procedure for Engraving
Radioactive Source Capsules

N:rdion Spec. No. Title

DG 0050 C000 Hot Liquid Bubble Test

DG 0065 G000 Dry Wipe Test

(nV) DG 0148 C000Ultrasonic Decontammation
Procedure (Low Output
Sources)

IS/OP 0031 Z000 Procedure to Check Ultrasonic
Tank Operations

IS/OP 0034 2000 Charcoal Adsorption LeakTest

IS/OP 0068 C324 Operating Procedure for
Sectioning and Examining
C-324 Capsule welds.

,

,

.
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