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Amoreham Corporalic n

1.0 General Infomation

i 1.1 Jntroduction

The Amersham Model 3100A Transport Container is designed to transport
Type S Quantities of Cobalt-60 5 tert 11:ation sources in the fem of

fmetallic Cobalt in IAEA, special Fom, Capsules. It can be loaded and
unloaded underwater. The 3100A confoms to the criteria for Type B(U)
packaging in accordance with 10 CFR 11 and IAEA Safety Series No. 6,
1973 Revised Edition (as amended 1979). It has received the approval of
the United Kingdom Secretary of State for Transport, the competent .

Authority of Great Britain, and has been given the Competent Authority )
Identification Mark SS/3100A/t(U). It has been reva11 dated by the U.S. ]

,

Department of Transportation as USA /0407/B(U).

1.2 Packane Descridiga j

1.2.1 Packanina
i

The 68/3100A consists of a stainless steel container with depleted i
uranium shielding, mounted on a stainless steel pallet inside a steel !
and wire mesh cage. The container is 1132 an (44.6 inches) wide x 1132 t

nm (44.6 inches) deep x 1360 an (53.5 inches) high. The gross weight of ||

the container is 2570 Kg (5,666.05 lbs.). '

;

i The inner cavity is lined with a stainless steel pipe with a 100.2 un j

| inside diameter (4 inches) and is 521.5 an deep (20.5 inches). Since |

the container body (or flask) is designed to allow unloading underwater. {
there is a drain hole in the bottom of the inner cavity connected to a i

( Oj seamless stainless steel drain pipe with a g.53 an outside diameter I

(0.38 inches) x 1.65 mm well (0.065 inches). The drain pipe is lined
with a second seamless stainless steel pipe. The minimum 10 of the
drain pipe is 4 an (0.16 inches). A Tungsten Alloy Rod is inserted in j,

the drain pipe during transportation to provide shielding. The drain - 1

pipe is closed with a Ferralium 255-3SF plug. .

( .

The radioactive material is Cobalt-60 metal doubly encapsulated in ,
|

stainless steel. The source confoms to the requirements of IAEA, ;
,

| Special Fom Radioactive Material. The capsules are carried in a ,

source holder assembly, which fits into the inner cavity. This assembly j

consists of 25 tubes in two concentric rings around a central tube t

support with a circular base, and an end plate on top. 1

The Tubes are seamless stainless steel with a 14 un (0.55 inches)
*

outside diameter, and a 1 an (0.04 inches) thick wall. They are 416 an

|
(16.4 inches) long. The base of the tube support is a 5/16 inch thick -

stainless steel plate which has 2 concentric rings of holes drilled into
t

L
it to support the base of the tubes. The holes are 14.5 un
(0.57 inches) in diameter by 4.8 an (0.19 inches) deep. There are 15L

holes in the outer ring, and 10 in the inner ring. The end plate which i

fits on top is a 3/8 inch stainless steel plate and has the same size ,

holes drilled into it as the base plate. The end plate supports the top '

of the tubes. The end plate has a key hole in the ce'nter which allows !

it to be placed on the tube support and rests on a shoulder of the
center shaft of the tube support. It will only fit one way and cannot ;

C. turn on the tube support shaft.
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|- The end plate secures the source tubes in place and'is in turn secureda
'

by a stainless steel bolt with a lifting eye on the end, which is I
screwed into the top of the tube support shaf t. '

The inner, or containment cavity is shielded by 5 blocks of depleted
uranium 150 sua (5.9 inches) thick with a total mass of 1817 Kg

,

E (4006 lbs.). Four of the blocks form an open topped cylinder (the inner
! cavity) and the fifth, the closure plug. The two assemblies, flask body

and closure, are each totally encased in stainless steel. This serves
not only to hold everything together but also contains and protects the i

uranium which is itself a hazardous material. The outer stainless steel
body cladding is 1/2 inch thick. All surfaces of the stainless steel i

,

L jacket and the rwity tube exposed to the depleted uranium are either
,

! covered with a Wad sprayed, copper coating or separated from the
j. dented uranium by a 0.010 inch thich copper foil. j

i

l Welded around the exterior of the stainless steel jacket are 36 vertical
'

,

stainless u*e1 fins to dissipate heat generated t'y the contents, as,.

well as sc W 9 as shock absorbers. In each quadrant a thicker fin is
Ac extended anu n and below the body providing a lifting point and a foot.

| The fins are enclosed by a cylindrical jrcket of thin gauge stainless
' steel. This serves to improve natural convection around the fins by
L inducing a " chimney' effect, and also to reduce heat uptake during the

tfire test by acting as a radiation break. fins on the top of the
closure and the underside of the body also aid heat and shock absorption. ,

L The closure consists of a circular 21/2 inch thick stainless steel
plate with a depleted uranium closure shield encased in stainless steel'

L- attached to the underside,

f . d.-

|'' 1he shield is 150 non (5.9 inches) thick, and fits into a depresston in .

.the top of the upper shield 322 mm (12.7) inches in diameter. As with'

.the rest of the flask, stainless steel parts of the closure are ;

* separated from the depleted uranium by plasma sprayed copper coating, or >

by a layer of copper foil.

The closure is secured to the body by eight M20 bolts aroutd the
perimeter of the closure plate. One side of the closure plate has a ,

slot in it which fits over one of the four thick fins. This fin retains .

its full. width all the way to the top and has a hole drilled through the
inside corner to allow a padlock to be applied. With the padlock in i

place it is impossible to remove the closure. There is a cavity purge
point on the closure plate to facilitate the draining of water from the-

:ontainment cavity. This is secured by a Ferralium 255-3SF plug.

The center of the closure plate has a threaded hole into which an M30 -

eyebolt may be screwed. This eyebolt mey be used to lift the clost.re
off the body, or with the eight closure bolts secured, to lift the
entire flasir.

The flask may also be lifted by using the lifting eyes at the top of the
four thick fins.

The fi -k is transported on a specially built stainless steel pallet to
which ; is attached by eight M16 bolts. This spreads the load and
allows the container to be moved by a forklif t truck.r

1-2
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Because of high surface temperatures on the flask when fully loaded
acc9ss to the flask is prevented by means of a protective cage secur,ed.

onto the pallet by four M16 bolts and two guides. The cage is also
~t secured to the pallet by tw padlocks and two security wires.
N

The cage is fabricated from stainless steel angle and mesh, and also
serves to provide lifting and tie down points for the entire assembly.
A lug with a lif ting eye is provided at each of the four corners on top
of the cage. Three tie down lugs are provided halfway up each of the
four corners.

This container is not intended to vent continuously during transport and
therefore it does not include a pressure release device from the !

containment system.
;..

1.2.2 Doerational Features |

The source holder assembly is secured in the proper shielded storage
position by means of the closure assembly. With the source holder
assembly in the proper shielded storage position, the closure assembly
is lowered over it. The slot in the rim engages only with the fin with
the padlock point. The eight closure bolts are then secured and a
padlock and seal are attached to the fin with the padlock point, locking
the closure assembly into place.

!

'

The flask is secured to the stee! pallet by eight bolts through the
flask feet. The outer framework and cage is then lowered over the flask
and bolted to the pallet with four bolts. It is also secured to the
pallet l'j two padlocks and seals.

.
b 1.2.3 contents of Packmaina

The GB/3100A is designed to transport Cobalt 60 sterilization sources in
the form of solid metallic cobalt in IAEA spec 141 fom capsules. The

f maximum quantity would be 15 Kg (33 lbs.) and a maximum activity of 10
l PBq (270 kC1). The maximum heat load in watts is 4.160 kW. The
L

' contents will run at a peak temperature no greater than 457' C..

1.3 Annendix
1-
L 1.3.1 United Kingdom Certificate of Approval GB/3100A/B(U)

1.3.2 United Kingdom Application Document

1,3.3 U.S. Dept. of Transportation Revalidation of British Competent
Authority Certificate <

g

1.3.4 Design Drawings .

|-
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1.L1 United Kingdom Certificate of Approval 68/3100A/8(U) :
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Certi?!cateof Approval
of Package Design for-

the Carriage of Radioactive Materials
_,

1. THIS IS TO CERTIFY that the Secretary of State for Transport being, for the purpose of the Regulations j

of the International Atomic Energy Agency, the Competent Authority of Great Britain in respect ofinland |-

. surface transport and of the United Kingdom of Great Britain and Northern Ireland in respect of sea and air |.o
transport end the Department of the Environment for Northern Ireland being the Competent Authority of i'
Northern Ireland in respect of inland surface transport, have approved the package design,

, ,
, as specified in paragraphs 2.11 of this certificate, submitted by Amersham International

plc, Amersham

as Type s(U)

for the transport of encapsulated sources
.

by all medes of transport
,

,

{
. .

Packa;es manufactured to this design meet the rerluirements of the regulations and codes on ts;e 2 relev:nt >

to the rnode of transport, subject to the following general condition and to the conditions in the succeeding*

poses of this certificate. !
, '

in the event of any alteration in the composition of the package, the package design orin any of the facts
stated in the application for approval, this certificate will cease to have effect unless the Competent Authority
is notiGed of the alteration and the Competent Authority confirms the certificate notwithstanding the alteration.

This Certificate Cancels all Previouslasues and is valid ti3131 January 1991. .

. .
,

! COMPsTENT AUTHORITY
DOENTIFICAT80N MARK:j

| 08/3100A/S(U) ,

( -

*
.

*
s

-
'

Umsicztecenftfn
ALTD.irmii:smias-

% MA -

.18 JAM 1988
Treesport diclogical Adviset

DE I. ?S'Q;,* I.*G.VE Department of'Tramponf.agg py gg,e
t. 2 Marsham Street

London SWIP 3EB

,Os.beheVof the Secretm ofStarte far
Thansport and the

| Department r>f the Enviro.vner:t
I, jkeNorthemIrelam!

,

.
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Regulations and Codes of Practice Goveming the Trenaport of Radioactive Materials

Q' '

-
-

INTERNATIONAL ,.

International Atomic Energy Agency (IAEA) Safety Series No 6 Regulations for the Safe Transport of Radioactive Meterish
|

1

1973 Revised Edition (As Amended).
-

j

international Maritime Organisation (IMO). International Maritime Dangerous Goods Code - Class 7 Radioactive Substances.

International Civ0 Aviation Organisation (ICAO). Technical lastructions for the Safe Transport of Dangerous Goods by Air.
'
|

ROAD
Great Britain on!y The Radioactive Substances (Carriage by Road)(Great Britain) Regulations 1974. SINo 'l?35: Code of I

Practice for the Carrisee of Radioactive Materials by Road (1982 Impression): The Radioactive Substances /

(Carriage by Road)(Oreat 3ritain)(Amendment) Regulations 1985 61 No 1729s |~

~ C . De Ionising Radiations Regulations 1985 SI No 1333ssnd Approved Code of Practice. 1

Northern Ireland only. The. Radioactive Substances (Carriage by Road) Regulations (Northern Ireland) 1933. SR 1983 J
plo344, and Amenitsent'1986 SR 1986 No 61..

I

Europe only. European Agreement concerning the International Carriage of Dangerous Goods by Road (ADR). Class 7.
|.

! RAIL . <

i
Geest Britain only. British Rail publication BR 22426 (1977 Edition)- Dangerous Goods by Freight Train and by Passenger
Train or similar service - Ust of Dangerous Goods and Cohditions of Acceptance - Class 7 Radioactive Substances.

iEurope only. Internailonal Convention concerning the carriage of goods by rail (CIM). Annex 1, International Regulations
j eencerning the carriage of dangerous goods by rail (RID).

,

L sgA e

P Stitish ships regisiered in UK and other ships loading inUK ports or territorial waters only. The Merchant Shipping (04r.ge..
ous Goods) Regulations 193151 No 1747 and the Report of the Standing Advisory Committee on the Carriage of Dangercutiq ,

Goods in Ships 1973 (The ** Slue Book") Class 7.

AIR
UK Only The Air Navigation Order 1905 St No 1643 The Air Navigation (Dangerous *
Goods) Regulations 1935 S: No 1939: The Air Navigation (Dengarcus
Goods)(Amencment) Regulattons 1936 5! No 2129 and the Internetional Civi1
Avi'ation Organisation's (ICAQ) Technical Instructions for the Safe Transport of ,

Dangerous Goods by Air. ,

'

.

glotas
i

i Attention k dremvs to the inbriling and merking rephements ofIAEA Section Y. one provirion of which it that the
esetside of eerk package shall be ciently and 6nrebly aanrked with the Competent Authority 1r neckage Ident(fleation

1 o
Mark. .

.

2 Any pestions relating to this Cert (fleste should be adskessed to the 1>ensport Radiological Adviser. Department of
thsnsport: 2Marsher s Street, London Swit3EB .

Telephone 01/212/7247
Teler 22221 Answrback DOE Al4R G

-

.

'

3 This Cert (fleert does not reliere the consisnor fhme compilence with any repkement of this or any other country
through orinto whleh the pnekage may be trentported. .

.

. .

,

.

+-*w w* = + * * * - er =a, e ur e tee-+ n e = w----n--~~-m -*-w =.--~=++-er==-+-*-=s*e-e-*--- -===+=-e----==--=------w--wrwe-=--*-e = * --+-v-*------+v*--*



.-- - - .-- . . . . . - . . . .- . . - . - . ~ . .

'

. . . . . . . . . .>
-

Isave 1 ~.*
. . - . ..

,

Page3cf. I- P:nes
' , * 2. Specification of Packaging

'

Quantity

Item No.' - Packaging Design Number per Assemblya '

f. ,.
. .

1 Outer 3100 One
P

2 Inner IAEA Special Form Up to a
; Capsules maximum of -

(See paragraph 12C) 25-

e

. e ,

, ,
The containraent system comprises item no. 2

- ,
,

.m

* .

.

o ~
PaehrWg Desige Dotatis ,

Design No. Title Drawing List loose . t

.
'

3100 Stainless steel depleted uranium *

shielded container on its own pallet DL 23525 E

with an outer protective case
;

I

-C) Capsules Any IAEA Special Form Capsule - -

..
. e

O
g
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'The package design specification shall be in accordance with Amersham International pie
O , . document WD31 - BU 3100A - Revision 2 - Application for,the Approval of Package DesignNo.3100A: dated December 1987.

'

,

3. PERHITTED CONTENTS .

; Cobalt 60 sterilisation sourcos in the form of metallic cobalt in IAEA Special Form
Capsules.

,

4. . RESTRICTIONS ON CONTENTS -- -

(a) The total activity shall not exceed .10 PBq (270kC1) per package. -

*
l

'o, (b) The total rate 'or heat geners' tion shall not exceed 4.16 kilowatts per |
'

'

package.

5. INSTRUCTIONS ON USE OF PACKACEg
,

(a) The package shall be handled in accordance with "the Handling and Packaging,

Instructions, HP1 63 Issue 2, for Package Design No.3100A".'

,

' .(b) When the sources, together with the souroeholder, are loaded. they shall be
located in the source cavity in such a way as to prevent gross movement
during both normal and accident conditions of transport.

1 (c) The 3100A container shall be manufactured in accordance with the drawings
'' listed in DL 23525, Issue E; and document QCP510 Issue B. i

f.d (d) Inspection and maintenance of the package shall be carried out in ,
'

. accordance with " Amersham International plc PGM.176-- Turnround
maintenance fo'r Package Design 3100A, Issue 2 e.nd PGM 177 - Annual

,' maintenance for Package Design 3100A, Issue 2. *

^

6. ACTIONS PRIOR TO DESPATCH . , ,

The sources shall be loaded into the flask under the direct supervision of a

| Responsible Officer who is fully conversant with the instructions. detailed in paragraphe
5(a) and (b) of this certificate.;

7. gTGJAGE CONDITIONS, -

(a) The package shall be stowed such' that air can freely circulate around the
package.

.,

.
(b) The package shall not be oversheeted. .

,

(c) When transported such that the package is orposed to the elements, adequate-

drainage shall be provided to ensure that heat dissipation fron, the package
is not adversely affected.

8. FULL LOAD CONDITIONS
'

If the contents of the package exceeds 1.2 PBq (32kC1) then it shall te shipped under
.

6-
FULL LOAD conditions.

! -

1

.

1.,
,

.

.

' , . . _ . . _ . . , . . . .
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I 9 RESTRICTIONS ON SHIPMENT
*

,

Road in GB *

If, for any reason, the vehicle is subject to a speed restriction of less than 20 mph
the carrier shall-instruct the driver of the vehicle that, before crossing any ;

j automatic half-barrier railway crossing he shall notify the railway signalman of his |

intention to cross and await the signalman's instructions. |

10. LABELLING, MARKING AND PLACARDING ,

(a) La6e111ng and marking of packages and the placarding of vehicles shall be
in accordance with the regulations listed on page 2 of this approval ,

'

certificate . - ,

.,-

(b) Road in GB. In the cab of the road vehicle there shall be prominently

displayed a fire proor notice indicating that the load is radioactive and
- bearing the particulars and telephone number of the owner / operator of the

~ vehicle and stating that the police should be informed in the event of an
accident.

1.

11. EMERGENCY ARR^NGEMENTS'
'

(a) Road in GB .

|

Should emergency radiolorical arsistance be required the driver, if able,'

' shall inform the police immediately and request that the local NAIR' First ,

Stage establishment be ' called.t

(b) Rail in GB
,

'

The procedure,to be followed should an emergency occur is set out in
(. British Railways publication BR 300588 " Working Manuel for Rail Starr, Part
' 3, Handling and Conveyance er Dangerous Goods" (Pink Pages). NAIR* First

Stage Procedure shall apply.. ,

| .

(c) UK Ports

Should emergency radiological assistance be required in the UK port, the
port * authority's police shall be informed immediately and requested to call
the local NAIR' First Stage establishment. .

*
. ,

(d) Sea ,

.

In the event of an emergency the procedure set out in Section 10 of Class 7. of the IMDG Code, as supplemented by page 223 of the " Blue Book", quoted on
,

page 2 of this approval certificate, shall apply.
. .

(e) Airports in UK

|-
In the event of an emergency the police shall be informed immediately and
requested to call the NAIR scheme.

|
'

I !

i 'NAIR means National Arrangements for Incidents involving Radioactivity.
l*

| \
!
,
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"
12. ADtGNISTRATIVE ARRANGEMENTS

;
:[ ;'

(A) The donsignor shall be ' responsible for fulfilling the conditions set out in '

.(' - any Competent Authorities certificates of approval associated with the -L

shipment of this packsge and for compliance with the administrative4

requirements of the IAEA Regulations, paragraphs $26-838.
''

'.(B) Competent Authority Approval Certificates.
,

Copies of Competent Authority certificates of approval. associated with the 1

Ishipment of this package shall be available at places of loading, unloading
|and transhipment.

,

'~

(C) Where item 2 specified in paragraph 2 of this certificate constitutes
Special Form material, the Consignor shall be in possession of a valid*

Competent. Authority Certificate of approval in accordance with th.
"

provisions of paragraph 802 of the IAEA Regulations 1973 Revised EditionI

(As Amended)..

* '

(D) Stowage Conditions
*

The Consignor shall notify the carrier and/or the ship's master, or the persons.
responsible for loading the ship, of the stowage conditions imaccordance with
paragraphs' 7 and 8 of this certificate.

,

13 RENEWAL OF CERTIFICATES ,

If the period of validity is required to be extended, application shall be ande one
*

y month in advance of expiry.
,

.

*

'

,

*
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Pese 7. of T. Pages ;
|,' ' Package Illistretten .

,

!
'

O -

.
.

-,

. . . - . . ..
. . . .

' , ,
,

Jh s d. 0
'

== container
--

.-
4 % No. 3100

,

8'

/,
@

| ,

Cage .

M (wire mesh :=
,

omitted for'

clarity) [
"

/ . q,p

hh- V/fy .
- 7 ---

n .

4
,v s , .

'

[ / Q M .v 7 '
'

x
v

'If / \ h -

.

Pallet (wire mesh...

omitted for clarity)
,

.

'

. ,

.

.

.

Description of Package Dimenelons and l'elghts

Packaging: Stainless steel centainer with depleted uranium shielding carried on a
stainless steel pallet with a steel and wire mesh cage.

"" 1132mm wide x 1132 mm deep x 1360 mm high.

Grose Weight: 2569 kg , ,
,
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Transport Radiological Advisor j

' Radioactive Materials Transport Division ,

Department of Transport :

2 Marsham Street :

London .SW1P 3E5
'

-

Date 16 December 1987- -

'' :

,' Dear Sir.
~

*

. i Anolication for C r etent Authority Tyne B(U) Anoroval for Packame ;'

' Desian Number 3100A

.

Approval is required for the package for
radioactive asterials described belowi

This application follows the UK 'Ouide to
o appifcation for Competent Authority approval".

-(dated September 1981) and uses the paragraph .

numbers in this guide. This application is nado.
- ,Q under the 1973 (as aumended) edition of the IAEA |..

f! . V/ ' Transport Regulations and the paragraphs are shown
in (). brackets (for reference the 1985 paragraphs

'' are indicated'in [] brackets). A full listing of.. &
the documents referenced in the application and a ,

* -'

it revision are appended.
L t

*!
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*
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,
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. , . .
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ic -| PART 2 ADMINISIRATIVE INFORMATION ;

2.1 The design number of the packa5e is 3100A

It is defined by CA drawing number 0A 23525 j

i

Relevant addresses are
,

1) Applicant Contact D.W. Rogers ,

Amersham International plc. :'

Amersham Place
Little Chalfont
Buc.ks HP7 9NA

.

Tel. No. (0494) 431717~

* Rxtension 2312
'

11) DesianerL Applicant (as 2.1 (1) ) ,

i

111) Man iacturer: AI as above. The package
;

1 is assembled from
components
manufactured by
sub contractors. i

[ Inner N/A i
,

,

i
I

)
si iv) Insoection of sackames: Packages may be inspected

at Amersham International,
r

2.2 Aporoval reeuired: Type B(U)|- -

,

I- 2.3 Mode of transoort: Road, air and sea *

..
.

. . ,
\

(822,. 2.4 Competent Authority identification mark: C8/3100A/B(U)
823) '

[724
725)

2.5 pato amoroval recuired is given in the TRAMAC priorities
list.

a. 2.6 Date of initial apolication: September 1986
1; - ,

,

1- .

| +

b

o
Reference HP/B3100A/2
DWR871211 Page 2 of 12

i- r

- . _ _ _ _ _ . _ _ _ _ _ . . . _ . _ _ _ _ . , . . . _ . . , . - . . _ _ . _ . . . . . _ . . . _ , _ _ _ . _ . _ , . . _ . . . . . . . . _ _ . . . . _ _ _ _ . _ . _ _ . . _ . _ ~



. . . _ _ . _ . _ . . . _ . _ _ _ _ . _ _ . . . _ . . . . . _ . . _ _ _ _ _ . _ _ . _ . ._

u ,

,

|*

!'

'
PART 3 SPECIFICATION OF RADICACTIVE CONTENTS,* ,

) (805a) 3.1 Soecification of contents
' \_ / 3 [705a)

-

(a) Ceneral nature of contents
,

Sterilisation sources ,
,

(b) Radionuclides-

Cobalt 60 ;

(c) Physical State ,

'

Solid, Special Form-

=
(d) Chemical composition ,

Cobalt metal
, ,

(e) Quantity ;

I 15 k_g

(f) Activity

L 10 P8q (270 kC1) ,

L I-
,- (403, 3.2 A1/A2 values

i
( 404)

..
. - (301,- Al and A2 values are listed in IAEA Safety Series 6

302]
.

h -(805a.) 3.3 Nature of radiation esitted '

[705a]"-

Camma...
- .

3.4 Irradiated nuclear fuel is not to be carried

3.5 Maximum heat load in watts
.j e

4.160 kW

3.6 Effect of normal and accident transoort
conditions on the contentsa

*

Special Form encapsulation of contents ensures containment.
,

(105) 3.7 other hazards
[105)

The contents do not have any non-radioactive hazards.

;(

Reference HP/B3100A/2,
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PART 4 + SPECIFICATION OF PACKAGE [.

6

* - (805(b))'4.1 Fockaaina sake up i
[705(b))+

Q(.
(a) rocketina components !'

..

Drawing Design Overall No. ForNj 15E9Ent Description Number Number Dimensions Weimht Assembiv '
'

mm kg j4

1100x1100x1150 150 1Cover 0A23629 ,.

Pallet 0A23628 1100x1100x150 170 1 !_

Flask body 0A23526 3100 e650x980 1953 1
*

Flask closure 0A23527 3100 e500x255 276 1
,
.

-.

(b) Packaaina not weiaht 2550 kg |
t

.

4

, ,
.

'

(c) Cross wef aht of sackame 2570 kg-

i

(211) 4.2 security seal

[526)
AI wire seal. ,

4.3 Drawinas,

See document reference list.

Q 4.4 Handlina
V.' (202, 1) Method of handlina

'

! '203)
(505) Fork lift or four-leg sling.

,

11) Special liftina enviosent,
.; ,. ,

None.
|

(201, 4.5 Tie-down system

223)
(505, Imgs on outer or boles through pallet. See also PGN 215.
'527]

4.6 Radiation shield

i - i) Material and thickness f' " '
,

Depleted uranium, 150mm
'

.
r

11) Meltina points of shield materials|

r

DU, 1132'C.
<

..

Reference HP/83100A/2 -
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(115) 4.7 Containment systes

L+ . [121)
r ' (216) 1) Containment components
[."' [H0)

see (11)'

L (135, 11) Soecial Form caosule
,L \ 217)

- [142, Any Special' Form capsule:
531) Maximum diameter : 11am

| Maximum length : 455mm

|- (218, iii) Sealina and closina of containment systen
L 223)

[532, Welding (see (11))'

536)

(234) iv) Compliance with the permitted activity release does not l.

[551) depend upon filters or a mechanical cooling system. |
*

e
(235)- v) no package is not intended to vent continuously during |

[N/A) transport.
.>

(236) vi) h e package does not include a pressure release device
L [552) from the containment system.

(839a) 4.8 Manufacturina inspection .

'
[209a).

(a) Containment systes j

Special Form approval ensures adequacy ;.

i
i4

-(b) pLodistion shield'

h e radiation shield is checked for dimensional"

accuracy and ultrasonically for internal defecta
' (c) Thermal shield

--
,

Not applicable..- 1 .
,

i (738) 4.9 Forformance tests before first shipment

(401) ~

1) Containment systea
|

Mone.

11) Radiation shield
'

4 he radiation shield in checked on receipt for general
-efficiency and short paths. ,

iii) normal shield
Not applicable.

iv) Heat dissination characteristics None

v) Presance of neutron poisons

Not applicable.

Reference HP/83100A/2
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I I

|
|

...

1
e \

(805d, 4.10 Maintenance i

e. 839b) )
,

L [705d, The container will go through turnt wnd inspection to 1

I 209b) PCM 176. It will also be inspected annually to PCM 177.s

3
(739) 4.11 Action reautred by constanor before each shionent
[402)

1) Facksmina instructions

See handling and packaging instructions HPI 63. ,

11) Thermal eeutlibration

No specific action necessary. |

~

(8053, 4.12 Action reautred durina transport
"

832)
[7053, see handling and packaging instructions HPI 63a '

453)
'

; (824k) 4.13 Restrictions on modes of transport
*

[727e,'
1 ,

| 453] None required

4.14 Enermoney instructions .

None required
'

(119) 4.15 Full load conditions (Exclusive use)

I Full load conditions are required when the contente exceed *

' (90/743) x 270 = 1.2 PSq (32kC1) of Cobalt. Data from 4.27
and IAEA Safety Series No.37, 1982, para 5.42. ,

.

4.16 Stresses due to liftina ,

(204) 1) Stresses in structure
-

[506)
See PGN 178 .

(205) 11) External liftina features
[507) .

'

.

There are no external features which could be used for
lifting or moving the package which need to be made
inoperative for safety reasons on transport.

"
.

.

.

Q
Reference HP/B3100A/2
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N '> 4.17 pnvironental conditions |,

r ;

l ,. 1) Temperature . ;

| (231e, (a) eghigns f
*

| ,242) ;

I .\ 40'C to 38'C i

7' ;

[545) (b) Limits for selection of materials .

| (213)[528) '

40'C and 70'C . |
:

11) Insolation

(231b,- (a) 2g13 ,

242)
[546) As IAEA Safety Series No. 6 Paragraph 231b. -

;... ,

8' (b) solar radiation barrier -

|

Mot applicable. -

(c) Daily heat input to eachamo due to insolation

The not daily heat input to the package due to
insolation is sero (see Packaging Memo EPN 67).

4.18 Temperature of oschemina and contents

(739a) (a) h
j [515,

. ;
,

543 Transport cover - 38'c

(']/
'

. 544, Flask surface - 94'C

555) Contents .450'c See PCM 188 |

'

- (b) Durina normal 1ranannrt
' ~

Transport cover - 73'c
Flask surface - 101*C ;..
Contents = 457'C See PGN 188 3

.

, . (c) Durina and subseeuent to accident conditions
|

- Transport cover - 800'C
|, contents - 705'c see PGK 188

4.19 Maximum surface temperature

(230b, The maximum surface temperature in the shade under normal.e
240) conditions of transport is predicted to be 38'C. [544, ,

' [555)
4.20 law temperature effects*

(241) 1) Liould contents
[516,
528) Not applicable

(213)
[528) 11) Brittle fracture

.

The materials used are not susceptible to brittle
-

fracture in the conditions specified in 4.17 i)

Reference HP/83100A/2
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5 'f,,

'

r . c.
.'

4.21 Pressure effects on sackmaina.. b

1) Any pressure rise in the containment system can only :

f- .

arise from thermal effects. 'this will result in the [
.

'

4

' (
~ following pressures, calculated from the temperatures

y .

in 4.18 above.-

(739a)- (a) Prior to shionent ;

[402c),

-(222.237) 2.65 bar
[N/A), ,- ,

(238) (b) Durina normal transport j

[544)
,

2.67 bar. :

,l'

( '(c) Durina and subseeuent to accident conditions
'

,7.

|0 3.58 bar.
;.

11) Precautions amainst effects of corrosion and radiolysis
i

Specific to particular special Form Approval
'

111) Containment avstaa material soecification q

. Specific to particular special Form Approval, f

(237, iv) Strenath of material at NNOP
238)

,

L .[553] Specific to particular Special Form Approval. -[

(701, 4.22 r,nviremental tests. !V,; 702) [601,
602] .

<

,

| (709) 1) Normal conditions of transport .

+

h [619)- ,

(711,712) (a) Unter sorav olus 1.2m free dron test *

; [62,1,622)
Not tested as Drop I (4.22(ii)(a)) is more severe.

(713,713) (b) Water sorav 31us comorassion test ,

[621,623]
See PGN 189

(711,714) (c) Water sorav olus is nonetration test
i[621,624)

Not tested as minimum skin thickness is 10mm.
:.7

(716) (d) De free dron test .
.

[625a)
see 4.22 (i)(a)'

(717) (e) 1.7m nonetration test
[625b)

Not applicable.
L

d,

g

!< Reference HP/83100A/2
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jr

s (718)- 1) Accident seq $1ttens of trempoort -|''

L [626)
,

!

(719) (a) muuhumimal.tumta
| ,1 [627) Brop I (9a esse duty)

.( See TC Dost Iles 1027 and 1424. h After toet_
;

i

~ 1827 the f3msk ens modified to ameresse shsek ;|
[.

absorption in she 1mersed attatado. She
modifiestions napsid in me way have affseted the
soeulte of Dost 2028 (base drop) 4teh ass not j

'
theswfore reposted. ;

*

Drop 11 (Se pumuk test)
Dee EC limet No. 3823 |

i1

Suup III Nyamada erink test)
amtapptsashie) . -

.e
_

88 (720) (c) 1hesusal tort
[628] '

see son ist. --
;-

(721) (d) Vater i n sion east
!

[629)
Not tested as -+=8==e is designed for landing and i

innloading undsenster. .
E

(221) 4.23 Containrent svatam at *=t seemeure of 0.25 kapsm ;

[534) ,

-Special Form testtag to uses esvese. ,

i,

t

N - (233) 4.24 p ak tiahtness ''

: " 13 [548]
Ensured by Special Form encapsulation.

!

4.25 Radiation shieldina
'

1) Position and size of madiation source

L 'See General Arrsagensat dreuias. *

. (225) 11) Effect of *=a-1 ===me+i- af transsert* test en
i

[537) surface radiation laval .

The assembly is suffiaiently strong to prevent
significant distortian er movement of the seurae in
normal conditions of transport (IAEA 709 714) so there
can be no increase in zodiation level due to these'

eendiciens.
i as

.

I- (508a) iii) Surface radiation level and TI
'

[432,'
-

433] SDR - 692 uSv
TI - 8.2
See PCM 246.

|

L
,

Reference BP/83100A/2
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(229)- iv) Effects of accident conditions of transport

[ 542]' !*

Tha cos: ably is sufficiently rtbust to prov:nt |,

significant distortion in cecident etnditiens of
'

t,

transport (IAEA 718 721) so there can be no significant,
increase in the radiation level due to these conditions }

(232) 4.26 Durabiliev of thermal orotection shield Not applicable i

!547) -

i

4.27 Special stovano provisions
,

1) Surface best flux ;

5Maximum heat load = 4160 wgtts
Surface area (top and sides) = 5.60 m ;

2Maximum surface heat flux = 743 W/m

~

(527) if.) Special stovene provisions See HPI 63 -i

"' [465)

4.28 Primary heat transfer medium Not applicable

4.29 Twee BCU) and B(M) zoneral
,

(206, 1) General desian reautrements
208) ;

[508 The package is designed to ahed water and to be easily
510] dacontaminated. No features are added in transport ,

which could affect the safety cf the package'
-

.

L
i. (201', 11) Type A reevirements

227)
.y [541) The package is designed to meet all the specified Type A

requirements t

(517)- 111) Trefoil symbol
. [439) ,

j A estal label ambossed with the trefoil symbol is
permanently attached to the package outer surface ..

i
..

(242,244, 4.50 Additional reautrements for Tyne B(M) mackanes !'

l. 808)
L [557,558, 1) B(U) nackame raeutrements (IAEA 233 241) not met by this

708) packame.

(808b,c) ,
,

|' [708a) Not applicable
'

11) Reason for non complainea Not applicable
O

l,. (808b.c) 111) Compensation controls Not applicable .

L, .[708b,c)

L (243) 4.31 Ventina packsmos Not applicabal
[558) J

(244) 4.32 Pressure relief system Not applicable ]
[N/A) l

j
. . .

lO
l' Reference HF/B3100A/2
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Date:
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iApplication shocked by :
r

. J,
-

.

signed:
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...' Date:-
('

',,

.

Appiteation approved by:-
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Signed: I.

'
.
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.

Date:

!: [7 '

m!.ts
c

,

-.

* .,

**
. .

P

e, ;.

.
k

L 1

,

/

a:
.

,

,.

. .

(

Reference HP/83100A/2
DUR871211 Page 12 of 12'

>

_ _ . . . _ . . m._..___.... . ~ . . _ _ _ . _ . - . _ . _ . . _ _ . . . . _ . _ - . , _ _ _ . _ _ . _ _ _ _ _ _ . _ _ _ _ . _ . _ - . . _ _ _ . . . _ _ _ _



..

- . . ._._---. - __ -

L
Document reference list' '

4

e

e

1. Drawings as listed on DL 23525, Issue E (3100A)
* DL 23665, Issue D (3100A Model)

2. Documents

EPM 67 Cooling of package after insolation
EPM 79, Issue 6/84 Nuclear decay power dissipation.
EPM 85, Issue 1 Package surface temperature with insolation.
HPI 63, Issue 2 3100A Handling and packaging instructions.

' PCM 176, Issue 2 3100A Turnround maintenance. I

PCM 177, Issue 2 3100A Annual maintenance. *

~
PCM 178, Issue 1 3100A Lifting point assessment.

". PGM 188, Issue 2 3100A ' thermal test assessment,

PGM 189, Issue 1 3100A Compression assessment.
,.

PGM 215, Issue 1 3100A Tie down assessment.-

i PGM 243, Issue 2 3100A Thornal test computer analysis.
i PGM 246, Issue 1 3100A Shielding test.
| QCP 510, Issue B, Welding of packaging components.

RNR 500, Issue 2 Uranium for shielding
'' TC Test No. 1014 Copper barrier effectiveness at 800'C in helium

j TC Test No. 1019 Effect of gross deformation on copper coating.
TC Test No. 1024 Effect of heating copper coating at 800'C in air. '

.

TC Test No. 1027 Da drop test of 3100A model.
TC Test No. 1028 9a drop test and in punch test on 3100A model..

TC * test No.'1043 Effect of welding near copper coating.i '
,

TC Test No. 1062 Steady state thermal test on 3100A flask.h
,

a .

.

.

,

Revision record
?
'

Revision f,gge Channe

1 Test data included and drawings updated. Revised document list.
2 shielding test included and drawings updated. Revised document list and

format.

1.
1 . as >

*
.

i.

.

| .

O
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.

Description of Package, Dimensions and Weights*
.

Package :
. ,

Dimensions

Gross Weight :
.

O
O

*
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Asteemhand -
W P'operns *

CONFETERT AUTBORITT CERTIFICATION- . . _ - - .

POR A TYPs 3(D)-
RADIoncTITs mATsRIALs PAczAos assIon'

CERTIFICATE DBA/0407/B(U), REVISION 0

RETALinkTICE OF BRITISE COMPETENT A@fBORITI CERTIFIC&Ts e/3100A/B(0)
;

)

belowThis certifies that the radioactive materials package design described '

is hereby_ approved for use within the United States for import and esport
in sooordance the applicable

shipments only. Shipments must be pdeandDSAregulations.gith ;

International Atomic Energy Agency

1. gaggggg Identification - U.K. Design 3o. 3100A

Pecksoine Description gn , AE1D2111gf Radioactive ggg13313 as-' o2.
described in British Certificate of Competent Authority

;

GB/3100A/s(U), Issue 1..
't
,

3. 9ENERAL CONDITIONS - '
,

Each user of this certificate must have in his possession a
,

f a. *

copy of this certificate and all documents necessary to
j

' properly prepare the package for transportation in,

|. accordance with the endorsed certificate.

b. Each user of this certificate, other than the original
petitioner, shall register his identity in writing to theandOffice of Rasardosa Materials Transportation, ResearchI

' ,- Administration, U.s. Department of ,

special Programs
Transportation, Washington D.C. 20590.

carrierThis certificate does not relieve any consignor orc.
from compliance with any requirement of the Government of
any country through or into which the package is to be
transported.

|

|

*
~

....... ......

* safety series No. 6, Regulations for the safs Transport of Radioactive
O- Materials, 1973 Revised Edition' published by the International Atomic Energy

1

Agency (IAEA), vienna, Austria.

2 Title 49, code of Federal Regulations, Parts 100 199, USA.
.

1
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'CERTIFIC&TR USA /0407/3(U), BETISICs O.y
d. 'This certificate is issued only to authorise transport from

point of entry to final destination within the United
States and free point of origin in the United States to
point of exit.

!

4. EgIAjjg 3 1 Labeline - The package shall bear the marking
USA /0407/B(D) in addition to other required markings and
labeling.

5. Empiration 3333 - This certificate espires on January 31, 1991. '(
I

,

,

This certificate is issued in socordance with paragraph 806 of the IAEA
Regulations and Section 173.473 of Title 49 of the Code of Federal

|
Regulations, and in response to ths February 23, 1989 petition by Amersham |

'

| Corporation, Arlington seights, IL, and in oossideration of the associated
l in. formation therein.

,

Certified bys

h/5'I[ N4R 31 ano-

Michhel E. Wangler /f (DATE)

Chief, Radioactive MateriaW Branch
Office of Essardous Materials Transportation

:

L |
.;.
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i
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Certi?!cate of Approval'

.

of Package Design for-

the Carriage of Radioactive Materials
,_ ,,

1. THis 15 TO CERTIFY that the Secretary of State for Transport being, for the purpose of the Regulations . l

of the International Atomic Energy Agency,the Competent Authority of Great Britain in respect ofir. land*

surface transport and of the United Kingdom of Great Britain and Northern Ireland in respect of sea and air"

transport and the Department of the Environment for Northern Ireland being the Competent Authotity of
Northern Ireland in respect of inland surface transport, have approved the package design, 1

as specified in paragraphs g 31 of this certifieste, submitted by AmeEsham International |'
,

ple. Amersham
'

;

as type s(U)

for the transport of encapsulated sources .

;

by all medes of transport.

| '
,

1 -

Od
Packages manufactured to th!s design meet the requirements of the regulations and codes on rose 2 relevant
to the mode of transport. subject to the following general condition and to the conditions in the succeeding |

|
pages of this certificate. |

,

in the event of any alteration in the composition of the package, the package design orin any of the fa:ts'

'

; stated in the appfleation for approval this certificate will cease to have effect unless the Competent Nitherity
la notified of the alteration and the Competent Authority confirms the certificate actwithstanding the alteration.

| ~ *

This Ce.tificate Cancels allPreviousissues and is valid till 31 January 1991. .

COMPETENT AUTHORITY
6DENTIFICAflON MARK:

GB/3100A/S(U) ,

.
|.

'

: .-

U mTioIT Ecin. w i%itfN r

Atrit.Wila i"a12&NT-

% #' 1'

.18 JM1938

C7 E ?.C'?'4 *.77|WE Treesport diological Mvher

I.8.fi.'l '$_I.*J.1.G Department of Transport
2 Marsham Street
London SW1P 3E13

1

( ,Qn.beheyof the Secret.n cfStatefx -

ThansportandIhe
| Department of the Enviro.vner:t

M*"A'* /"WCRM1 .- .

,

r'

%
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Pto 2cf I ..Pages '
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'Meguletlene end Codes of Preetleo Govem6ng the Transport of R6diesettee Meterleise

I

betwwilenal Atwn6e Energ Agewy (IAEA) Sofety Serles No d Reguletneas tw the $sfe Transport of Redmeettw Meier6akettteNAff0NAl. ii.
\

|
8973 Revenee SAalen(As Amended).

.

tmwsettenal Momime oisonisstlen (IMo). hitw=tlenal Muktne Doneems coeds Cinde - Osa T Red 6enetiw Submewn.
(
I

Intwest6snel Ove Av6et6en Orsesienstka (ICA0). Technlent inettvettens ter the Sete Tsensport of Dengerem Goods by Anr.,
4

3

Osset Settain only. The Redteertlw Sebstanees (Carrisse by Reed)(Gent Drheln) Repuint6 ens 1914. SI Ne)?)$: Code of!80AD

Plectice fee the Carrisee e.I Rad 6eactiw Meterials by Food (1982 lepresalen): The Ratiesetive Sukatances
i
'

(Carriage by Road)(Orsat Britain)(Amenement) Regulattens 1985 at We 1729:
,,,

1985 51 5e 133) land Arprevet Code et Praettee.he Ionising Radiattens Regulattens,

Norstwan tenend only. The Radioerthe 84stonen (Cuviese by Raed) Regulettene (Northus beland) lpt). SR 1943 |
-

pleSe4. and AmeneneatJ966 5 3786 Nu 61. .

,;

Borope esdy. Swopron Agreemew sensesnin6 the Internettenal Caretsee of Dangerow Oseds by Rees (ADR), Ones 7.|

RAll. h- Geest Br66sla only. 9th6sh Asti publisellen SR 22426 (1977 Edition)- Dangerous Goods by Freit : Train and by Peserneer
Trois et simon service - List of Danswees Goods and Cohdhiens of Asesptance - Ones 7 Red 6eseske substawes. ;

.
.,

Europe only, internettenal Co.avenuen concerning the carrisse of goods by sell (CIM). Amnes 1,lasernational keswletions,

|
sensernin$ the carriage of dangerous goods by rail (kid). ,

!,StA |
Sr6tish thips togistried in l'N sind othH thips leading inUK pone et terrher6al e9ters only. The Metehent Shipping (Def.ge .

i
aus Goods) Regulations 1981 St Ne 1747 end the Report of the Stand 6ng Advisory Comsaktes on the Corrisse of Dang 1rous

,

|r

| ,P. Goods 6n Ships 1974 (The ** Slue 8*k'') Claes 7.
T

AIR

|
UK Only. The Air Navigation Order 1995 SI No 1643: The Air Navigation (Dangerous'
Soods) Aeguistions 1995 St No 1939: The Air Navigetton (Dangereus !

Goods)( Amenoment ) Regulattons 1986 $1 No 1129 and the Internetions1 ClviI ij

| Avtstion Orgentsetton's (ICAQ) Technical Instructions for the Safe Transport of !
>

Dangerout Goods by Atr.
,

-

.
--

|
-

.ees

f

Attention k dnmse M the kbelknq ennt merki g requkernents e/IATA Seerien 9', one prendeden of nAkA k het th: h
2

eutsier e/ eer4 per&ste shell 6e edeerfy and dweely nier&ed n64 see Cosqpesent Authoritylr Anrange /drar#1resden!E
Mark. .

Aagy gwassions erbring se the cerrylrete should 6e ashbresed se the Densport Aediedsydref Adrdser. C . ;;.: of3*

T>ennport: 2 Norske's Street. London SWi! stb .

Telerkene 0||212/t:41 *

Teles 222:1 Ause heck DotAwt G ,

3 This Cerrystere does not rehere the consignerpom templience Me4 any requkeneemt e{ Als or any enker reuntry .'
s shrough or inse nakk the perkate niey be svenspersed

.
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(See paragraph itC) 25 j
.-

i :
,

I

.

De centalement eyeese eemprises Ates no. 2
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3100 Stainiose steel depleted urentum
shteided eentainer en its earn patiet DL 23525 E |
with an outer protective ease ;

e
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,

2. Continued .
'

I

The package design specification shall be in accordance with Amersham International pic !

doousent WD31 - 80 31004 Revision 2 - Application for,the Approval of Package Design j
1

- Ilo.3100A dated December 1987.
'

|-

3. esmatr:D CONT WTS .

C. mali 50.ser:1 sati. sourees in th. f.r. .r .etalli. belt la un spectat rer. j

capsules. .

,

"* "
4 RgSTRICTIONS ON CONTENTS

(a) The total estivity shall not exooed .10 PSq (270kC1) per peekage. [, ,

(b) the total rate of heat genere' tion shall not easeed 4.16 kiloustte per |'

|' *

package. |
J ;

5. INSTRUCTIONS ON USE OF PACKAGE
+

'
-

(a) The psekage shall be handled in asserdance with 'the Handling and Packaging |

Instructions, NPI 63, 1ssue 2, for Package Design No.3100A". |
i

,

! (b) When the sources, together with the soureeholder, are leaded e,they shall be,

,

located in the sourse envity in such a way as to prevent gross movement |
'

Wuring both norest and seeident conditions of transport. ;

!

(e) The 3100A sentainer shall be annufsetured in aseerdance with the drawings i
.

listed in DL 23525, Issue I; and doeveent GCP510, Issue 8. i

.

(d) Inspection and maintenance of the package shall be otrried out in |
/, accordance with " Amersham International pio PCM 176 - Turaround |

| anintenance fo'r Package Design 3100A, Issue 2 and PON 177 - Annual |
*maintenance for Package Design 3100A, Issue 2. [| .

l
i'

6. ACTIONS PRIOR TO DESPATCH . ,

The oc rees shall be leaded into the flask under the direct supervision of a !
:Responsible Officer who is fully conversant with the instructions. detailed in paragraphs

, *

5(a) and (b) of this certificate. ,

r
i

T. 370 WAGE CONDITIONS :

(a) The package shall be stowed such' that air aan freely airculate around the
package. |,

,

E; ,

(b) The package shall not be oversheeted. ;.

(e) When transported such that the package is exposed to the elements, adequate (*

trainage shall be provided to ensure that heat dissipation from the package ;
,

is not adversely affected.
>

,

S. PULL LOAD CONDITIONS
' '

If the contents of the package exceeds 1.2 P84 (32kC1) then it shall be shipped under
FULL LOAD eonditions.

-
,

e
,

1. ,

-
. :

,

.
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page .). af 1 ....Pages |
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.
',

c 9. DasTRICTIONS ON SHIPHENT

,
'

Road in GB ,
.

' I
If, for any reason, the vehicle is subjett to a speed restriction of less than 20 mph'''

the carrier shall instruct the driver of the vehicle that, before cre,ssing any
automatie half barrier railway erossing he shall notify the re11wer signalaan of his
intention to eross and await the signalman's instructions.

10. LASELLING, MARKING AND PLACARDING

tabelling and unrking of packages and the pleoarding of v9hicles shall be(a) in a.cordance via we reguiasio 1ist.d on , age , of this a,,covai
* ,

eertifloats.*
*. |

(b) Road in 09. In the esb of the roe rhiele there shall be prominently |
.

@

displayed a fire proof nottee ind' . > ng that the lead is radioactive and i

bearing the particulars and telephone mober of the owner / operator of the i

vehicle and stating that the police should be infereed in the event of an |
accident. ;

:

f 11. spER0ENCY ARRANGEMENTS
~ .

1
. :

(a) , Road in CB

fShould emergency radiological assistance be required the driver, if able,
shall inform the police immediately and request that the local NAIR* First !

j
Stage establishment be 'sall,d.e

l l

:
(b) Rail in CB ,

,

The procedure.to be followed should an emergency ogour is set out in
| British Railways publication BR 30054 " Working Manuel for Rail staff, Part.

3 Handling and Conveyanoe of Dangerous Goods" (pink Pages). MAIR* First i

Stage Procedure shall apply. |
,.

. .

' (e) E Ports
'

'

,

Should emergency radiological assistance be required in the UK port, the |

port' authority's police shall be informed lamediately and requested to call, <

,

.

the local NAIR' First Stage establishment. j
i

-

- .

(d) h i
,-

!In the event of an emergency the procedure set out in Section 10 of Class 7: of the IMDG Code, as supplemented by page 223 of the ' Blue Book", quoted on ,

page t of this approval eertificate, shall apply.
r.

,,

(e) Airports in UK
|

,

In the event of an emergency the police shall be informed insediately and
requested to call the NAIR scheme.

L

'NAIR means National Arrangements for Incidents involving Radioactivity.
'

.

_ _ _ . . - , . . . , . . . . , _ , . _ . _ _ m., ._ , , , . . . , . , , _ , . . . . , , . . . _ . , _ . , _ _ , _ . . _ , _ _ _ _ _ _ , _ _ _ _ . _ . _ _ _ , , _ _ _ _ _ . . . . _ _ , _ _ _ . _ , _ _ _ _ . _ , _ _ _ _ . _ ..
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L
.

,

Page. 1 .er. I .Pasee
;,- ,

, -y.'
,

*
12. ADIGNISTRATIVE ARRANGE >ENTS

,

(A) The densignor shall be responsible for rutrilling the senditions set out in

O- any Competent Authorities eertirleates of approval associated with the j

ahipment of this package and for eeap11ance with the edainistrative I

requirements of the IAEA Regulattens, paragraphs $26 834. ]

(D) Ceepetent Authority Approval Certifiestes. fi

f
i es,ies er C.. tent Authe,.ity runeaes or a,,r. vat ...e.t.ted .ith the ,

|

|. shipment of this pashage shall be available at pleets of leading, unloading
)' and transhipment.
'

..

(C) Where item I spesirted in paragraph I of this certifieste eenstitutes |
,

,

, specist Form unterial, the Consigner shall be in possession er a valid !

Competent Authority Certifieste of approval in steerdance with the f
provisions of peregraph 402 of the IAEA Segulations 1973 Revised Edition |

(As Amended). {.

(D) stowage Condittens
*

The Consignor shall notify the carrier and/or the ship's mester, or the persons;

responsible for loading the ship, of the stewage sendittens in aeoprdance with !
,

, , peregraphs 7 and 8 or this certificate.!
'

13. BENEWAL OF CERTIFICATES i
'

t
| .

Ir the period of validity is required to be eatended, application shall be ande one i
!month in advance of expiry.

' f
'

;-

:

e

.

*

;: .

-
.

t

!*

*
,

'
.
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l
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t

i
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e
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| CSSe i
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Pallet (wire mesh !
!emitted for clarity)

, ,

,

t

E =

|*

.

I
Deserletles of Package. Dimenolone and Weights

Pachasing: Stainless steel container with depleted uranium shielding married on a
stainless steel pallet with a steel and wire mesh ange.

UM"*b 8 1132mm wide x 1132 mm deep x 1360 an high.

o- Grees Weight: 2569 kg ;.
,

,
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1.3.4 Design Drawings :
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Drawing No. Issue Title ,
,

_

DL23525 E ASSDeLY RASK DESIO8 NO. 3t00 A
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,
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2.0 Structural Evaluation

2.1 Structural Desian
p.
'd, 2.1.1 Discussion

|
'The 68/3100A is comprised of seven structural components: a source

capsule, source holder assembly, shield assembly, outer housing
essembly, closure assembly, pallet, and outer framework or cage. The
source capsule is the primary containment vessel. It satisfies the
criteria for special form radioactive material.

The source holder assembly is fabricated from stainless steel and
consists of 25 tubes into which the source capsules are placed. This
assembly fits into a stainless steel pipe which forms the inner, or

.

J,

containment cavity, of the flask. The shield assembly is made of 1

depleted tranium, and provides shielding for the radioactive material. !
l

The outer housing is fabricated from 1/2 inch thick 316 stainless l

steel. The housing is finned to dissipate heat, and provides the i
structural integrity of the container.

The closure assembly secures the source holder assembly in the shielded
pos' tion in the inner containment cavity, and assures positive closure.

The container body, or flask, is bolted to a pallet constructed of
stainless steel plate and channel. The outer framework is fabricated
from stainless steel and heavy twilweld mesh. It prevents access to the .

flask, and provides. lifting and tie down points. It is bolted over the
flask to the pallet.

2.1.2 Desian Criteria|.

The 68/3100A is designed to comply with the requirements for Type B(U) ,

packaging as prescribed by 10 CFR 71 and IAEA Safety Series No. 6,1979
Revised Edition (as amended). All design criteria are evaluated by
application of the appropriate section of IAEA Safety Series No. 6 or 10*

CFR 71.

2.2 Weichts and Center of Gravity

The net weight of the complete package is 2549 Kg (5621 lbs). Its gross
weight is 2569 Kg (5665 lbs). The weight of the individual components

'

are:

Outer Framework (cage) 150 Kg (331 lbs.)
Pallet 170 Kg (375lbs.)
Flask Closure 276 Kg (609 lbs.)
Flask body (including shielding) 1953 Kg (4306 lbs.)
Depleted Uranium Shielding 1817 Kg (4006 lbs.)

l

!
2-1

L
\
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The center of gravity is located approximately in the center of the |
flask body, and halfway up the flask body. The tie d;wn points on the i

outer framework are positioned around the center of gravity..

2.3 Mechanical Properties of Materials !*

; !

All materials used in the construction of the container comply with 1

* British Standard 970: Part 1: 1583: Wrought Steels for Mechanical and I
Allied Engineering Purposes: Austenitic Stainless and Heat Resisting i

Steels.' ( Appendix 2.10.1) Specifications for the depleted uranium are i

detailed in Appendix 2.10.2). ]
,

2.4 General Standards for All Packaacs

2.4.1 Minimum Packane Sire

The GB/3100A is 1132 m (44.6 inches) wide x 1132 mm (44.6 inches) deep
x 1360 mm (53.5 inches) high.

2.4.2 Tampercroof Feature

Two wire seals are applied to two of the four points at which the cage '

is bolted to the pallet. Another seal may be placed through the padlock
point on the thick fin over which the slot in the closure fits. The :
closure could not be removed without breaking this seal. '

2.4.3 Positive Closure >

,.
The cage which prevents access to the flask is secured over the flask to

|
the pallet by a bolt in each of the four corners. Two of the corners ,

q may also be secured to the pallet by padlocks.

The closure assembly fits into the top of the flask and is secured by
.eight bolts. A slot in the closure assembly fits over ore of the thick
fins which is provided with a padlock point. With the padlock applied,
the closure cannot be lifted off the flask.

2.4.4 Chagjcal and Galvanic Reactions -

Depleted uranium when heated to temperatures of above 760'c may form an
eutectic alloy with stainless steel. To comply with 10 CFR 71 and IAEA
Reguletion for the Safe Transport of Radioactive Materials, the
container has to undergo the fire test in which temperatures of 800'c
may be reached.

To prevent possible alloying of the depleted uranium with the stainless
steel, thereby causing a loss of shielding, the inner side of the
stainless steel is sprayed with a copper spray, or lined with a copper
foil. There is no known alloying of depleted uranium with copper,

,
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Transport Container Test No.1014 (appendix 2.10.7) was performed to !

determine if a plasma sprayed copper coating is effective in preventing
'alloying between stainless steel and depleted uranium at 800'c. Them

T concluston of the test was that the copper coating successfully+ '

'(\ prevented the formation of any depleted uranium / stainless steel eutectic
alloy.

,

The container is subjected to the fire test after the other mechanical
tests are completed in w51ch the container may buckle, therefore, the
copper surface has to stay intact after distortion of the steel.
Transport Container Test No.1019 (appendix 2.10.3) was performed to
test the adherence of a plasnu sprayed copper coating to stainless steel
subjected to gross stretching. The conclusion of the test was that the
adhesion of the copper spray prc, cess is not affected by gross
distortion. .

Since the container is a welded fabrication, and the components are
copper sprayed on the inside before welding, Transport Container Test :
No.1043 (appendix page 2.10.4) was performed to see if weldingNould
adversely affect the copper spray. The conclusion of the test was that
welding of stainless steel using the tungsten inert gas process at 250
amps has no effect on a copper sprayed surface more than 8 mm away from

'the bottom of the weld. At a distance of 4 mm the copper is discolored
but there is no loss of adhesion.

,

2.5 Lif tina and Tiedown Standards for All Packanes

2.5.1 Liftina Devices

Four lifting lugs are provided at the top of the outer framework, one in
each corner. . The lifting strength of the outer assembly is the minimum
of either that of the lifting lugs on top of the outer framework, or |
that of the bolts securing the framework to the pallet.

With the outer framework removed the flask may be lifted either by the
lifting eye at the top of the four thick fins, or by an eyebolt screwed

' into the center of the closure.

Packaging Group Memorandum PGN 178 (appendix 2.10,5) provides a detailed
assessment of all the lifting points. The conclusions reached in PC41
178 are that the maximum safe loads that the lifting points can
withstand tre:

4090 Kg (9018 lbs.)I. Outer framework lifting lugs =

50240 Kg (110,779 lbs.)Pallet / framework bolts =

4560 Kg (10,055 lbs.)Flask lifting lugs =

4500 Kg (9.923 lbs.)Closure eyebolt =

'The gross weight of the container is 2570 Kg (5667 lbs.), therefore all
the lifting points possess adequate strength.

- 2-3
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-2.5.2 Tiedown Devices j
i

toth the outer framework and the flask inside are provided with tiedown i

elements sufficiently strong to withstand normal conditions of

G( /
transport. Three tiedown lugs are provided halfway up each of the four
corners on the framework. In this way the forces act about the center i
of gravity and any toppling movements are minimized. All loading forces |
are transmitted through the framework, the lower half of which is I
heavily braced, into the pallet on which the flask is mounted. The
framework is attached to the pallet by means of four bolts and two 2

guides. All tiedown loads are transmitted through these points as
horizontal shearing forces. Internal tiedown is provided by bolting the
flask onto the pallet through its feet.

Packaging Group Memorandum - PGM 215 (appendix page 2.10.6), provides a
detailed assessment of the performance of the tie down features under
normal conditions of transport. The conclusions reached in PGM 215 are
that the strength of the various elements of the containers structure

,

r unter tiedown loa.ds are as follows:

Longitudinal Lateral Vertical

Frame Corner- 15.300Kg 300Kg 32,700Kg
brackets (33,737 lbs) (33,737 lbs) (72,104 lbs)

;

trame to Pallet 30,790Kg 30,790Kg Not Applicable
fastening (67,892 lbs) (67,892 lbs)

Flask to Pallet 20,400Kg 20.400Kg 70,000Kg'

fastenting (44,982 lbs) (44,982 lbs (154,350 lbs)

Minimum Strength 15,300Kg 15,300Kg 32,700Kg
33,737 lbs) (33,737 lbs) (72,104 lbs)

Minimum 7,710Kg 5,140Kg 7,710Kg
Requirements (17,000 lbs) (11.334 lbs) (17,000,1bs)

The minimum factor of safety is therefore ,113.09. = 1.98*

7710

|
| In the event of the loads exceeding normal limit the first elements to

fail would be the eyes on the frame corner brackets' thus the container

structure would remain intact.

The strength of both external and internal tiedown elements of the

container exceed the requirements for road, sea, and air transport, as

specified in Safety Series 37, 2nd Edition IAEA, Vienna, 1982.

|
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2.6 Normal Conditions of Transoortu

.'2.6.1 11841

The thermal evaluation for the heat test is presented in Section 3,

2.6.1.1 Summarv of Pressures and Temoeratures .)

The container is designed to operate in ambient temperatures from
-40*c to 38'c. The temperature limits for selection of the
materials were -40*c and 70*c.

Temperatures of the packaging and contents are as follows:

(a) Prior to Shionent
i

Transport cover = 38'c -,

Flask surface = 94*c
Contents = 450*c (see PGM 188, Appendix 3.6.1) ~

,

'

(b) Durina Normal Transoort

Transport cover = 73*c
Flask surface = 101*c
Contents = 457'c (see PGN 188, Appendix 3.6.1)

(c) Durina and Subsecuent to Accident Conditions
,

Transport Cover = 800*c
c

- Contents = 705'c (see PGM 188, Appendix 3.6.1)

The maximum surface temperature in the shade under normal
'

conditions of transport is predicted to be 38'c. The daily heat
;

L
input to the package due to insolation is zero (see EPM 67,
Appendix 3.6.4) .

Any pressure rise in the containment system can only arise from
thermal effects. This will result in the following pressures,-

i calculated from the temperatures listed above.

L (a) Prior to Shipment
' 2.65 bar

I (b) During Nonnal Transport
2.67 bar

(c) During and subsequent to accident conditions
3.58 bar

The construction materials are capable of satisfactorily meeting
the 1g73 IAEA SS6 Type '8' thermal testing requirements,
following mechanical testing. The container will maintain its
structural integrity and shielding effectiveness under both
normal and adverse transport heat conditions.

2-5
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2.6.2Galt
'

,

The materials used in the container are not susceptible to brittle i

fractures to at least -40'c. The contents to be transported are solid, |
t

special form capsules.. From this data it is concluded that the !
,, L container will maintain its structural integrity and shielding ;

J effectiveness under normal transport cold condition.
,

,

2.6.3 Reduced External Pressure .

The container is sufficiently strong to withstand an external pressure<

| 'equal to 3.5 psi and will maintain its structural integrity and
shielding effectiveness under the normal transport pressure conditions. j

Primary containment is ensured by the special form encapsulation of the ',

contents.

2.6.4 Increased External Pressure

The container is sufficiently strong to withstand an external pressure
L equal to 20 psi and will maintain its structural integrity and shielding

effectiveness under the normal transport pressure conditions.
(-

*

| Primary containment is ensured by the special form encapsulation of the
contents.

2.6.5 vibration .

The assembly is sufficiently strong to withstand the normal transport
vibration condition and maintain its structural integrity and shielding
effectiveness.

.

- 2.6.6 Water Sorav

Not tested as the package is designed to be loaded and unloaded
: underwater, and to shed water easily.

2.6.7 Free Broo
.

The complete assembly of the 3100A container including the body, outer
framework and pellet was subjected to a free fall test from a height of
9 m. This is described in Section 2.7.1. On the basis of this test, it

is concluded that the container will maintain its structural integrity ;

and shielding effectiveness under the normal transport free drop
condition.

2.6.8 Corner Orco

Not Applicable
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I 't.6.9 Compression

A compression test was performed on the container assembly consisting of i

I / the body, outer framework and pallet. The compression load was assumed |
L0 to be spread evenly over the four vertical members of the cage. A load i

'

five times the package gross weight was used for the compression test.
A detailed report of this test may be found in Packaging Group ;

Memorandum, PGM 189.(appendix 2.10.9)

It was concluded from the test that the container has ample strength to
meet.the requirements of the IAEA compression test for Type 8(U) and
will withstand the normal conditions of transport compression condition.

2.6.10 Penetration

Tne container was subjected to a penetration test, positioned to impa'et
upside down on the edge of the closure lid, so as to knock the ;

lid / closure off. A detailed report of the test may be found in
transport container test no.1028 (appendix 2.10.10)

Damaged sustained by the body was limited to very minor denting of the
closure rim and two adjacent fins. Therefore on the basis of this test
it is concluded that the container will maintain its structural
integrity and shielding effectiveness.

2.7 Hvnethetical Accident Conditions

. Hypothetical accident conditions testing of the 3100A design was performed on
a third (1/3) scale model. Drawings of the model are included in Appendix

| 2.10.12. The model consists of a stainless steel container with depleted
; ( uranium shielding mounted on a stainless steel pallet inside a stainless steel

outer framework with wire mesh. The model is 366 mm (14.4 inches) wide x
3F,6 mm (14.4 inches) x 422 m (16.6 inches) high. The model contained a dummy
source consisting of a stainless steel bar 30 mm (1.2 inctes) x 150 mm .

(5.9 inches). It has a gross weight of g3Kg (205 lbs). As with the actual
container, the model flask consists of five depleted uranium blocks. Four
form an open topped cylinder and the fifth, the closure plug. The two
assemblies, flask' body and closure, are each totally encased in stainless -

steel.

The model is not provided with the stainless steel drain tube linking the
inner and outer body cladding at the base of the cavity, or the purge point in
the closure assembly.

Like the actual container, the model's outer body cladding is lined with
vertical fins which on the actual container disperse the heat generated by the
contents, as well as acting as shock absorbers. In each quadrant a thicker ,

fin is extended above and below the body providing a lifting point and a
foot. The fins are enclosed by a cylindrical jacket of thin gauge stainless
steel. Fins on the top of the closure and the underside of the body also aid
shock absorption.

2-7
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2.7.1 Free Broo

The complete model assembly of the 3100A design including the body,
outer framework, and pallet was subjected to the conditions of the 9 m

,O, drop test for type 8(U) packages paragraph (a) .and (b) IAEA
' Regulations for the Safe Transport of Radioactive Materials,1973'. A

' . detailed report of the test may be fcund in ' Transport Container Test'
No.1027 and 1028 (appendix 2.10.9 and ' 2.10.8)

In the first test, detailed ir. TCT No.1027,' the assembly was
positioned to impact on the base edge of the open side of the pallet
with the conter of gravity of the assembly directly above the line of
impact.

A second free drop, as detailed in ' Transport Container Test No.1028' l
(appendix 2.10.8), was performed. The flask body (without the outer )
framework and pallet) was allowed a single fall through 9 m. It was '

positioned to impact on the top rim of the tsody midway between two of
the ' thicker fins with .the center of gravity directly above the point of 4

Iimpact.

Following a 1 m punch test, the assembly was put through a third free
drop test (see TCT No.1028, Appendix 2.10.8). In this test the
Flask Body was also allowed a single fall through 9 m. It was I

positioned with the closure angled down from the horizontal by
approximately 10'.

i

2.7.1.1 Sunnary of Results. ,

Af ter the first free drop test (TCT No.1027 Appendix 2.10.9). The:

.

pallet was flattened on the edge where impact occurred and the
iframework was slightly bent and buckled. The container body broke

free from the pallet, rotating through 90' onto its side. It was
however retained within the frame structure. Two of the container :

Jfeet were bent, but this did not af feet the weld around the base of~

the container. Any other damage to the body was purely superficial,
i.e~. slight bending of fins etc. -

.-

After the second free drop test (TCY No.1028, Appendix 2.10.8), the
shock absorbers on the closure were bent and flattened. The body was
otherwise relatively undamaged 1.e. slight bending of fins and
scuffing of the jacket. Damage to the target area was slight. t

Following the third free drop test (TCT No.1028, eppendix 2.10.8)
severe deformation of the jacket and fins occurred, bending and

L
flattening on impact. The core of the body and the integrity of the

' skin, however, were unaffected and the closure remained securely

| attached.

The conclusion as a result of these tests is that the assembly meets
|the requirements of the 9 m drop test for Type 8 (U) packages

(paragraphs 719 (a) and (b) IAEA ' Regulations for the Safety|

Transport of Radioactive Materials, 1973').

|
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2.7.2' Puncture

,
r

(< 'Following the second free drop test, the flask body (without the .

. outer framework and tellet) was subjected to a puncture test. This !

test is detailed in Transport " Container Test No.1028' (Appendix |
,

[V !

2.10.).

The assembly was allowed a single fall through 1 m on to the target
(5 cm diameter, flat ended, mild steel bar mounted perpendicularly on
a flat steel plate and of sufficient length to cause maximum damage.

e
t

to the specimen). The inverted container was dropped so that the
steel bar impacted the edge of the lid / closure. !

Damage sustained by the body was limited to very minor denting of the r

closure rim and two adjacent fins. Damage to the target was sligttt.

As a result of this test it was concluded that the assembly meets the ,

requirements of the punch test for Type B(U) packages (paragraphs (a)
and (b) IAEA ' Regulations for the Safe Transport of Radioactive

-Materials,1973') .

2.7.3 Thermal

.The thermal test'which followed the free drop test is reported in
section 3.5. A summary of pressures and temperatures may be found in
section 2.6.1.i

l' 2.7.4 Immersion - Fissile Material
g

iNot Applicable.

: 2.7.5 Immersion - All Packanes
' The container is designed to be loaded and unloaded underwater

therefore it was not tested.
!

2.7,; 6 Summary of Damane
p. The tests designed to induce mechanical stress (Free Drop puncture)'

i.cause minor defomation to the model package but no reduction in
;structural integrity nor impairment of any safety features.

The thermal test also had no adverse affect on the package.

As a result of these tests there was no loss of structural integrity |

nor release of any contents. The assembly is sufficiently strong to l

prevent significant distortion or movement of the sources in normal |

conditions of transport so there can be no increase in radiation level |
'

| due to these conditions.

' 2-9
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2.8 Snecial Form

The container is designed to carry Cobalt-60 in special form capsules that
i . ;9 meet the requirements of IAEA Special fom and 10 CFR 71.75 den subjected toi.'4
!V the applicable test conditions of 10 CFR part 11.77. .The source is cobalt' *

'

metal doubly encapsulated in stainless steel.'

2.9 Fuel Rods

Not Applicable. ;

2.10 Annendix-

'

. 2.10.1 British Standard 970: Part 1
2.10.2 Packaging Material Specification Uranium for Shielding
2.10.3 QCP 510 Issue B Welding for Packaging

*2.10.4 Transport Container Test'(TCT) No. 1014 '

i 2.10.5 Transport Container Test (TCT) No. 1019
2.10.6 Transport Container Test (TCT) No. 1043'

2.10.7 Packaging Group Memorandum (PGM) 178
2.10.8 Packaging Group Memorandum (PGM) 215
2.10.9 Packaging Group Memorandum (PGM) 189
2.10.10 Transport Container Test (TCT) No.1028

l 2.10.11 Transport Container Test (TCT) No.1027
| 2.10.12 Third Scale Model Drawings
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j
.e 1: ' specification '

'

a) Material :. Uranium U235 content not greater than 0.76
p -

b) Density : Not less than 18g/cc '

p c) Furity : Alloying content not greater than 5%

d)' .Forosity : 1)No single void to exceed 15% of item wall thickness )
.in the general direction of radiation. i

1

11)No void with dimensions exceeding 104 of ites wall ).

thickness to be grouped closer than three diameters 1
1. apart. *

.

'" iii)No void with dimensions exceeding 10% of item wall I

thickness to be aligned along the general direction '

of radiation. ,

1
2. . Inspection j

a) Density : Calculate by dividing measured weight by calculated
volume.

i

b) Forosity : Either by surveying shielding efficiency by radiography
or by direct ima5 ng of defects using ultrasound1

! techniques. -

c) Inspect. ion Frequency : 1006 unless agreed otherwise in writing.
Note: This is most likely to be relaxed with

I. the submission of well proven and documented
L production procedures. '

*

3. Transport and Storano ,

'

i= a) Cleanliness : surfaces must be clean of ,swarf, dirt and all grease...

b) Storage and Transport :Fackaging must protocr. items from dirt and*'

|- moisture and comply with all relevant transport
regulations.

'
i

?
o

* '

Siv
*

. . . . -.

.
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QCP 510 ,

'

Issue B

'

AMERSHAM INTERNATIONAL plc

INTERNATIONAL DIVISION
t

|
'

PACKAGING GROUP

WELDING POR PACKAGING

!- 1. SCOPE
.-

This procedure specifies the requirements for the welding of carbon, carbon~*

. manganese'and stainless steel fabrications used in transport containers for
hazardous goods..

..

2. DRAWINGS

(a) The manufacturing drawings will normally states
'

(1) Parent materials
(ii) Weld preparation ;

(iii) Weld size and form
(iv) Inspection and testing

|,
(b) In addition the drawings may also specify:"

I

-(1) Welder qualification
(ii) Welder procedure

I p (iii) Heat treatment
i '.)i y '

L; (c) When any of this information is not stated on the drawings, reference
,

|
should be made to the following sections where certain minimum*

-
g

standards are specified. +

'I 3. WELDING PROCESS

Unless otherwise specified the welding process shall be in accordance with: ;
q

,

(a) as 5135 : 1984 : including Appendices A to H (for carbon and carbon ,

manganese steels) |

|- (b) BS 3019 : Part 2 : 196C (for austenitic stainless steelu)
|

*

4. WELD PROCEDURE |
\ .

(a) Welding procedures shall comply with current codes and good practice.

(b) When specified procedure tests will be carried out in accordance with i

SS 4870 : Part 1 : 1981.

<O ;
'

g
WPXQCP-L1372 Page 1 of 3
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r

" 5. WELDER QUALIFICATIONS

h Unless oth3rwiss cp;cifico all w31d:ra cust mest tho rsquirements of

1982 (if working to approved welding procedures) ;.
: Part 1 :'( (a) 35 487,1

/'

(b) 38 4872 : Part 1 : 1982 (when welding procedure approval is not j,

'

|required).

6. WELDING CONSUNASLES

(a) All consumables shall be suitable for welding the parent materials in
accordance with the manufacturer's instructions.

.(b) All consumables must be suitable for low temperature service (see 8.d
for required properties). Satisfactory evidence of this shall either .

..

be in the form of manufacturers recommendations covering parent
materials.and procedures or acceptable test results (see 8.d)..

(c) Generally consumables shall comply with the following stan'dards: ,

Covered electrodes for the manual metal arh welding ofas 639 s.1976 :
carbon and carbon manganese steels

38 1453 : 1972 : Filler materials for gas welding

38 2901 : Part 1 : 1983 : Filler rods and wires for gas-shielded are
welding of ferritic steels

38 2901 : Part 2 : 1983 : Filler l'ods and wires for gas-shielded are
-

.

welding of austenitic stainless steels

Bs 2926 : 1984 : Chromium and chromium nickel steel electrodes for
manual metal arc welding

Electrodes, wires and fluxes for the submerged arc
h' as 4165 : 1971 : '

welding of carbon steel and medium tensile steel ,

-
,

| ' as 5465 : 1977 : Specification for electrode wires and fluxes for'

the submerged arc welding of austenitic stainless steel
I

(d) All consumables shall be stored and prepared in accordance with the
*

1

,

j manufacturer's instructions.
,

|~ 7. HEAT TREATMENT

When specified, heat treatment shall generally comply with the recommendations
; of Bs 5500 1985.

.

8. INSPECTION AND TESTING
s.

(a) Unless otherwise specified inspection shall be visual only and shall
comply with BS 5289 : 1976 (1983) and acceptance levels shall comply
with BS 5135 : 1984 s Appendix F Quality Category D.

(b) Non-destructive testing, when specified, shall comply with:

Bs 4416 : 1969 : Method for penetrant testing of welded or brazed
joints in metals

ifPX :QCP-L1372 Page 2 of 3
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;i .

ts 6072 : 1981 : Methsd for magnstic particle ficw datoction ;-

V..
'' ::s 3923 : Pcrt 1: 1978.: Methsd for ultresonic examination of w31ds. 1

(Manual examination of fusion welds in ferritic steels),:

'

35 2600 -Part 1 1983 : Radiographic examination of fusion welded
'

t J butt joints in steel. (Methods for steel 2mm to 50mm thick),

V.
(c) Destructive testing, where specified, shall comply with 38 709 a 1993.

l

(d) Testing of welds for suitability in low temperature service shall be, ,

carried out in accordance with 38 131 : Part 2 : 1972. The measured
impact test value must not be less than 20 Joules at -40'c.

9. STANDARDS
i

) Unless otherwise specified it will be assumed that the latest version of a
standard will apply. ;

..

? ..

A 4 ................ Date .h.*.)'.kk.......Prepared by : . . . ;

....t.r.4.........e.W.................... 6, i

Authorised by : . . . c '. Date : ...

.

.

O )>.

h..
| d-

..

., .
e

s

;

.

.

(

O
itPX: QCP-L1372
March 1986 Page 3 of 3
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'2.10.4 Transport container Test (TCT) No.1014
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AMERSBAN INTERNATIONAL PLC

\O
PACKAGING CROUP 1

)
'

Transport Container Test No 1014

1. Object
.

To determine if a 0.10 mm thick, plasma sprayed, copper coating-(Process j
A132/1, Yard Ltd, Bristol) is effective in preventing alloying between j
stainless steel and depleted uranium at 8000C.

. ,)

2. Theory
]
1Depleted uranium when heated to temperatures of above 75000 will form a

eutetic alloy with stainless steel. ;

'It is intended to use depleted uranium as the shielding material for a
container which will carry large quantities of radioactive material. To
contain the depleted uranium, it will be encased in stainless steel.,

To comply with the IAEA regulations for the Safe Transport of Radioactive
Materials the container has to undergo the fire test in which temperatures
of 8000C will be reached. To prevent the alloying of the depleted uranium
with the stainless steel, thereby causing a loss of shielding, the inner
side of the stainless steel is to be sprayed with a copper spray. There is

,, no known alloying of copper with depleted uranium.

3. Apparatus

The apparatus was set up as shown in the ettached drawing Appendix 1. ,
'

. ..

4. Method

# The depleted uranium disc was placed between the copper plate and the ;

copper sprayed surface on the stainless steel sample. The assembly was
clamped together using the stainless steel place and the two H4 cap head

|, screws which were maximum hand tightened wih an allen key. This sub-
L assembly was then placed into the stainless steel pot. Before the lid was

screwed in place the cavity of the pot was back filled with helium.

Once filled with helium and the lid screwed down tightly, the assembly was
placed in a furnace at 8000C. After two hours the assembly was removed and

L allowed to cool to room temperature in afr.

The assembly was dismantled and any reaction noted.

5. Results
,,

a) Upon opening of the pot a black powder was observed in che bottom.
The powder was monitored with alpha, beta and x-ray probes and found
to be active. -

30 -1-
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i
.

b) Th2 d3pleted ur:nium disc w2s uncicapsd cnd th3 curicce was fcund to
have powdered. This powder had deposited itself on the copper and ,

4

.

copper sprayed surfaces.
I

'

h-s - 'c) The majority of the powder was removed from the surface by veshing. |'

The powder was more easily removed from the copper sprayed surface\
fthan the' copper plate.
'

d) The remainder of the powder was removed by scraping.
>

'

e) The copper sprayed surface remained intact even after vigorous i

scraping (see' photo 1014 b).
,

6. Observations ,

b

1. The powdering of the depleted uranium surface was caused by ai'r being ,

- drawn into the container after it was withdrawn from the furnace. The
amount of powdering'is explained by the fact that both nitrogen and ,

#

oxygen readily combine with uranium at elevated temperatures. In this
way air being drawn into the vessel would immediately combine with cl.e
uranium thus causing more air to be drawn in. JThis process would only '

cease when all the uranium had formed oxides and nitrides or when the-

temperature had dropped sufficiently.

2. The powdering has not affected the result of the test. This plainly
occurred whilst the container was cooling. ;

7. Conclusions )

..

1. The copper coating successfully prevented the formation of any
depleted uranium / stainless steel eutectic alloy.

,
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[- ( STAINLESS STEEL
PW LID

% !

>

\

M4 CAP HEAD
SCREWS 2 OP/

6
*

'

STAINLESS STEEL PLATE
@ DIMENSION APPROX. 40 x 40 mm '

. . ;

.

'

t

COPPER PLATE '

_

' DEPLETED URANIUM DISC
. APPROX. DIMENSIONS 6 20 x 1.5 nrn t

WiQ?hYI

! % *r.%w#wTC COPPER SPRAYED STAINLESS STEEL. *,

i
' ~D *1,.I M 'f 3* * - SfJtPLE DIMENSIONS APPROX. 40 x 40 mm

/. W+ : e.... .
.

I I .,

v

.
.

STAINLESS STEEL P W

l

.-

|

,'.

,

,

*

.
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AMERSHAM INTERNATIONAL FIC'

(3,f

) PACKAGING GROUP
V

Transpo_rt Contginer Tes,t No 1019
_

1. OLM .

To test the adherence of a plasma sprayed, copper coating (process A132/1,
Yard Ltd, Bristol) to stainless steel.

E* Eh?8EE .

0Depleted uranium when heated to temperatures of above 760 c may form an
outectic alloy with stainless steel.

It is intended to uso depleted uranium as the shielding material for a |
container which will carry large quantities of radioactive material. To |

contain the depleted uranium, it will be encased in stainless steel. {

To comply with the IAEA Regulations for the safe Transpcrt of Radioactive ;
.

Materials, the container has to undergo the fire test in which temperatures |

of 800 C may be reached. To prevent possible alloying of the depleted !0

uranium with the stainless steel the inner side of the stainless steel is |

to be sprayed with a copper spray. There is no known alloying of depleted ;

uranium with copper. The container undergoes the fire test af ter the other 7

mechanical tests are completed in which the container may buckle, therefore, ;

rthe copper surface has to stay intact after distortion of the steel,
|s.
,

3. Me thod

A .13 x 35mm bar of type 316 s12 stainless steel was coated on one side* ,

with copper to a depth of 0.1pm by process A132/1. The bar was then bent ;.

,through 1350 to a radius of 50mm so that the coatihg was subjected to ,

, gross stretching, j

;;r

4. Resuits
I

a) The cepper spray remained firmly attached to the surface of the ;

;

stainless steel.
i

b) No cracking, flaking or peeling cf the copper spray was noted.

(see photo 1019 a). ,
,

e

4
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the adhesion of the copper spray process as deveribed in 1. is not af fected i

by gross distortion.
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AMER $ HAM IN1ERNAT10NAL PLC |
'

f

PACKA6)NG SROUP 1

!
franaenri cen*ainer iga 1 gg ,11 Q j

| !

i
1. Object

To investigate the effect of welding near a copper coating 0.1nm
thick, Plasma eprayed (Process A132/1, Yard Ltd, Bristol), on a j

'

stainless steel 316/512 bar. j~*

** .

I

2., T hatsrv ,
,,

i

Depleted Uranium when heated to temperatures of above 750'C may '

..k form a optoctic alloy with stainless steel.
'

,

!

It is intended to use depleted uranium as the shielding material }
for a container which will carry large cuantities of radioactive ,

material. To contain the depleted uranium, it will be encased in a

stainless steel. ,

To comply with the I AEA regulations for the safe transport of
radioactivs material the container has to undergo the fire test in -.

which temperatures of Ste*C may be reached. To prevent the slicying ,

-(; of the depieted uraniun with the stainiess steei,the inner side of
the stainless steel is to be sprayed with a copper spray. There ;

le no known alloying of copper with depleted uranium.

The container is a welded f abrication and the components are copper }.

sprayed on the inside before welding. Welding should therefore not *
t'

ed.erely af f ect the copper spray. ,
...

3. Method |,

A 13 x 35 mm bar of type 316/$12 stainless steel was coated on one ,
'

!side with copper to a depth of 0.imm by process A132/1. Two welds
0 tried on the bar , they were - i

1) a 'V* weld propee ation to a depth of approx. Emm was modo in
the non copper sprayed side . A run of weld was put in the 'V' ,

using the tungsten inert gas process at 250 emps. !

;;;, 11) a run of weld was put on the end of the bar approx. Amm from i

the copper sprayed side . The tungsten inert pas process was ;
..

was used at 250 amps. i*

-

:
. ,

l'

)

'o :
.
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4. penulta j

. >
'

for Weld 4)
a) The copper showed no signs of discolouration. (see photo it43a) |

i

b) The copper was still firmly adhered to the stainless steel !

sur f ece. Isee photo 1943e)
i

For Weld it) )
e) The copper showed signs of discolouration upto e distence of |

Snn from the end of the weld ( see 1943 b-) ;
i

b) The copper woi still firmly adhered to the stainless steel |
*

***

i* surface. ( see 1943 b )
:

5. tenelumien ,j''

i

Welding of stainless steel using the tungsten inert ses process !
et 250 onpo has no ef fect on a copper sprayed surf ace (process ,

A132/llmore then Snn away from the botton of the weld. At a '

distance of 4 nn the copper is discoloured but there is no j
loss of adhesion. |

R A $108B5 E..

d.6D W P06ERS

(J $
,

.
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~ Issue 1
~

AMERSKAN INTERNATIONAL plc
,

1N? TRNA?!0NAL DIV!$10N i'

l

. !

Packaging Group Nemorandum PGM 178

Assessment of Lifting Points on Package Design No 3100A
i

3100A General Arrangement - Drg No. 0A23525 |
Outer Framework - Drg. No. CA23629 !
Pallet - Drg. No. 0A23628 [
Dody - Drg. No. CA23526 |
Closure - Drg. No. 0A23527

,

. !
-

A. Descriptione

The package takes the form of a vertical, finned, stainless steel cylinder !

enclosing depleted uranium shielding elements weighing approximately two tonnea f
and mounted on a pallet. Access to the flask is prevented by means of a j

protective cage bolted onto the pallet. The eage is fabricated from stainless }
angle and mesh, and also serves to provide lifting and tie-down points for the !

Iassembly.
J
r

3. Assumptions ,

t

1. All lif ting gear will be four-logged with a ma.minum included angle of
90'.

'

2. 14ade may be distributed over two of the four lifting points.(~
3. A handling factor of 2.0 will be assumed togother with a safety factor i

et 2 0.,

*

| C. Calculations (outer Framework) -

.The lif ting strength of the outer assembly is the minimum of either that of the !
.

!lifting lugs on top of the outer framework or that of the bolte securing the'

! freaework to the pallet.
I
>

I'

1. The strength of each of the four lifting lugs is the minimum of either i|
'

| the strength of the weld securing the lug to the frame or the pull-outI

strength of the shackle boss: {

(a) Strength of luy attachment weld (W1)

W1 = A x Sw ,

where A = area of weld = a x b-

where a = width of weld = Sam r

b = length of weld = 2 (120 + 70) = 380mm !
.

3 ithus A = 5 x 380 = 1 90 x 10 mm
Sw = weld strength = 0.5kg/mm2 (0.5 x 0.26 proof strength,

SS970 Grade 316 812)
'

(
thus W1 = 1.90 x 10 x 8.5 = 16150kg

g I g , g 70702)
July 1987 .g.
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(b) P:11 out strO:gth et shacklo boss (C2).

*

W2 o A x 3.
<

e

A = area of material in shear
. -

2= 2((30 x 20) + (S x 10)) = 1 36 x 10 mm

i f
f II A CittAV t. set 1. |

!
#O W ;.

<

!

,'-

e Ir i
8

! D'1 O i

-

"*

~
| t

,

,

, tv
. 2.9y,g ., /..

- %
6C <

,. i..

62'

,. s
.u
,,

t
t

'

I ,

= . 5xgemm i
2

' 3thus W2 = 1.36 x 10 x 8.5 = 11560kg i

1

(c) Minimum strength, W3, of lifting lugs is therefore
[

.

*

'|
.

'[D
W3 = W2 x W x sin y

, ,

. ** Ph x Fa |.

'

where W2 = minimum strength of lifting point = 11560kg !

i M = number of points load is distributed over = 2
,

y = minimum angle of sling legs to horisontal = 45' |

|| ); Ph = handling factor = 2.0

,

'

Fe = safety factor = 2.0

4090kg fthus W3 = 11560 x 2 x sin 45' =
;

2.0 x 2.0 t-

*2. Strength of frame bolts (W4)

W4 = N x Ab x $b f
where N = number of tolts = 4 i

Ab=effectivecross-sectionalareaofpit=157mm2 (M16) [
sb = minimum tensile strength = 80kg/ sun (383692) !

thus W4 = 4 x 157 x to = 50240kg,

(t

PGN 178/1 (DWR870702)
'

'

WPX: PGM2-L4423
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'

O. Calculation (Flask)
'

1. ghe strO:yth cf cash cf the litting 1rgs is th3 cinhum cf the strength.

of the weld sec: ring th) Itg ts the body cne th3 pull eut strcngth cf*

the shackle boss: ,
,

p
(t ) strength of luy attachment we16 (W5)

W5 = ,. Sw

where A = area of weld = a x b

where a = width of weld = Sam
b = length of weld = 2 x 025 = 1650mm

2thus A = 5 x 1650 = 8250mm
sw = weld strength = s.5kg/aun f2

-

-*
,

e !
-

thus W5 = 3250 m s.$ = 10100ks j
'' '

(b) Pull out strength of shachte boss (W6)
,
'

W6 = A * sw i

|

} where A = grea of material in shear i

2
= 2 ((29 x 20) + (10 x 18)) = 1520mm

; ;. ..

i i

LUG :III A 9 f or. A i'

'

6 - -

.

i

-
!

' I 9 j,,

|p! \ f'

..
,

i - -

,
,

,

i\ J *?O '

y . , ,
;
',f2A
I~ f Fo .w,, ,

;
. 1/0

.
a-

,

i.

!

2'

sw = material shear strength = s .5kg/an

thus W6 = 1520 x 8.5 = 12920kg
|
*The flask maf be lifted either by a lifting eye at the top of the four

thick fins or by an eyebolt screwed into the centre of the closure.
-

(

PGM 17s/t (DWRs70702)

E ly g p I,4423 ,3,
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[ (0) Mini ^um stro:gth, C7, cf the lif ting legs is thereftro.

I-

w? o v6 n M = sin y !* m u rs !
t

. sere = minim. s,r.ngth o, e..,11, ting lug = ,,,,0,g !. M = number of points load is distributed over = 2
i

. y = minimum angle of sling legs to horisontal = 45'
|! Th = handling factor = 2.0
!

Fs = safety factor = 2.0
f,

thus W7 = _12920 m 2 x sin 45' = 4560ke
2 0 x 2.0

|t
(d) Strength M30 eyebolt = 4500kg

E. Conclusions N.
7
!e.

n e maximum safe loads that the lifting points on Package Design No. 3100A !can withstand are
i
!

'

.| outer framework lif ting lugs = 4090kg {
;Pallet / framework bolts = 50240kg

Flask lifting lugs = 4560kg
{Closure eyebolt = 4500kg '

!ne gross weight of the package is 2570kg, therefore all the lifting points ;

possess adequate strength.,

!
,

Author: D w Rogers !
,

signed: b) o%Dat.. _
|

| i'
.

:..
.j '

.,

k I

i
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4 .

!
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|'

.

'
.

i

i
'

1

:

(

PGM 178/1 (DWR870702)
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' '!ssue 1
PACKAGING GROUP MEM0hANDUM - PGM 215..

!
1 .

*
)Perfornience of Package Design No. 3100 Tle-down Features under 1

'

Normal Conditions of transporj l

O
3100 General Arrangement Drg. No. CA23525

jOster Framework Drg. No. 0A23629
|

Pallet Drg. No. 0A23428 J

Body Drg. No. 0A23526
|
i
-

A. INTRODUCTION l
!

Both the outer framework and the flask inside must be provided with tie-down [
--

elements suffsciently strong to withstand normal conditions of transport. The ;
conditions are taken from the ' Advisory Material for the Application of the IAEA
Transport Regulations', 2nd Edition, safety series No. 37, IAEA, Vienna 1982', j',

and are'as follows: . i
-

) !
Mode / Acceleration

,

!
_ Longitudinal Lateral Vertical

Road 29 29 3g
sea 29 29 2g :
Air 3g 1.59 3gg

4
Maximum 39 29 3g j

Ioad (kg) 7710 5140 7710 (Package weight 2570kg) t,

3. ASSESSMENT !. , ,
l

#1. External tie-down

Nree tie-down lugs are provided half-way up each of the four corners on the '
,

framework. In this way forces act about the centre of gravity and any toppling
moments are minimised. All loads are transmitted through the framework, the i

'

lower half of which is heavily braced, into the pallet on which the flask is i
'mounted.

du i
*

(a) Corner brackets !

i

Each of the three lugs on each bracket may be considered to be taking one
~

. g, of the principle tie-down loads. In the horisontal directions the loads
always split between two brackets, whilst in the vertical direction $he ,,

load is aplit between four lugs. .

i.

(i) Longitudinal restraint (G'1)

This is a function of the lug strength which is the smaller of either
the pull-out strength of the eye or the strength of the lug attachment

,

weld.
,
.

. .

PGM 215/1 (DWR870702)
WPX: PGM2-L473 *

.
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,

!

whero A o cross *;;ctional arca Cf mater 101 in thest |
*

|2o 2 ( 2cm30) * (10 x e)) = 1360m.

L*. !
?> .

i

'

e
1

I I nt_ SHirVAvrA,

i

A I
!

l !

.,' c !
'

% o'
~

~

(. -. ; '- J L : |
"

-
.

y |
-

- '
. .

.

s :

l' ,

!
(@ . Mr -

.

8
. y j. . .

'

!
,

!

;.

8 = material sheer strength = 8.5kg/sm2 (0.5 x 0.2% f
proof stress)

'

(88970 Grade 316512) I
,

thus W1 = 1360,x 8.5 = 11560kg
t

Weld strength (W2) = A x 8 t

i

where A = 1 x t [
'

,

:

s- where 1 = weld length = 2 (100 + 80) = 360m !
,

*
t

t = weld thickness = Sam |,

f2thus A = 5 ic 360 = 1800mm'

I

thus W2 = 1000 x 8.5 = 15300kg

Lug strength therefore = til = 11560kg

Total longitudinal restraint, G1 = W x W x cos a j

i*

where N = number of lugs load is spread over = 2 t

.

!W = lug strength = 11560kg
t

a = angle of lug from horisontal = 20' i

b = angle of tie-down from side of frame = 45' |

thus G1 = 2 x 11560 x ros 20 x cos 45 = 15300kg

m,23j.fma*7a'o2) ;,

July 1987 Page 2 of 5
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- !
The lat:rcl rcotraint is tha c;me cs the isngite4inal rostrcint, ),. .

'* this G2 o G1 o 15300kg.
|
1<

| (iii) vertical restraint (G3)
/ This is a function of the lug strength which is the smaller of either 1,1 the eye pull-out strength or the strength of the lug attachment we14. '

J

Pull-out strength (W3) = W1 (as before) = 11560kg. !

!Wold strength (W4) = A x 8 -

!

where A = weld area = 1 x t i

"
;~ where 1 = weld length = 2(132 + 80) = 424mm

-

t = weld thickness = $asa I
s

.

2 !

.,. thur A = 424 x 5 = 2120mm
. ,

,

s = weld strength = 8.5kg/mm
|t

thus W4 = 2120 x 8.5 = 18020kg. 1,
I,

Lug strength therefore = W? = 11560kg. !

i i
Total vertical restraint., G3 = N x W x cos a ;

I

where N = number of lugs loaded = 4 !
'i. I

W = lug strength = 11560kg [

a = angle of tie-down from vertical = 45' i

i,thus G3 = 4 x 11560 x cos 45 = 32700kg. ;1
, ,

;
!

-..

(b) outer framework to pallet fastening.< *
;

; ',

The framework is attached to the pallet by means of fo,tr bolts and two !

Tuides. All tie-down loads are transmitted through these points as j
,

horisontal shearing forces.
|

) !

shear strength of bolts W5 = N x A x 8 !

!

where N = number of bolts = 4 f
'

. - A = effective cross-sectional area of bolt = 157mm2 (M16) i
t

s = shear strength of material = 0 5 x st i
'

st = tensile strength a 80kg/mm2 (ss3692, Grade 8.8)
2 '

thus 8 = 0.5 x 80 = 40kg/mm ;

j thus W5 = 4 x 157 x 40 = 25120kg.
[

! (
[ PGN 215/1 (DWR470702)

'

( WPX: PGN2-L473
July 1997 Page 3 of 5 '
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shear ctrength cf guides, W6 o 0 x A n 8
_ _ _ . . _ _ _ . _ . _ _ _ _ _ _ _ .

!

.___ _ . . . . _ __ _ _ . _ __. _

.

-

wher3 W o number cf guid:s = 2
* 2' A = effective area of guide = 3 142 x D

4 ).

o . = gui.e e _eters = , -

thus A = 3 142 x 192 = 203nw2
4 j.

l

a = guide sheer strength = 0.5 x 8t f
St = tensile strength = 20kg/sua2 (88970, 321512)

_

2 !thus 8 = 0.5 x 20 = 10kg/an ,

,,

\
'

,

*
thus W6 = 2 x 283 x 10 = 5670kg. i

t

Thus total shear strength of framework to pallet fastenings (G4) !
<

t

= W5 + W6 = 25120 + 5670 = 30790ks. I

I

2. Internal tie-down |

|
The flask is bolted onto the pellet through its feet. The strength of these j
fastenings is the smaller of the bolt strength or the weld attaching the foot to >

the body. f
I,

(a) Flask foot strength !
'

(1) Bolt strength, W7 = N x A x 8

(/ !,

where W = number of bolts = 2 |

A = etfective area of bolt = 157 sus 2 (M16) +

i

s = bolt strength = 80kg/gua2.(ts3692, Grade 0.8) f
*

'

t

thus W7 = 2 x 157 x to = 25100ks. !,

!

(ii) Foot weld strength, W8 = A x s !
'

?::

where A = weld area = 1 x t |

where 1 = weld length = 2 x 103 = 206 nun {
;

t = weld thickness = 10nua ;

'

2thus A = 2060mm.

I

2 '

s = weld shear strength = 8.5kg/mm 7

;

thus W8 = 2060 m s.5 = 17500kg. i

i
(iii) Flask foot strength is thus 17500kg in vertical tension. The j

horizontal shear strength is also 17500kg as the weld strength i

,j has already been taken as its strength in shear.

PGK 215/1 (tPas70702) !

WPX PGM2-L473
July 1987 Page 4 of 5
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i
'

Gl o (1 c We f
t..

whero M o cumber cf fcet o 4 |
*

,

;

W8 = foot strength ,= 17500kg {,

t-

thus G5 = 4 x 17500 - 3 00kg.

(c) langitudinal load capacity (G6) I

:

Here the acceleration produces a moment which puts opposite feet in tension !and compression. To simplify the analysis the load is assumed to be i

orientated through diagons11y opposite feet and the contribution made by {
the remaining pair of t'oet is ignored. t

i

G6 = We x D '-
.

jH=
,

where D = distance between diagonally opposite feet = $60sn ;
.. :

M = height of flask centre of gravity = 400mm
'

;,

!

thus G6 = 17500 x 560 = 20400kg. [
4W '

i
(d) Lateral load capacity (G7) !

:

This is the same as the longitudinal load capacity, thus G7 = G6 = 20400kg. I
i

' 3. CDNCLttsIOWs

e =e=ns :si:1= - " ' '* >'" -- -- " -
|

<>

14ngitudinal Lateral vertical ;

!e

Frame corner brackets (kg) 15300 15300 32700 |
Frame to pallet fastening (kg) 30790 30790 , M/A

*
4

,

Flask to pallet fastening (kg) 2040'0 20400 70000
'

- '
'j

1

f. Minimum strength (kg) 15300 15300 32700g
Minimum requirements (kg) 7710 5140 771n !1:

(b) The minimum factor of safety is therefore 15300 = 1.98 |
7710 |

|

(c) In the event of the loads exceeding normal limits the first elements (.

to fail would be the eyes on the frame corner brackets; thus the*
,

package structure would remain intact. +

1-

(d) The strength of both external and internal tie-down elements of '

Package Design No. 3100A comfortably excised the requirements for road, :

!asa and air transport, as specified in safety Series 37, 2nd Edition,
1AEA, Vienna, 1982.

,

'

Author: D W Rogers

si,ned, pt32g- |p
V Dat., t/v o

PGM 215/1 (DWR870702) !
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PGH 189 '
Issue 1

[ Pecksging Grt-p Memorendum, PGM 109 {
e. ;

_ Assessment of Package Design No. 3100A in IAr.A compression Test !
,

[
\ GA 3100A - Drawing No. 0A23525 |

Outer Framework - Drawing Wo. 0A23629
Pallet - Drawing No. 0A23428

A. Mscription
!

Se package takes the form of a vertical, finned, stainless steel cylinder |
weighing approximately two tonnes, mounted on a pallet. Access to the !

flask is prevented by means of a protective cage bolted on to the ;allet. !

he cage is fabricated from stainless angle and mesh, and also serves to ;
,,

provide lifting and tie-down points for the assembly.,

;- 3. Assessment criteria >

~ 6
...

m 1. The maximum safe loads in structural sections are taken from
38 449, 1969, Part 2, Appendix 3. .

2. h e eenpression load is assumed to be spread evenly over the four ,

vertical members of the eage. !

| 3. W e mesh between the members is 41erogarded as contributing to their i

.trength. ;

i
-

,

|- C. Calculations '

f 1. Test load (Wt)

Wt is the greater of
,
'

N

i (a) Five times package Tross weight t
,

[ |- 5 x 2570 = 12850kg
,

,1

2
(b) 1300kg/m over vertically projected area j

j 1300 x 1 1 r 1.1 = 1573kg !

M .'. wt = 12 50kg. j

2. Package strength (Wp)

E wp is the compressive strength of four pieces of 60 x 40 x 6ssa
stainless steel angle of maximum free length 650ssa ..

WP = 4 x 40000 = 160000kg.*

,

,

3. Safety factor (Fs)
]

rs a g = 160000 = 12.5 )
Pt 12850 i

!

(

E s % ). g g70702)
July 1987 .g.
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| .. D. Conc 1ssions :

1

*

.. . pe:kage posign No. 3100A h:s copio strcnyth t3 mest the rcgzirements of th)i

; 6F IAEA compression test for Type 3(U) packages.

!
' Authors D W ROGERS i
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f1. Test
i

9 m drop followed by 1 a punch followed by 9 m drop. ;

|..

2. Assembly ;-

'aw ,

package design number 3100A (as specified in drawing OA 23665 issue D, |
modifications from issue C as detailed in sketch no pCS 001) containing a j

dummy source (stainless steel bar d 30 x 150 long). Briefly, modifications ,

consisted of: [f
A. Addition of fins around securing bolts on the closure.
2. Machining of 300 chaefer on top of lid flange.
3. Spigotting of DU into lid flange. ;

4. Increase spigotting of lid flange into body.

Weight of assembly = 32 kg. -|
/

4 :
- 3. 9 m Drop Test

The assembly was allowed a single fall through 9 m. It was positioned to *

impact on the top rim of the body midway between two of the thicker fins i

with the C of C directly above the point of impact (photos A, 5 and C). |,

,

4. 1 m Punch Test ,

,

The assembly was allowedse single fall through 1,a on to the target (5 cm i

diameter, flat ended, mild steel bar mounted perpendicularly on a flat j.

*

steel plate and of sufficient length to cause maximum damage to the |
specimen). It was positioned to impact upside down on the edge cf the'

lid, so as to knock the lid / closure off (photos D, E, F, G, H and J). ,

,l |i
5. 9 m Drop Test

The assembly was allowed a single fall through 9 s. It was positioned with |
- the closure angled down from horisontal by approximately 100 (photos K and ;

L). ,
.

6. Results r

let 9m Drop
|

The shock cbsorbers on the closure were bent and flattened (photos M, N, F,
R, S, T U and V). The body was otherwise relatively undamaged fe. slight
bending of fino and scuffing of the jacket. Damage to the target area was
slight (photo W).j

-1-

;
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,

. , , .

1

I*
. i

* !

Punch Test i

p

Damage sustained by the body was limited to very minor denting of the
closure rim and two adjacent fins (photos X, Y and 2). Dam.ge to the
target was slight (photos AA). I

!. 2nd 9a Drop
|

Severe deformation of the jacket and fins occurred, bending and flattening )
on impact (photos AB, AC, AD). The core of the body and the integrity of J

the skin, however, were unaffected and the closure remained securely ),

attached. '
|-.

|
| 7. Conclusion

The assembly meets the requirements of the 9 m drop test for Type B (U)' -

| packages (paras 719 (a) and (b) IAEA ' Regulations for the Safe Transport of :
I

I Radioactive Materials,1973 ").
,

I

| M Baynes (M |

D W Rogers hC c Mt
28 May 1987

!-
.

, .

| i

o

e

' e

s

|

. .'l
.~

5
. .

O
-2-



+ - - ap .~.,-+..~w.-+-- - - - - - - - , . - - - -~---..~--------.--~.------~-.---.-.-------.n-..

3,

a
' f '. !; +.*: ,,,

- Transport Certtadner To')t No 1028
.

4

6

- - - - . . . . . . . . . . . . , , . . . - - .
-

k- ' '

.A/
.,./.

..

.

'
.

, {.P... ..

t
-

-

. .,

| ,j. t * c . 'i
o . ,

~
.

' '., .

. l,; .

"*
t ,

; .q .

| s' A - 4

ejpY di. .

, b : .4
_ n' -

a * '' . - en-

e* g* ; girg yT!M. 'e-e.ef,{
N # ' . wt Jg|ts '- ,

,h *..

(,,, W s s w '*; w
.

. . . .<,,

,

'~ ? ,,o> ' }.

I ; L: eg. gy.9-
;

\ .
<,

w.; .. ; :. g Q. y y
.

,

%i s.w.. . ...
' "

! +: .] k...

l t- .: .

,. 4 @ @ g, 95 j f N h ( $ ,;j p / p g :p
.w.x .

.

6(,.
'

-:J'a .;y
,

,,sg . .a . . . .m , f .:? .'' g g.. -<. y-.n...+ . . -~ .

k.*2AI1*.g
.

4,4y, ' ,.4,,

'D'' . & [ar~ g9 me:
,

,
T

' sh .N.)M. .*tW'.; .'[ . , iD '' .'*[ f/* 'g;
*

,

2., . i :: 2. . . ...
.

,

A s $
' =* * , _,'

s
a ' .'

nanu|

-
Phot.o A

2.

.

e

..

e

<% ~ r w w-+ e .* - ..
_ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _



a sn=sas_wwsm m-m+m-nua. w a,zam-=v m -ww e__smau m-w--wu.mame.ma.~w - -.--_w,w

w32h.--m,
a rm_n,,mm.,_ _

c., Amesehementememoneips ,

q.'-
.

! 1Prenssert osatainer 9 set so 1028 . . .
. .,

,

'
. ,

r e a

e
l'

l

l'

.

1

4
I

.

. '

s , $ ,O

_.l.
.

-
, :.

-

, n,
| : ,) ... - . 1 1 ...

-'
.

' . [ :
..:0r, . Nt . ; ..

'
s .

.. , ,

,.
,

. w- . . . - . . .., .

.

g
* . r.

- -

.

. g 4't'' $
.

p: . .,
4 f, -[ E'

-.

,*
,. , . ;y . QI E -

-

.

.

.# - . t

'M
_

' ''
, ..g @ .. p

., - *& f g e W u s g'.
^

+;--
;. ,

g
. - . . g diD - " ,. 4 ' * * - N. - ,, x i.

,

d.u,+ e.. r
,., .

4: Q e'.
.

'4 -
,

, . YN yhw ,~** * - *s

f| f [ 'i
, . ,%

..

Jp , .y ' !** * ' ,. _'
' ? , , . ,

.. 4 . @ n .,, p e,... n .] U
'

' M ks!*N.,T,.
^

I ;
.

.
p

Ypm& g 9 h : g ['
'-

;,-

pq , m,q&4, ;f[.
'. ,. . |+~,hj.5g:. .| R i

,,

. W.,g, y.y,. , '.- - -s.c. .
; a < .

-

- .w ,"3. . ? y ,, , y ;. . :.
i

-; v~ -
.

x. .* ,:.. |x ...
> .. ...e . b,-

.

,

} ,N,..
..

: h! r '. 4 '[ - D'' ' - -

j% . l ?

*'
- *I

3 ~ % p f Ly & y,.,G.|',.'.>* .:. g .

_ O;:p( 7 - A g g g b s.i
-.p;:.j p$ W. py . 4 .5 %. &:

g
_

.:
. . ,

O, Y. .. , X.c. , :.;: . ,

-

.

.

; ;:
.s. ,s .- . .

6.

Photo B ,

I

z'e. .
'

,

F
i,.
U,

~ U

5
e e

|

1

e

~ a. . .

. . , . _

m______ -a __:_-_____----______--___ a - i--___



. . . . . _ _ _ . _ _ _ _ _ _ . . _ _. - _ . - . _ _ - - - - - - - - - - - - - - - -

O 1

..,f mmy u
.

4
3.}

,

..
.

a. w
, s.

wanemort container Poet see Sete - , Ti 14 . #. c .(, **..

, t .*
3

.1. g ' . M. c. y .f,- .- i

...:s.-
v. . y.

1 -

1

I

!
l 1

| ;- . .

4 -

.

-

1

1 ;

. .

i 4,
. s , .s .

,
.

-

..
.

,, .,_

r. &. <

; . %'
. ,'I hy.

-
-

' '

* 'e.S.i.
-

..

L. '
: '- f ,.a;..

,-

,

, . ., . g ., a, ,.

, w .
.

. . . . f.g
r.

. s.. t. ,. . ,

.+.'

..%. r. , - :- ,1 -
4 . . e,

.- - x
t - -. , . <;,

i

.

' + .= ,,. .

' u. #.
m,

<
.. s

. .-
,;

i + -f i
-

g s,. < .'* * , ,Ad
| ,. - .c

.
.

,

. '0. .<
-

'
., -

s. > d
, .

3 . ,.

-.' ,,'f.
.

.o ,,

.
s,; s

* . ,, .
.

,
,

. - , -,

. | ..,f*-. ,
. ,

. . . , ,
,

.. .

.

., . .
. , ,, -. . , - . . , ,

. , .
. .v... . ..

. . , , . . ., .
: 3. . ,e .

j
-

.,

.. ,,,g

. . . . . . : .<
*

j,.f R ,,gt g . c3;- .

-

t X QT . . , . . a ~p.-n %' ,j;I N ,v y ~,+' t
.

.,
-

y
.:'y rg*s' , s.;. .. .
| f}''g ?.;R.Q'.&., e.m'.'.'.*;?f.,.,

, -

.hi' "CW~.

i .o e 5!5; .;. -
5 '.=:','9,. ..t. .; . .. P,W. .. ,. ' " 'W".

- '*
.. . . g-- - y.,. . h.

- s .,
.

. . Y,t
.,

'

. . . .:,w . . . . , .
,-

. ,,..
, , = , ''' y. a , m 'g. - ...,*.3. + . -

.-

-

r ,s, .* , o.-
e., : 77 ,~ .. , -.<$

.. .

...,%
..

. .,.,.,'gN,., y- ., wd.. g# g,
'

'

4. -

,-

-
,

-

,..

-

, . .
g -. . ..

:.; . , - .n' ' ..N.n r . * ..''

. # - .p. . s . t ...

-- ~

,4 \-
..c -er < ,' 79 y .-

. - :,, , .,&ghwe .,a,'f'| &y
>. . , ,

| ,; ' '

,[ . , I
''' . ,f '

+ .

-tw-.x ;, , . y.a e'' ,
. r' '!

.

'.
.

.
'~ .

K

Photo C.

,

.

4



'. D *f . . , W, .7d'd ',f; fdd,'jb.,*- J f. * .'* I7''A {('' h,[' ,
f a (W.- - M r . :- ^ ^ - ' ' - ~ ~ ' ' - - - ~ ^ ^ ^ - - ' - "

-' -

.

'EyS; ;60 e
'

|
.,

~ .s n'.q ,.; y q ,s,** 5, ' s, :
.

- .--

. . ..i ,.: .ic '. . . .
1

'

.* ,@ ' h **, 4*a,$#. *

,,[l . [1_ _'- C erete!1mer fest no 1028 i
... %

' , ' *, ,

. .j,'';..
- -

y t. e
',' ,. .',g,' e .'j ',- -
fp' , ,.J

.

f .,
(., ,

, )1''.,.' t. r . s
.

,
.

,
. ,

. . - .* ..t,e..
- - -

-.*4:< e
.. (

a

-- ,
. .

.

j
r , .

'#. . . [ ,I ,- 3 i|,, .,

*',

*':*4 4
.

.

.j
,

'~

<.

g- A ;i
. . i ,= r s . 4 pg,9 i

... ,,' [ , e ..
- c.,

, 5, , J '8 '- |**
*

.t,
--

. , . - . <
, .

--
:.

. f: , . .
.

-

-

.

,
i ed j1

. g,.. . ,,

J' l '* '4' ' :-
, ,,,

, g
*-

.

. .Qtk - ;
' J, 1

-

*
.

, ;._

. .aw -

! . y 4, W3., ,* i

( ,

-

#
.

-4 t*
, , .

t.
- *.

r .

\ 'e /. * I.-
* - 4, ,

'q,' . ,

f .. , :.%| ; *,.*
; ,+ ,.. - p4 ,i . . . - ., w,.

' ;** ;g%< , y '+, % ' 's ' *e"
,,

\| W : ~^ |:[
'

,

*n ' r E ' * | w..>
'%w *r: :-^ .r. 6 4 <, j -., > s,

' * - r..' ,Y
,m

:. -.,,u,.. |* g ,, * * e

'

:.
. ..

,

,

''
Photo D

''
,

,

4).

h ,'
i

i e

o

>'
r, ,

i

.

*,.
1

1

1
i

|

1
l

.

I .

1
i

|

k, - ,

_ _ .



+/, :v ....n... . iy ':;qqg w ~~R
_ -.__ - -.

. , .

Amsma==temmeden#e

Q.[.g . y;;g* '' N'.
* !.e; 3.- .

ff'''
-

,r.. '

..

wee 6e6rt cintainer voet no sete
-
. . .

, ,

* ,, ,f '.

,

. i. O , ,

.
b i '. e s '. . , i w. s. .,

.

.g ,..

. . .. .
-

. , .

-
.

. !
. , , . . j - -

..

- -

.

e '.,,v, ) , % ., '9- _

.
.*rgg . .

.
. i.

' '

i - Ly 71. E ~~TO .71,2 ,. g |'
,

- u - im , : ,] ' > s.r p , . >

~. _;.

.s.
. . J. '' . " - . g, , . . .'

,

. t * .- ..

ese

y .. M[_.f;R ,e .

x' '
"~ ., ,

.: .+ . ., . . ~. .
!. % >

3 . p;. -g;.:
.

y f}ba- - g.
..

;

-
rJ, 1

- .b+
, .

,: >f - .3 9.n;
. . .

.. .
t ,

.oj.. 7c .3 g,;.. j
.

J. q #;C y: . ; .| - .gf, , . 1 .

;,-

.

IJ.,[g .

'* -

4

. ;f
1

'

.

-s *:'
i - .. .$- . ~~. ' . ' . , . ,

... r.

. .
4x. .

,

. ,. .. .I.
.p . :. ei,r w

41 ), ..,
i. e y a.vf
.

-
j. % 3 . . +.

,, 4 . f t.. ..

.,

. :, .. t,,'
. ',vy.,.f'h

.

7y .

,
. *

.i.,. . , ,

~ . .
;

_

.,
. . . .. . .

-

4 .
. ;g .. ., . v ; my ..

- .s

,

- y;, . . .-

5.
* S g

' '@^ M'.g -.,E. gyg g-

' *'
, 4

t.|( 'Y { , * ' .A)k?S'.|* ' &8

.<. w gy g, g(! ,.
~ , .

~,
iv _

:

. p 7.pyg p p , ,by $f"
. .- _. -7-

.

h-
- g ,

.s** v
M *

.

~,f: -: 1 &,m "O,I
- ., ( --

-, - '
,

,r .I.1a>X'@f ,.,''.
'4'( Q

)f.-.,.e|'' , 6; -* -

;.i pe
O .+.k*'t ?., j ',"

;;;fo'O
j ' .|

* *
g

< -

. .y'

Iga

.
. %[A',.3+4@hhDf|

. .. ,

NMQ::.I .- Q.

;

.

e

Photo E

.

G
.

.

+O
e+.e

.

^^ ^ ^ ^ - ^ - - - - - - . , _ _ _ _ _ _ . _ _ _ __



W-_9.y e esxg
+sd.g.> sm .a a.+.=* .em-+ * 4---.as<<e.ma+ae a-. .=.AA.a.s..=.=w=<-e.-- se .n- #$s

-

j

amorenamenematoneere.a.m. 88

' Ie 4 a.* t , g
8

sys,4 , i' . ,

|g:. |4 ; g, ?',* k I

*, er * 4*, leA *
e I

o
- . m' i.

Transport ceintainer Test no 1028 .. j 's, '

, s.
.. i

, /.; .

'4

.

*

t.

. , , , , . .

[ .: *

. . ..;..)
, -4

N '5 .. . .'ie j
s

f 8
*'

'4 ,

|,. . > .-
e

h '.; .< .se
'

s

a + 4 ,

"N'g
-. . ,es g

.,. . . .' j, Y
*

. h .
~3 .-

*
,-

. . , ,

f .).,..). u . .
1 .4*

.$. . . | . . a. a .. k' 2s . ,..
2

- ;

.w: '; - - r. .}s
-. * *-

-

-

|
-

,

,..; 31-
3 W,,

:--,.

,j . m -,4 ,e:c r ; : .. . . . % '.
.

,
,.

- . .

.j , t, : , 3 c. .. ,.m ,.

|9 4.'. s.
-

,

if- .5
"

x x> r- w. + .,;, y .: . ; ;; ;, ,; ..a
..

. .e:
~

: . ,v
..

. . ,y - f
-

[Qg}&; & ,||:?
. 1 ~|' 3:t

~ '

; }A(.. i- [[. ; {[:
,

t

j.1,.a .e t. wg. .:; < -
'

4 ,'. ~ - g, . . . ' , j v(.
* *

'*|i ..

[[a g[hhM+Mh$
<, , ,

. _ . . . it Y |
.

.
.

;,

? ask. . . :,1, #.p, _'.y.,..<

,

; agkn M, u:24*- \

,

,-
p.w . ?

,

Lyf.... . .-. - f . ig-$(, )>
.

i,,
.;

,: , v.w -. ... - ~. s
,, -' "' dt . 't h*

.

.
)

n . . - M .' . :.]
t

| ;|
: '

n. .. < -..' , ,

[' !' ' [ S7 ~, T
-

,

@
- ~a; .. . , .9

,
-.

, . . -.
. . . ., . , # .k. -tw , 4

. ..

.- ;..
.

Photo f'
[
[

..

t ~

t

a a

t,
.

|
I

!
|

0 |

|
|

|

1

|

1

|

,__ . . ._ : : - ---

-,,. _aa-,e,----__ _ _ - , . . - - , - _ - - _ - --__ _ - _ - - - _ _ _ - - - - _ n Y



,,$K:,
-.-. - . - - _ _

"

_ '

. j',},..|'[, t .b|f
'' s*

a o.4, a' - ~ ... 2, . |
,

3 .:';. |
.v

LF: .pt 's :- .. ..

[: ' s. - ,'
,

.

( *

*
,

t

:
- --.

wa a w ' w
*

e..* w'''
,, .

.ses .2*

* - ...

t . .

+ , , , , , ,

m
j ,

L

r

i

|
1

-

i

*
-.

,

;3..
. ..

,

'

; 4[; |
.

,,.;*. .[ ^ .
N*

t 1h ~

l ti s
" '..

.

,,
%

di :: '

'
.

Photo G
.

*

(

..

l

,
,

E

:
._, ~ _-.___ _ _ _ __ ._____ _.._____.__ _ __ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ , . , , 7,7--,- r -- . _ . . _ _ _ . _ _ , _ _ _ _ , _

7 i "W@g6
a,'.- i .4. . w,g.. ,;;' ..

-

.

: cu e wie , s m. ion L'..
>-

.' .; ;, '
,

U '
.

1~ ,
l ,. *

. s
r

! . -

u

* '

: @

;T* ,

\ Mi 4-
Sq,

_

* _.
-,2.

...
.

*

i y
fi

I.
'

j,

;

! ' :

1

l

,

?
'

' , .
'

' 4% -

. . . . ~3I .

<-

.

.- \es *
i . ,. . *..

3'}|
,--

s

,

*
.,

.

. b | g

Photo H
.

&
4

.

i

e

t

...

_ _ _.



,..y,.-... - .,, _, . . - - , - . . , _ __. _ . _ . . - _ _ - -_ . . . -. .. _ _ . , . - -

_ .. . . .q
.{E ,.> s s s , i

-7. ., i

..
'

41 ?

FY. Tran0 port Cont 01ncr Te0t No 1028
'r| |b

,

,; W , ]
e

|- . . .
|

.\ |

|
i

0

q .

1

-

'4,.,
4' .

s1.*[ ' .
'' % 'E

'

'

)
! -9 g '

- 3

.-
. g

; . '. 7
[4

^

y

: . y\,
,,A;'

*^

e . . - , - a
,., f.;

4
* - fp. 't- -

_

._; ..

d'.
~

?
_

|-

* ,*

k- ..
:

[ g,. .,?,'
- [ ;,;_ ' __' ___ ,~~i...- :

< g-*

; j . . -:t . ' . . - .y
* .

+

" ' ,. .. ,

, 7 . ..

|
* *

.13 h 'd , '.' - .* , , . - 7.a==
.

-u

g. J |
.. .. 4.-. .g y e k ' ,,

,, ff, j .. .
. . '

's *
,-

.
, *'( ,

r emme
--

1
,. 3 :.

#
. , %. 3 j -

1,
.*

.. .. % g' : . , 9,;
; . ,, , ,. ;

. . I .. s.. +y p ,.
4 n' ..y t

.

1g p ,
:

,'
.,.r-v * . ' . * , _

* 's .

, . 4,,. 8. in ' .. y
_,y

'-
"' ' p#J, _ wi y -j.

: ,
, _ ,

;

|
g,_,m . . a --

. ; y. 3
. . . , .

.,
. ,

A $<-M
.- ,

. .;
.

t .

-;y,g., -% , g.. : , >< ,:
. , _

+ . ey ,

e
, ,

, i

* e if
* e

, ' 7, y
f r

.I [ J# , ,t,.''
,

J8.'=- ,F
,

- .g . : 7 -
.+ it;-3'',!< , '

,
-

t. , ., '
,..*

,.,;
-

4

, .g '

t e, .3.'.,
.- S. i . , g .4

* - ' '+

, - , -. j+9 -- .
,

.
<.-i .. - s.. . ..,:, , , , . .,; , ,. ..,g

;

- = ' , . >
j g. 3 ..

.-
- 5

--

h * ' I '' . . ,~ '''I' | **. .:
^

. . . .
.

. ......m . .'.
' > ,, s .

. .. .

k % ,.. ~ w ;~ $ ''p ~r 4- C.si .;; w,;+ ras $~,. ,...
' '

- .'

[*k *htiw a d e.; w[un .x.hti,- - . [. ..

y x p r u w . > s
. m ;. u y k m 4& |,{ g 4

m
. w.y .4.:.:y. 7..

. . . -{Y,'1 _|, y ?*$*W'1 }ij< T[*dQ'.'.' .), . .
. t1. .. a. y. . mn\ . p ,' .. . ;s .;g. +. s.-

, '* ?4fO Q
%

* } Jgg ..
w c

"".Q'rt$_ ]'8"M.b;c4%gfgd(p %g..,sfo e$g,JW g,)Mg,gg g gp. %y g
_

, .

bgg -
i

.

-

-

7, . $yW,1M%
.

. . g , ,' <

. .

F Photo J .

gi

* . !

1

ML.

.-

e

.

i
i

-

.

._

t -pfy- .,



2. . .
.,

gt: TranW container Test No 1028
,

',0.'
.

. . . . . . . . . . . . . . . . . . . . . .-
-

f: V- 4
. , ,

f f; g> u,' a
,i j _

i. s
. ,. - :

*
.

. *= . , '_

,;..fs.< ... , . e4 ,

. .,,1... .r
. y .'9 .'4

.-' (.
*

a.,

4 *JQ~]
' - - 0

-

.

-

I - , .4 a- -,'-,6 -.- t

. , ' .1

s

,,g ', .| .

| .f
*** - *'

, 3+ .

, e ~- s ,

[, J - ' , , ; * , .#
, ,h.*

-
- ;.'

,
, . ,

,. ...,o- -. ,. . s. _ ,. . . .... -.

f .

.-..*!
'g,' ' ' 1- ,._$ [' *. . . , .,

W

- #. ,~..1 . .
. .

. . e ** v .. , p g*,h{-
., .

" , , ,. .,S 3rg .-. . *; j ' 44 ,
'

i :~
' <.- - .

's }?* : . ,,..N* ''
.

|y,['

.

- i.~ x .
w ;.

'

C*l '. f
' ,,.' *.-

,

. . , m, -

..M.[-
'

]k %,. - .;

;mmwo.w:-.

..

; . , , . . ' < J ' |' .

._
_

-.
_

| 3. . . Ag,;. ~ - ".

| 4
.

- auss* e .
[. ,O * *_g '

.
*

.,

. * .
'

'

e=*No , e, , $ %"'
*

g

|
.

.e

:_
Photo K

k

I

i

. .

d

.

-

.

(
8

. -

. _ _

T w Ft= y wr __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ _ . _ _ _



.m . _ , . . . - . _ . _ _ _ , _ _ _ , .._. _ ._ . _ . .. - - _ ___ ._._._-_.__ _ _ _ _ _ _ _ . _ ,

; .-
,:e >

>,

TrenCport Container Toot No 1028
.S .

a

..

^:;;
.w

'u
'

.- .
, .e . . . , , .

. ;>g i
" .mx,

,

'

, . , '
. ''

.,

? ' ' ' - ..-%
.

. . . .
.

..

$,;. '. s..
.

*** .+.3 .
- ,, . *.."..,s~. . . , .. . ,_.-1 s .~m.: ., , . , '

m , ,, . .r2 i

.(, , .{, . ., , 7 .- .
* .

r.<

* . , . ; 3., p ,
-

. , , ,

# '

' :. .. /.'w,--
..** 2 7' - E-

.i

y :,. . .

?u ' '
, - - , *

'y ; ..
.. ; } . .g.b.;

:
, . ; no }P > *A.
# * ' . , ' Oo r

tu!l - ., . .

- 9,+.
.

'

,
.. m -e .

. . . . , - . . '__.-..,~4 -. *.:d. , , , 14 : s-

g''/ .

; , ,

} , ' '~ , ,* t: ,
~

^ ' ,
km a. i

* 3 . ,~j,
''

.,
.

* +* . :<

_

. .RQ , e; ; ; ,
.,

.'* ' } |& y . ,, t?
,,

. n
.

*
'. , ' , ;i
. . . . s:z. .+ e, sc ., .. ., t

.

..
...

.

4 4
Y.. N

'

,. .
?,' *

- .. s .. f
?,..,_..g.**''.

.. 4*Ns4"7
.- .g

'-
. . < .

-
s,'',. ''%=..q ,'

- .

,1-
..

., 3 .':) . . . ,
- A:f n os

* <

. **h %
3 4.{ #f. .

_

'

4QS'

^

' |d ; '; # k$-:
.

. ' , - 9.

,

,-

.j, < cp. - ~
*

.

,
.

, , - 4
. -(

'
a..

,
,

- , " _ 4 Q. , .
.

A
++ ,

.

..

,

6
- .- .. . - , .. , . _ q ,.:,

.

. . ; ,.g. n '' 2 .;
,

.

m,g A4i
. p

- ,. .

3 .. . J. . A
r'

- ~g . ... G ,.. g, ,..e
:

,

- . . , .. ., . ., s,3 , . .

- gw
'

.. .

i

f j':a
. ,

k)g ,,. * - ' q.t , p e s .. . ' . ,
", " 3:, ,. >g' *

v/
.

,r. .. ., . 4,2 , * J.
-. .- ".;

- V ._ ' 7. >

A t e' ,

,? .,a ,. s
< .,

m
.

.

Photo L

,

1

[

'

i

O

'

'@

l .

|
'
1

|



p, '. ' ' 'C % __ _
.n . , . . - - - . - , . . - .

_ - _ _ _ _ . _ _ _ __ _ _ _

,

** h I

' . . .. . . . . ' Wensport Container Test Iso 1028
. ' .6 o . ..

,. . . . .
..

- -

. . .. s, .c-

-

;. % -,e j -
,

.

- - ,u, ,... .'

. ,

*t -
- . W * *j,"; j

_j H ; , g x ,,

. ; . . .# . , s ,
, . . . . -. . p. :.

e

'

;

. , .
-h i, '

~
'

A"<'

_- ,a.. '%
| ;

_

1 ,.

L. . ;

- .,4,
-

,4.,,. .y .
7.- g. i . .

5 -.

,% -

6

,
*

.

.g<' 4'
, .. .- . ., .

e
.. !- -

,
.

.g < '. f V >; , ., , ., ,+,p*: . .. ,
*j 2 . * , , . , .. . - - , ,. .

. . -
,#

-

c s. g . .s;
, , - %. . . , ,. g s

. .. .J '

y m,t qf. ,-~ * ,,.

, g .,, , , . y y i- a

.

,y, e- > .:

, y ;* ; .. -

(%
'

'

*' [ k. ; ,

7 ., ~ 4. ".'- ' ' j
' >i

+ , y -- ../,.< .
,9 - 8 - My. 4 !. 4 -

%,,,,, .- , ag:
-

. , . r .* .L u 4 . .). ? g y ;p p - y .y, ( -- . g.
..

F
_ 1

. .;
-

.
~- .,.r. .,. .

s . j hs; ,y 7,g 4n ( y.- ;' 4, .
,

.

q<> gg .-
,

h |. . N,g ' .', U h ? . J 'x.in/g |
,

'

* , &,2k~ ~:
. M : : ' ' : y c>;'f.p'| d e.,:, ' ?' i |

" . -.aa .,

%# '.h
.

% . , . . - ~ . . . w.X i' 3,. h .R . ' Q.f
^

g* j hy[. 3 } _ |f.)n.tWM; 4 #4 9 q 3 j ;& ]p 3,
i

:

}..,
,a

,.Y Q f - :.7 %v' W t'

| ,

,

. gp- f _ y> .

, pg.g' ;g' ; .A. ' : |c , (,k ' , -J {? Q ,.Q'p, $. - j,; g,g, . p ,. 't :' .- - ,

;

p
' ;.-f, .k% .

e n . + ,. 4 ..y<gi . 1,
4. ,r, .. t.

i

g*,'',,;gkp-
.. .

k.,'!,. rA(% \_6;;,ge |
~

5r
. ,

7 ,

.
? m .c rsew

p, ; _.y v. m .< > & 4' v y,, q n .44 *g.t v. ,
.

6

cA. Photo N

1
.- .< ..1

. . |
'

,,.;. ..j , ,

A' '' % '% < N h_ v .'. ; '. ~ , [,;y
.

: ..w

| { 'h''4 '.. " , . ' !^',* f.- 2
. , ,. ,, */ ' 4; ,., . ' l'' .. , . y j .t]

' ,

'' *

j - y ,
, .A .

'

h.', M'[p+ J
| , .,.

# O4 ., [.g./.:.,[i I + \ M.' giIJ4 ~ * 9 N .%f. ,%:./ ..

: , ., .

, n. 4 d 4.. 4 $ ..
.p % 1 , . t . . -/.> ** o' - -

,

p(_. h %'

'
'

:. M> %"'*k-| -.}. g ,.
.

* i
.

,
.

, ,

ye. . f f,;lk_,7 ;5,, ' _ ^ 'l & y| . 'yG:.-A'' .E
p

. ,. s. . r .s

. f jf|% _ ]
''

' j, y:
-

> - . % . 4,> - y 3- 1
-

, e,e, ,,: n..,. yr . 1

;' . , .
g . ,.,4,.

,
,.x g . *p $* . . , . . ,. r 3 ,

f 3],. .- , .. . , .. g

fy-.~ .. x , ' < v.c ; .y y . ,[,,, . .,+ - ,
% , f _. - ' .: ; , y 3_

, ,

.q. : _ ., 3yf . : w
. .

,[ ,f -
.

_,
,_

'.[. 'y if_''
. 'f _ f',.

; . . ,
_

..vi.

, ,x,;t..,
_

. .. , ;
.;. .

.
, .

w,, y +
''

t. -

%~
. . . ,. jg.

.. g.,;,. g; ,,,

,
%yq:.

gi np p * q% 4 A ' tM,g ,y ?_- . ,v.= . ; . ;,. . . ~~

.-.s
.

V .' 4 ' ,. ' c,. .
s.

,,

'
,

'
/ v.. ,

, +''.,.; q, .. [ j , . '' . .;d '}' - - 1 .4

,T " ,. .b..s;k ja - \ ; - | 1 ' L '. x14' |;U. %m .3,jfjf).{.t:i
-

.
.. . .- wx w -

:
_ q

''

'L ' ' },.{ ,

<> ,

{ [ .

'

,' . :

:. w,>- ?.: f_, ,- ,4\ ;.%' .p r >yY^ea f.
.: . -~ , 4.5,3

* ..n, .-
'A*f_-. ,,. ,. *; , % ' n

.
.

.

g,j Q c1,~

)
'

I+ * - , , .

.. , . . .a . . . ., c .y ..
"-I'' M- ( Y j ,%--..,f..,,*

' j . ?,.L '! .|*"| N #s ffh"'4- b ,i' ' . Y R|k
I ' . . g , g g.,.

;
^ * ''' *

'

| | . .. . . . 4 ... | ''% r..
'-,. s . ,

1 ' ' -
Photo N

!,

.
.

?
I

| ' * . . 't

1

, , . . . _ . ,. _ ____ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _

-



h ._ %C'e De , 3
'

m a<t.; y .
,,_Q- 's

|y .

!i. Transport Container Test 38o 1028
F

t ,..
|',- - , ,'

T4:

' d. ' .y

e

4e: . . ,

t .. . ,. . d., -y . ..

- - ., v -.g ,.

.

.,
. $ 't p . .i

.
. ,,,

+'
9

fe- ..A. [ 6T'
''

#3 ,

..

- k J.

v . .' % -,

Jg, yf g - ..) ,
. . . . . .*

,,
.,y

.
4 g ,,

'

[ g ,
.J . ;

*

.. -- . ,:.. .g--

,,_ .,
.

% % ,s. 3 y .
, ,

R,

. +''.y.
.

...
.

, e

g F -

g

M., e ..'4,
. . . , # m . , /e ,

-

-

.

'g , .9 '4 *

*~..'4', g
4%,

'-
-.

.

,M.
e. * '6j.* , ' . , (

.| assmo y
e , .

* !;- ~ . ;, r . ,;'.\, - y . . . + .. ,.
| .au . . .. 'w , . .< 4 3 4 .. , ,,

,

W y .

p - '_}. p ' 3: ",4 *,, * ,,$,,
#

; W-.

, # -. +

r,
. ,

, . , '
, ,

~
., . ,

v,. - + . , - i t ,.
* , - * . r# 4 .5

1 i.;. ,sene
' ' f ' , . .: , f8 k .-

1h ,.-j.'' ''
- ,

'..m
. (< , . ,

,4
. ;.,

,
, . ., s* , -* *E

* - ,7.,.. gj
. e

, .. -, 4. ' s4,l .. . . . . ~ ~ -i
,,i

g|

,
.

"4
- " '-

,
t *

. a*

.' , 's. [ '; , {~

is . . .
' ,[ 4d ., .. .., . .,f.''t,4 .H,.-

,
. ' . .

'' ' ,.., ,.' 3.i

- * k 8 . p fq
, ' ,'.$ ., ' ,n W <+ ..

*'*
.

i s. s

.' a, - e g
.

> .' - hp" ., ',g '
'E

f .f i ,'

.-,M, ' * ,f - 4 . 'f - ,.
. . . 3 g. s,. ,

I. - ;.
*''

4| ,g , , -
-s: e ' ,n ,.

e ; .. .. # ,, * t.4 .

v , .s ,._, .

, .

l i D , , ,
. . . . c. ., .= ,, - . . , . .

n, 9 .
. . ., . . . .

- . ..w:

[ '*

Photo P
\:
1.

*

{ |
.

,
, .

a; .
' k' 'i

.

f ;j, '

4

| ;} ;.~ n
' ,-

e
: n. ; , c.m

v.e .
. .

. - 1 . , ,. 1 a.1

, ,
., ., -3

1 ..: e g -n--

s ,,
, . -

.* i, I', /..; g ,. , ..

, ([.:.u) .
i #

. j
. k . ' , ' , .

, , . '
w: e

..i e y . << v..y
. | '%.,: , ;f > , . , .g .3 4 #- ,4

'

b, , , , j* . p (d .
''

' '

,''? -

,,., , ',e ':

.~...'y- . ' , , . 4 ,
:.-

%.
,r,ta, , ..

-

g - *-
- '.yy 9 -

. . . ; -
..t,., , . .;,. .-

'V , ,_ ,..
t

, .
- . ,

>
-

..

-< +. - e. .

,; Y
,

v .

a

M gu , ' * '*
i y

,,
a

* 'Y.g:*'

'

f. A;.Qp t & fy*
-

i.

'
.

, ,.,

V ,. - 3 {m. . .r .,
-

- .+,.,
. :: n,n.

. .. m
.

.
- '

_ 4. 8
-

f, , ,
_~

-

- +

% .

';. '
,..+t... - , . .

.
. ,.

+

; (j"< ,
gf

* ' .' ' '' , * *% . . f ).: ] Ad

+ s , .,'t
.

.
e

..
y 4 ,

-

,

% , .h ' -

4 g
'

% vf . * g , iM.*, ' 4
,

3
: .g.,j s ; .,

,

k '};., . - , ,
" . , ' _ ', h

*-

! ,
N ".,'4 y

' 4 .

' !, _y
. '

#, p. j. *'
, * '

,

5
,

r
. < , -

.
t. ,

,d..
.. J. \ ~.y?_ *' ' *+ -

'. - ,, .,% st. -

j , ,,
, . .

'a

''

P . [ , , ,, 4 ;
-

.

,

'.
, . . -

.

Photo R

. . _

* - *__ _ , _ , _ ^^-----_m_ _ _ _ . _ _ _ _ _



E g.. 3. ;,. M9ntemptionelpic
~ ~ ' '~ ~ ~ ~ ^ ~ ~ ' ' '~'~~

l
\c + >,

iy |
*

}
|''

Transport Contnamer Test 8Bo 1028 .

, , .; -. - ... .~ . . . . . . ... . _.,, ,

'. ;.q.,,
? ,

.
_

g.

s%.4 , .

- . .
.4-

. . 3.f I[ ,~[,';j -(. . .. ,% .g[- '
.

. . , p.: .. . . . .

' ./
!

* ( , ,- , . ,
r - y g .'. .

.;
, y n u . .s g y.

I,;y r ,. ._4
'

||& h<
-

W: . ;3'

,,; , ..y
. -

;v .

. . , - ,, .

* .

.e- -:
,

. < , .+
. < . .

.. . . , . . +
' (~ . - -

.

* ) - . i,
*( ,g,, T+'

..:| ., * $ , * .'
_

.

- ,e - .m. wy. 4. t ,,m. ~o. .
,

.

,. , . , \ ;. -:x
;_ ., .s\ ..M. [ L ' ,. , .' Me $,# I: + I 0

i i . . , .
r. . . .f . - ,. , t 3 - ,r 4,-., j

*

::.-,
i >

i

.

s .'
-

.'*.

.. a.; y.~. . . . .

A, gv. . a,J
- ., . ,

..-

, m.* 4 :.-
.

>. !% } ,.
< y. ;,, '

. .& 1g '. .

g e .. s ,e

' e- *+a '

.
- . . . s . . * . s . o

. e d
=>,e&' ,,

4 ..

f' 6...3,,f . -.

; .
.;s . i. n

fIII psj;4.
++

.'v- .' w
,

}
,.

, . v._ * ,.-
, . , ., - ,4 , , , , , , . J'. 7,1% |

,.

1

'

'

n;, r,
gO_p.- .

1 .,

,

7 .. (. - ]f;.w,.y g 'yX, . : . 7 , n, j
-

. , ;. *
;

|
-

1*

. ;> . .. | , . G.%''
' ' ' 1- ,_ R.

-

..
,

,

}j\, % ',
44

.;, -v .. w, / ,. ,

:i l
' - +- ,

|

'3 .

uyg,3 .x 4 : .. .s . ; . . , s. ., .o , ,, . mf g _
y ,;, # .. . og 4- , s. . p; g tt;

,. .. ,

[ .
, <

-~ : .
. ..* ~ . + . _- , _ - , 7, ;

..

,
,

Photo 3fk '
I Mt " '; h& ' ,, h_ _%, [ f.p.,V., ,. - >.

.
.

p... .. . . .
' , -

' g&n,4% * % xx' u_ . 1,* * ,',, ,,

- . ,yr' ... *

f .W ib Q ,, '
'y {$ :

,

. :, % - ,
|,.,,,',.

.,

?
. .:g,

{W
'

,

. , . '
g' , ., . * #

.t'.. y ]' i : ' i/ *,J4
, , , , , . -v ' t, s

- ,
[- < g ,. - . 4,.y . . , , ,'

'

4. ', . , ;,4
-

eg , , ,' , 4, e~
, . . .. ,g,

% 1 * 't 1*q ,, g*.' . n 3;v
,- 7, ,

.t.,,3
-

,

.- g,t .: - e d" , \s . yng'

Y. , 4 , yg 4, ,; g. , ,, z4 .

- w.

.

..
,,, ,.'

*"- p: * y ,* . x ,

.. .'*2
"

,

.. .
~.a . ~ ._ a p.

.

k ..: sj -h.. .., , ~ ''
.,j ,. y i''.3 gg. ea' ,

.
,. ,

:. p : . y - y g4 ._ -
%'JAN|;'. 4 ff :, ' ''

. $| , ~q f
~

' . . ;

; ,. s...'.4 g
'

,.
. ..

.. , .. , , ,, 4.

n.e . ,

L*> j ,g . .' _ (- 3
.

%<.. p |,( ,-: > 4.d. , 4. .

.

_ ' '

g 1,_ , .es v:
. . . .., .n g ;; ',y . ,j y, $ - ggip

- . .
e.}* , 4-

.

. '' .

'

. J: .*

t y f V, .t %..,..'["y f'fff
M

"yg2
- 1 .) T t,

,

[%. .
- , A , ' .

.
. ^- L<

h *
.

. g w. .
4:

-

, ,a.v. . .: ', . . -.

., ,= * ,<

,,
- . , , . , - .? ; - , t.g

- N. . ... . ,s
. ..

' d.
ga

,,i.-(,, , . 'n -
,

;,,ip a- y *,a,
|

,#.
. .- , ,

* jy,'

..''a. .

,
.

- & p'-
e . . g !. yg, - s. r-

>s
, <...

q A ,, - , ,
.y :

> ; . .g h.

, . 4. ..
,

e- . #
. . .,

.
.

i
-+

'

4 ' K , , ' , , -, y * * , p. .A
-s.# , . . . ,

o .-
e

'
'

.

' ' $ er .
.t ',g

"
"

' s,$ .';-
I

. , , , < 'j. ,

y .|'%',';y
:,:.

%,'_ f 7 R ._y
.,

. .e + ..
.

+. .

. ' .)
3*

.

* ^ w; . 4.
,,'' * < r ,.

I

k,
_;,__ _. :.

!
Phot o 7 1

I

|
|
1
|

|

|
. , . . - .m. I



, 4-
.

.----- _ .. . _ . . _ ._ . . _ . - -

.-
. 7_.,_._

1

. g_ |, i

Trentport container Thet No T028 '.. , f. ,

** -
;

**
, '
. ;-

s.P) s.-. 4
' ' . -.. iz ; .s .

.. ,% ,:,;ta -.

.
' .- , . .

.

.

,.N - ,i sr" , h L .E,) ' ~ i' . d '' '

S.' ;.

5( .

. .J /' .,# .

, ' ! .'. .: .,
.. .

. . ge . . . mat. " g 0 , w ' *.y v.+ . v.t.

( -. < - . > >

:} ' r f.1.
'

. :: : .

,

.p f< - *f%th . . ' -
,. , y +& .+q.. ..@ k ,i +. p. g

*
' , .

> z.
- *'KV 4. y,,4g ' ,.,

.

%. J Qk M \
,

. 4 : .; fy .

~ hit
- \ . .' '' .{ h? f ,,f, ffb f' ,. f w)

_

_ . g . q Q g y ; ; )c g 3 8 -$y[M. , g . g.<. .
.

\ . ,
~

5N
'

.,Y ' 'hN.Y,.O~ *

,- , .,1 y>e,
.

4o.
-

,. . - g .. .,

...
p. s: %yN( g* p'g ,, ,3

.

4q . -, , . , ! ,; m.1 v 1
.

A ;*,' f - j

j - e% - u

,

t., y , .. ; '. >.y

yeg#a. g A;,o, f .,4..*; '. .% y.g A '_. ww4. , . ,+ ., :;p,). .t -. w.%.e,7 3,'t
.j . .. -

,
',1* *

T.,
.

g x g., qaw .. m 4J ,t 43 ,

1

. s, 1. .
.

. f .

- $.. p4

. .
,

m . , .4%. . A;r.,<9 4.-
-

- e; ~, .
, y., y ;. ;. x. y , g . q (% vq,p g

.

. 7 ,.. V . , " *m . ..
., y 4 -

d. eW ,- ,,s,.s.,w ,. 4,x.4~< 2 .i- ,
.

t

1 : & , <.:4
. <. V ' ( ya . .. **<b%,f%w

g * , %f4 ,,M4,'? f;.$ '%r
'

,

'.f. .r

4"

., g. g .4 p.4,, ,,,,
3.

! I

' '

(# 4, i npm
.hs .

eg F.
,., A w . g...c.-:

p
w, + . j:g,,9

r,gw( \ 4 1 3 .
.. .

,, .e

.a.n.:.u.hA;9.,n',$Rw.a.. .# -

-

s..i . . <; 4' ** -

:

, , .
. ,, , .4 ; x :t . ., L. y~ . a"t-.; < y q e ". q ,-

-

e. . y+ Ny, g. * * .- . ' -- i . . + g% ?. n. y t r, <
'- s e

,

3
- $ .. g . 'f.,

.

j .
^

, ,

..u..

904 Photo W
-

, .. ......... ,.
.

.

-

-

* A y.
- p . ,

,, ; ,.
$.

:* b ,.i .. ; .. . . |
' , ,'

k
, , , . '

:~ ~ > a.> n:--
.

, - e.n'e ',
.|

n .- s . .

. m ,. .

. ..' :_ , 9 ,. . > .' ,'g***agityg g * n* <g..d s
.

., _
z 'ym . ,. . ,; ' ' [,

,
, s q;f

; , '

,*. % , , .>

||
s u3 *

. . - ;g_?y; , n'%Q|*a . . n.
., '' , , s . w,- . ; .

< >1
>

>-
,J,.7 !t: -n. 3 , .*

|
-

.

j . , > - , .,. ._ . n . 4,
. , . .a : .. . h,A),,.n..c(v .. ..' 4

|~ ,;.l., { |L|,
-%| 3-^% - .i .ymom hh

.,

J |p g jW: : i.

I.,,L 1 ; L ,ff,&*0 _ ; : . ,
.

'K

. .f 2.; g. :.
c. .y i-

y,.y.g 4.,
.

.? < e. . ,,'- : . - > q .. .g
,y ;gs, n.,fx;) yq:f;..t 4 -

,
..g. , . ., *, .m.w :n . ns;g | f ,. . ';s g .,.

.ia ;; m ^ ..,.su_''jQv..Q[f.., - - ( .

st.' .. .sV.. . ' . ''
^ '

.%>
.

. ^ 4. ,,.

J J.:
'

g_ g
* #'

g . " . * ' . , . , . , ,
*

, ,, ,w , . y s y a y q . g5,+.. , ;. . e..+,; .

9,. ,. y,yr ,..e p w
.

. s. n ,s ;

.s. p gr .3 ,g A494Qj y,.(gA..y 7, 4, -n ,.
..

8| . f' . ''. ft ,, - . -

Photo X

.. . . . . ,



=___ _.____ _ _

.D.
- Trenoport Container Test 982 1028

;
e '

. . . .
- - -. ,

. . s v.: p. . . . . .- g .

w
' .g* ., u . * .e ,

; . ,k. , -'d .:.' ( *

,' Q gfk, j,, ,
.

m... . , . - . - r-. w ..(g%,_ w; , . e . . . .. . .
.;. .y .c :

e # ,+...n 3 >

.. , ''' [; w'. } , 3 . ^
. ; ~ a,%

~ <
.

. . . . .m. '

D.6
.

4 . . . .Q' '

J .?.g p. %, ns6 %
' ,

. .% .s
. , . ,

.

-'

,, y y g, . ;- . ' . ,. '' . A
. ,
7

- . g'~~- .} J - ,. a.

3,e
4

,. , % p ,, 3 ;;fQ,

' :,'c

,' * ( ,, y .; ,|k. ._ ..p ff..

'9. m
-1 ,3,

m # g;
. .

7. , ;+ %, 4 .._4.;g.$.
- ..

4

.-
,. .

.gf . . ;
7 p . .: y, ;b,_ ~ fp . .-,, .. * g.

. .L _

, < f , R c#p t . g . .y'.R. j . . 7.,
*

.

/- ' i- .E
- 3

.

< ,

To * -. ;'i ' y> ' y . - . . , - ,s

.c .
N .". . ,

4

_ .

y .. l^

+ - .. . . Ji-- s ' <j g
, . . ,% .. . ;. -

b ,'
' '

, . ,

.

3''
.- 4

..

, d. , ''
+ %' - .

, , '
. , , 's.

-

, ,

. . ' .
s - 1

|. x '' .'. ., , ' L %. & s. -
p4,4 ij ,,

'; .. ,, ;: s. / w ,~ ..

, . , -
,. _.

_

,

Photo Y

, . . . . . . . . .
-. . . . . . . . . _ .

;.. ;g _ ':M%f.gn.*:.'sg:6.'% ...L eM
.-

..A. D;($. g.* - ggg' (@,, k\ * x g. .d.f..$v. ,,4.y.g
.

.

'.sc,y .. g
y

'.-it, e . .**
.

1,8 , .
. . . . - . . . .

.; ' gj:
.

, s *

, jp '':; . .s.
ro .- *

t,g]g . . .
... ,

.

wgMM.@,85 e - ? .x,, ,.
.,.

[ y [. - .?,
.

~''
' .-

;, },y,!qM, : ;.~a.
- -

- ... u- #

.X..- . ;.,. '- -
.;

O h ,(k g
.

,. '.
% - .

. ,t . : . . ,. u - .u. .
_ bn' .- , i

- .:,.

. t & f n. ' - % . : * ; f ,1

. . ;;~~

| 'g
.

<
,., - - < .g

.I ,' , , . , j
[

.

,.

'( 4. ' L' , -r# '? '[J'''

| . i. 4:y s. .

. . -.
. '. . f

; ''%'\;

f .

h,f*('',($~g {:[ ; {w'
..

~ '' ''
,

. M . | (p.hj
, p13 -

.
%, ; ; , a. v . .. : .g

, .

-?, </ . '.....,,3
-"

.?w.
.

,_' 3 % .r,,,,.
..< , , . - u, y,.

4[9.,
,,

,

".;, *, ,,$. ^, , , , "I . C

74p . sg.y -;. ,% -j.g 7.,gf , p
.. [ q l ' '' '

,[ , ... p ;. ,; ..
.

m
.,

r, f *A# s r .. -
,

*
y-'g s . . . . .

_

' 4R '
-

g., . . .-? F, '* r ', :,'
'< *

- k, * '~
n ' r: -r , ,,, ; :' ,myyyL . ** 'u,

' ~ . |. ,* :;J ' .' e . .,+g. s: 4%,. t
.

?, .- . . . . .1 ..

' 4 3 } ' .f '.. sf.b Q, '.
-

e
| .

y '' '> u -
,

C *

z :., . . ,
-

- }
'''

',
| }. ,,

. . . - -.,. v
. ,

.
.

.-. . ;.;. y.
. : . . .A . . ;. /. . . . .

Phot o E
i
|

|
\

|

|

|

|
.:.. .. . . . . . . . . . . . . . . . ... .

.-
.. .

''.4'*9''Y



'.) - hledernstethelpICD
. . , , , :,

: .,?

.
Tran? port contoiner Toot too 1028

f..
4

e,- 1

,
-

.N,
. +: :. 'f. .e1 -

.

.

$, t,Js.
*.' % .4 "% c,

s., f .. 1- :

-; _.f. T*-4*h .tg,5d a .
,

.a _ , . ,

'Aee
'- ' . . , _ . . .

"x.

6 + +y

, Ty g M : 7.ph
.

.W #- . .1' P*

i y . .; nj*:.

,.. .,,-
.9 ,

- g:;; ., ' ,Q .
?

,. ,

.f - . .- ,
.. ,. .. , 3.

'

A . , \ "' i = .:
' $k . . ~ }

. i

. ..
. 3

. e t3,. ,. [. ,,y. , ).
-

.

ji'.

. ., dg . = s .#,. 7 .. g . .
<*,.

'g y,, . - , ,:
' gr ,p.m* 4 g.m 's

.:. 99 # J
..

e : 4
. ,

.
.,,

^ 4 . de , ,-. : , , ' K ( *, < '. -
''

" . , , - . , ; .( ' , ',, , .;,. #4,, r ; - ; 1*

. -.
3

- s.s <g e . ~ ?4
| .

$ w% ., : ,y' ,h*:*)pIf5-f
< ,

- ,e..e. -. . - .

't * .. ,%
_

. , < , , , . , . '
'

- s.
'

,' . y
-

y,

p * . q :.. .y ;,v,pi
-

., ..
.,, .,j

.

.^ , -
..

t

. .N
-

4
..

8 ' ,j,, 9 ,". . , ,34 . t
,,

. .. .
,

- <

* , , , . s
* sg

-
,

- -

-

4 .
. . s.. c j' y 4, ', _'

-

( u e_ u# f'
=,:.

,
.. .- . . t ,. .. <n ,g e 4 - ,4

'

,. ,, ,
- ..-

,.
.

., , ,,,

.

.,
' ~ . .

- a , . . , . J .; . . .

),f ,, g'. . , y (,4. ,q. 4;
*

>: g
-

.

:y
' . v3, .- . :, , q * g% . , , ,- .c'...N"

.
, ,

. ,, , , , ~o,
,

'. u . ,.
. > , . ,j.. A g'.U]'- Q yC/fV.,M4* *

h, . *n ",1,
7

p t- ,es. y
. . . .

.. .
,, .

Photo AA
,

|
.

.. . . . . . .

t
.

'
- '

'
- ;, ' .

.

'. ;. y
. ,*

p .

, ,, j Q:

, _.
,_ y

' ._ a a

-
.

f
. , .. is

1 ( _

' . ,; .: . -
t i ;w. a

'
..

, , . . t... <yQ.,

.,; ,
.' y- ~

, .. h * , ' <. . . , g'','...,'.. [ , .. . . , 'i e 1.;y:.$;, a4

*. . . . .., . . .p , . .
5 -*

,,, cp g t .:e , e , s .. - ' :~
|,

+ .c ..*

p . . . ,i . %
.

. <$/.;D ,, ,j ( . *

> g .' f.
',* - *

l .... w &'%y| ' 'q{,fMI|3,,

W K @kAY%#| 'R.gs'*%y.|w,i .! .W4@Y.kNf}k,
Y '&'':.*([.y fgf ?..,~,y f\% k,1 E y' a ' 7;L ';.

-

,

N.hh.h . ~ k W?Ik. .b jp
t ,. ,~ $. -

+c.a. , k , -- ' ' y ,.

.

.y 9 :.. f. cw . . . . . . ,. . .

g, ' ., g..Qg*/ 33 ' ' D i.33
.

r, .j,W3 ?.1,[k;.[.,:| . ,
,,

K. 4,f 'g: ,?/ - .i %
.;r 3,; ; . 4 / ;,, . , kk- , g. f**h,.,fp g ".y.gf-pi .p'

'

.I
-

jtj , ,.'t . ,. , f g- ; , , . ,

3 %,%
, . gG --g- .

4 m

. p.;g G - j ;47.;, Qd
- . .

=W' . . ' ' ' ' s,, s

. , , . 3 ,j,3- ,< w. . ep . y ,. ms .r
fj f Q p. ,4

.
, .a.Lg ; ', " '

|
- - +

,_
w,,

k
-; - $f y;%q4y,Y..Wf *?' Air 3@gfA.Qg

,

, . , . ; .3* ~ * k ' %. '-
, g,

, . *, . . . % -J Kg

Q Q ( g$,.;y .f $ ?@ g% ; h 'g. j
4M q

,

J

- o
| ,,'. 7' {.?)/ .

1 .
..

.,
| $.

.fj_ ftgCQ$f,. #
|?, A % .

_ . .

m., [ . ,fyr

( , J i i :f 4 ' . . ' hw %?D Vdk$l%34# 4
Photo AB

1

1

1

.-

- ., . - -



m ,. '.,. ,
. - . . -- _ _ . ._. . - . -. _

sy, ' * u |
i

s
-

, a
:

)i 5
s

m
. .

. 3, 4
.

.

i . )
L. O ju ;

:<
.,

Rs i

i ..

, f,
'

y- ,

|. i

.

,1

,6

;. , .

c' : i
, .

.

!

g . .3 - :

.

4~; ..

.c ,

(

!

i- - 2.10.11 Transport Container Test (TCT) No.1027
.

t

,

s
J

h

%

i

i

. .\
,

>. ;
.

I

!.

t

t-

-
,

s

o. , ,: c
.

,. j

!
-

,

L P

%

2.10.11:

I.:.

>

.

- +_ -____i_____ _.____.____m. _.e-,m _ . . , -, _ w so- _ _ .%-... . .-. er,..,_- . . . ,_.,,..r.,e_,,_,,,., --.r,---w, , - . , y., e..-e.. r'



,. _ __ _ _ . __ __ _ . _ .. _ __ _.. _ __ _ _ _ . _ _ . _ . _ _ _ . _ - . _ . . _ ..

Amrehemintomationalplc |
. >

.O
l

s. .

;' ' [

tD
d AMERgBAM INTERNATIONAL PLC

PACKAGING GROUP

!Transport Container' Test No 1027
,

1. Test -

r

9 m drop. ,

;
-

.

2. Assembly- ,

w
Package design number 3100A. Assembly consisting of the body, outer

>

framewcrk and pallet as specified in drawing OA 23665 issue C (photos a and
b) containing a dummy source (stainless steel bar el 30 x 150 long).

Weight of assembly = 93 kg. .

,

.

3. 9 m Droo Test
,

The assembly was allowed to fall through 9 m. It was positioned to impact
on the base edge of the open side of the pellet with the C of C of the

*

assembly directly above the line of impact (see photos e and d).

4. Results

Inspection of the assembly for damage, as a result of testing, was carried
- out hy eye.

! The pallet was flattened on the edge where impact occurred and the''

framework was slightly bent and buckled. The container body broke free , ..

from the pallet, rotating through 900 onto its side. It was however
retained within the frame structure (photos e, (, g, h and j). Two of the,, ,

'

container feet were bent, but this did not affect the weld around tha basej
of the container (photos k and 1). Any other dasege to the body was purely

f, ;

@ superficial, ie. slight bending of fino , etc.
3 1

:f I 5. Conclusion
: s.n

The asstably meets the requirements of the 9 m drop test for Type B (U)
packages (para 719 (a) IAEA ' Regulations for the safe Transport of
Radiosctive Materials,1973 ").

. _ ,

M Baynes N *

,

A

D W Rogers j ' ' l([ c an .'

May 1987
,

-1-
|

|

l-
_ _ _ _ . _ . _ - _ _ . _ _ _ _ . , _ . _ _ . _ _ _ _ . , _ - _ . . _ _ _ _ _ . . . _ _ _ _ . _ _ _ _ _ _ . _ _ . _ . . _ _ _ _ _ . . _ _ _ _ _ . . _ .



,, .c. r _ _ . - . _ ~ _ - . . . - . _ _ . . _ _ _ _ _ . _ _ _ - _ . _. .. ~ _ ._ m__.

N'4' Transport Contcinvr To2t No 1027 j
...: a

~, >

..
e.

11, -
.

.
..

. . . . . .

'a.> )y - -

,

-
* . [ b -

I
' '

3j:b* !- -: ' ' gg . ^ .- . ?%4;@;.vh'

.- .. . men .cu

,
-

,.,4 f,. . j i.-a*'. I
.

.

T. * ,hf % h., ,, $.hig .,4m y.m _ .tT 1: .
. m, ,

.

, . , g*y. ** g n . * .. A
,

- j
i s y ,'' f , '. ,,*

~
'

.

| g 4 9 g'g n
4

-

,
-

'* ( - *.,

ygy.

. . .

- .
j

: p. ,

J f .D .
i--

|.

w. ,e e. , .
.... . . ,

~

, > ,,s w 1

h ,u. N .-
., y

,

ff
. .- 3

*
;e s, - g gg ,

< * + -
,

.w.; c, ., , .: ,.. e.g* * '
.,

#.
-

#i

|''*{{t} ' T. ' *, j }.'
~-

,

k ,: , ~ . . 5 c .. .; .,g..g ;
. t- 1

, . , . . ;. .,
+. . ... ,

.t 'c ' d.t Yk|
'f ,1y y%?" ' ':| ., jf ,ij7, - S' '"- x. g gt
y q j - 'R .4- 4g, w4 ff M ' " .g -

,j .x.'7 ;
, . -

"y ' . . '; / * ihk ', ' Ng ', . . 4. . . - -

,
'

,, s .Q.Q: 1

!.m| a . ,; . - t. y. V_ 4 . .

'- ><v xg* .
*

.,

], y: j . , . J' + f' . , #r y *I) ,

'' *
-

,,
.

1-

'<9,T*
. ,' *, K..,.. r:. ,, 4 .. . ,_ .. - - .u .

;['

f yghj - : 1.

* , ,, -, rg,

- ''' ' A >:1,' l } %, *
. j .::,2

, ,. - .r
.

:.o

,f .* ' ? p .d.'p,j gy +j.f 'w * ,,*'#''d' (.
,

e, v

-

e,

, Y?' i.b; * s .dQ{{ ',f ',y
., -{ , 1 ) s,.

', . i T g ,''?|k3- . L '
. " '. " . * *,

.. '.M
, , ,

||), , .. ; ,

, _ ' , .:- '?. . , ., p . <, . ) _~-
.,

Yn,*,[M*1 )*4 , d ,' (y )\'ege,,, A. N<' 4' ' r* A. *
f g +,, w, ' *e * 'i ,

.

'

W- . - [3 '

,, . . .. . e. . .

"T.. , [ t< yi 1.. 8.*e g@j 'jffs Ij 4- o *+ - - , -v ; .. .-

, .g t h; y. dNA , i f
, . . . . . . . .. 4. . $.

ad

Phr.to A

=
*

.

.

f
I

i *

/
/

o
'

1

o

1
_

. - .



, .-.c . . - - - - . - . . . . - . . . . - . . . - . . -- -. .-

. . _ _ . . . .l**' '. ' mwipic
,

). .
.

TranOpert Container Toot No 1027
.s..

d

:.e
I
1

|
>

.

. . . . . . . .. . . . . ... .

. . . . . . . . . . ..

t 4 ,' -
'# '

.

%< *
'

t
*

e ..|. 3 ;* -',,- . ' ' ,| ,

. 7-
-.; --* m e-

.p .. . a "'
i

(- .4
S -. , ,, ,.

- i
: . 5

- 4 .y .g | - 4 .)'
<

. , s,. 1w. .

a ,.,

I .' (s.
.,

, . ' . * i 4
. ..

k .,e

|
.-

i ~ %r' *'

4 ;g_
t - V ,

.

4,i ,

~ .

y
# ,

m " .. , ;. .-

i e.j..
.. . . . . . . . .. . ..

g,
. .. . . . . . , . , . . , , . . . . . . . . . . ..- * ,,,

9 e, ;
-

, ,
2 ' + ' , .

,

s ' ,. y .' - *
, . ,

qu| . - j.(
,

,

.n .
-

..

. c) ., & '

*.r a .
.

..

i ., , . -
. ~ .

. . . .. . j p'
.

--

i % fi .
.

1 .

. ji,
. . v

1
n :, . . . y

4
-

.

3
' '

,+p'(+ ,! %
, ** ..;.,, . . ' - '

*
. . , ' .s{y ;

.

4. s y , .

. e. ,. {
,

, ' , -

, . . ,
,

s ..s+ , s . .:. v.

u.s.-
..

.,

,; ... . , . >.
, , .

s . ... fp .' |, . , . ..= > -..,
,' .- 2 ,* 1 - -

p *
1

,. . '' 4 ,g g, v. ,, +, , .

:
.

.,y
- ,, . .

.g ,j , . ,,. r ; , , .#
-

. . , , , ,

; e
- -( pp*>

,
;a e ..

o
.

, ..
, w p,

. , , .
.

!y ,

.

,, '* 1*''.x :. |. . .. e; .. -qQ V- 2,1g'' j4. 4
4. . -.

,&id, f . .' , . g . .,_ } ? . .
, ';

m' b
.

_

!

Photo B
Ii

|

s |
'

'
.

| \
*

1
!

|

|
, .

I
|

f

1

-. i
|

|

|
|

|

|

''
|.

* . , , , -

|



, 'j Y, '-"4'm-*
-

_ . - . _ _ _ . . _ , , _ , . - - - - - - . - - - _ _ _ . . _ _ _

,
.

,

.#e
;'t Tran?part container het aio 1027 1

;f > . '"

.

|py
.

.g. - ",-
.. ... . .

|. .

*
.,

',
}} - s 3,

_

,, A . .

.. y 9 .,.: w.. . ,

'#5'~

.'J . , f;,x.
* ? * ~ ' |t,, _.;*x' ,.( s.? ? ,

, '**
'- :du ' .

w.
_ .

[ r * + + . . ,, . { , y. , , , , , , - . ,
/, . .m

_ . . , . . /, s f-4 : , 4 7 , ,, y ;

% .. -
-

* ,y - .- . , ' ' , ,, y '. '3 .y~,.,..'...
,

. . , . ',

. ' - w , :.9
4w j 3 ,. ' * ' ' * . . -

, :- -

*
,

m. ..y.::n 7
~

+. .. . ;. . y ,. .., .,
-

.

; g ?'| +;'),:. - . jn- f ' <j
., . ..

.; . .* a
.

. . n.
.

.- . n;.g,-

. . -.
. . .. . . .

. i - - t 5 .-[ - r,. . .

a t . 4 .a , .
,

. , .,

1 4 ,5 ,M sj,,
'

y ; , . , / ., .,f**
'

,.

1 ',

9[-.
:. .y *.~ ; ,

.

.. .

.. ..;g: 3, .> .,
,

; , __
,

.

i . .~ . L . . Y",p'.?

b ,j k'*4& ' ..'. + y
AA

[.
.

.'

}
.

s. . 4 t .. .%.,

.

. ..
,-

s ... . . . .,. ....
'

t , , .(: >I. , ..

v.y
41

-

*;\. -W/p..~;t & e3
i _ ,

..
7 man ,

i

g:ra. -g;,g. ;:- .

, V,, j
'

( =r * .e.
. .

-
- ..

t .

,

E
.

w
.:

. .\
F

;< .4
'i. fd'

.t
s

. +h .

.- .- ,:. . .~ w e
r

Photo D

1 5
1 *

|

|
|

|
|

e

;,

-. -_- --. -

|

|
1.



,

Amershamintemptionalpie , p.'
-. n
. '.a.

.A.,

< y , y. ,

i Trancport Contoiner Test too 1027-J.
,

*-
g.

! i.r' p |

'$! ' E ''
.

,

# *% "

.

%y .[
*

j8

,
-

-

.

. .

-e , :., ~ - ;
wwys nx. .x49 ~ - -

-

.

,; n . e ; ; ~ ., o .
i

ce~
*

' ' , . 31N

% - - - p .'4 t
''

A>? i,"; ,4 &ft -" .W' ry ., ,,

" .N.
,

7 ' a .

- . ' ' S. . ,

,
.

y , , y. | p *~ :. 'L .: ;. .g'' - -

. wi.gf,; y- gjA; . . < .
:e-_' ,

NN
?~

-4 v +4 - - ..evN, *:p s . ,* ',
y% ; : t(: . '. ' " tv' t , ,

g%g94p:; ..,.a)y , . :
i . , ,,

%

t: - - nv,

, . ., .
.e. ,.~ 1 a n g.v,

. .:
.

. .y,: .y , e
9 I $. " E , d C ". '. N '

1,, :. .wp' h. 4' ,( : /
1 .- , .

fNgyN,b.[
?~* ~ & v.1y % y.': pp|

'

; .a , . 1% , <- u. . . e . . . a. ,

y( ,,+ [ , .yy
g - f,* ', + 3 x |* i .'' # Y '. . ' .'. y, . ( f4'' ,I

-

# $i*'o
?. 4 ;g f.. ' .-. '# <. - y).; r | . . -, ,

e,p:.
t,.

,
s1 . .,$ "?' .. -

. . . .< , , ,
f,

. g,._v

' *

'' ' * . %| .
.

.

.

.

g..i Photo E

- . . . 3g* 7
: . . .; .4

,
.

4.
.

.- ;
ydf4, . . .

-
,. .

. . . ' , .

w... c., .

' . .. . / k m. . ..
W ' ? . '

9,,.
.._ a. Q( ..& .

'

: , , - < ,e , ,
-<

,,
'

, my *', - - - -
'-

. .

.

1. T
. . . . . . , . .

4 %%* W .r . '-hr
it i

* -

,r..'.- ',. . ~. ., .~

Lt 4* j b
.... . . . . . .. .

^ *. W '

.

A: . n , my. ,.,

, . ; . .. . .. .
.

t :-.
y,

.
.

. , .
' -

. .--. . .g*3

. g'
. _ . . y <e. a .

'.,j'- !, .,. o / + , - k ,, . ' .
' * * 4 '' " ' ' ', -

#7.'' - y
.

'

''S K - ,.*( g -x * '

.. .
'' .

91
- E< < L -. * . ,, '.

.3
[ili

, , , , " - 4 ''. - ,
s-

' [,h*;~*' ( , - g- ( | . , . ,n .; 4
.

T* s ' *
,.

( gj ,

m,, ,1 ,.., p. , . g,-

.
. , .

4 a

<s,
.

.- ,

, .

4..t
,

; .,. _ , . , '"
, ya,,.

*,* i., a+ ,i hq v ,
-

) '

t.,.r ,<.,- . , , s ,

4_ .
| ', , ~ f''"|'$

~
',

| .| ) _ ,,
, , , .

',

,, , h | .(* jf
N,k_ E - 'i q .A .I ,, . , , . y .Ti. , , _#'i ' ,A

- ~*
~

,
. * . - n: - ), e .3 ,,3

| . , , ' u
.

;;g.
-

,.. ,, g -
- ,-

, , . , . 1 y*.,.g.
.

;, .
r ._ .

.... , . . , . .c. g a. p . .- q q g . . p .g 4. . ,

x .+9..,,
. ,

, .

x .. n & g' .. . - ,
.. . , .. ,w %#., j., ; .a g *i . . ..'g'%

j,.

I
~ 4 # - s . ,. , - ..,.,

.s .-w T, - .. v

) ,, k j .
O .- yy. Sy a. --

a . ,<

., . ' . :
, -. <

j_ y;.. % _ .. ' 4 . 9 jy, 6 = . Q. 4 #,.: ~ ti ,'
, s.."-.'

_.
.

*' ,i * ? .. , s
I

. .

l'..
' y$ .

M. , j 'gy&. j. f.$<. .:lj = 6 ,, '[4 69... . '- j. @~
< .,

_

, c e. e - ., ,
'

gy
e'

t, , 3 w
.,

-

4_ :

m f%sy .,' - , . 7 .
p' '' , V'

..? ~

% ,a _ ,.-,
' 2

?g *~g 'y,,.1 b . h g '
u

'[
.- YW i i d. .

7 ,,4 s

. , q: Q g G 3 ; % .W,f W 4 , Q . b e & g. A, ; g A w' D Q i Q
j ,. #

e.

.p; %.m psW aW..

.
, .

Photo F

, .
. . . . , .



' a

E .,%. , . ' .*l . .V[.'' -y , .

: ; ;. : .i .,. (,6,, t . .~, .- vv_ *.

s,.
. .. ~ , . -, ,

.. .,,f, . , . ..

',

p
.

,'','.,J', - - - - _ _3 '*bWam ht 900 102*F,;|.y y ;,",

. . . .. . . ..
3- * <. .

.

-

_,;_

E e

~

.so . .

;,. . 'g .,'
~.

~ ' f
.,

'
<. '-. .. s. s.

't '
-*

. ._ . ' . . .
.

.. . . * - ..t,,.,. .. :
~

. . , .

-*
, '' s

..g;
.

. .. ,,

, , f,. '.
'".

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

.. , , g .
..

. '4,- ,,,, , .. .
,

.
,

, - ' , - g. ; ,

p.:.. .; g .y
.

. .

*
-

. ,

, _ ,

*
. | **Q. _,,,, .y%MM R _[ r

. ,
-

.. . . ..- : ,7 -
. . ., . g4?g

-

.
.

? 1,wm*.

. tg % y : b ; %y < 'Y , !j 8, $ Y' '
'

{'
.g. v , 9 g. ,.*';y y

_ -
#i .-

.. . f
.

_ fj|fr.s,b
^

: ..

, .- -

,..q .

7-[.E. A }
* h. 6,,; ,,$. . . -.

s ..+ '
. , , ,|

5 '

l. [ l ;
-

I
,

+$. , .. ,, ,a.t
.,a

de ,( 's ' .. k'4 s f ,-b %
.

$, . ' Mg %,g,%g
D .,-

9
:. e ,. .

p. F-; g ,,

-4 ' r %J, -...N'- .

i.. . we ,, . 1
**

. :*g;ger . . . ,

h,, * M.' .', ' '. ! ,-,, 7 e
- *g ;

<

Aj!; . ,
.1 4.

-
'

. - -- -

!g' At" jy@T.
-

436 ., *

f ;' .

m.. , g.
*

W, '-7 _
,

- Mf
'

| f , ,s.. nsf-
3 e

..
,- -c . :.. ; ,

,
.

,

. . . . 1,
.

,
:

-

+; ;

t .z .y/ s- .. y. ...
. - . - . .

.

.

, . .; ga
.

4

p1
,

. ).f %.3|. . ), ;_~ _ . ' ' : . */ . . 7,J - i$.
,

} f
. ,

; +

. .,e * . ,1 .

_f ' ' ' . -

4 ,
..

-

s,

1 -) i .

-
.~ - ^~ ;'' ~

. ' _.; ,
.

_

] .| ;
~' ' *

; s |p .t 13-.,.",. . ', " W' a 4 . *a #, #''
. .f

,V. ;.',_y_,_,, 4.,
. .

.
,| , , , .

~ ' sh. ' N _^
,

Jy O. f; ..'D. .

. *
. :. %' -

' _ ' _ .. ..^

[ ; y :7 s, ., . p.;.;q ; jg g E,p,5 j 3
,.

; .y . ? < , .-
. - '; , ,

| $I. <h6 C .

1
- ,

1
& 1

- Photo H .

1

1

0

(

h
1

-

, ,
_ _ _ _____ _ _ _ _ _ _ . _ _ - _ _ _. . . _ . _ _ -



, .. _ _. _ . _ . . . _ _ _ - - - _

;
_. tg .-y

, m;. -

3c...

$. ,' ' Transport contoiner 1 rest Iso 1027
,.

: 0; '

[F ; / y -
-

. , . ,

. ,

' g *
< 2* *+ -:* e- ,:,

_

4m; ,4; +
1

+p ; ya . . . , , . , c .. .

.,
_

[h

... . ,
, . . s,

-

.. 4
. [> h , | _" - ,. .

,.

,''M 'h , .

, ,

'''
.,

, - ~
[.^ ; , , ,-

*t . . .

-

/km: v . . s.s;= ' -

[h.[.. . xv [ kvs%N[a
.._.

d2-

4 M
. . _

-

. {a
y} |,-;.

.

n .: ; ; i
,

. Ja,, .'~. ;|.|&y
.

yy
; {g.; .i:grQ s:\ b[; .. ; _. ;

..

I' ;, b .

y . .&x' , jn . . p- / f , I,
.

, , n . . . + , ., ,
; ,- ..:

.
. ; i

-
.

,

.
,. . .. .;. ...

, eg+. <
'

. .f . *' e

i

*'
'

_

,. s , , ,

, ,; -

g ,. $, A f , . [' *

1i * . . -

3..-[ 3. y . ff %..Q. , y . ( .;.;|W f. :- j Jf' "
.

.

. . . . . ..

g.. ; i

Lt.i B Photo K
! -,

|
-

.
. . . . . . . . . . . . . . . . . .. .

, , .
. . . , ..

.. ,. .. ,

,4 ;.- , ',gg .. ". ,f ; . , t. , , .,3 *.
.

. n,- ,..
.

'

x,
. ,

. ,- ., ,-

,

(9t,g - % ;Q%[f a
-

4 . t ,s ,.- . - .4

, . ,?. _fQ g.
' '

t
'

.!
.-

n- '" ,.' . .

|5 ["* 3.[ 4[ ^. . . i.
, - . Mf q . *4 ,# -

.
.- *.W. g . -- ~ ( ',_. e

..-.~ ' y ;, g: m;

. _h ~ - Y . .} |-'

.

_

.

' O
.

_.:
^'

.

-

'

' 's #"
' ' '

,: ' ? 's . ''
.[ 4 ii

.

-h. * ' ' .'
. .- ;

e .

.- - ,
-/ ,*d * 'n

_

f ,

?

; ,.

.

,fy
. e %.1.$. _ ,4p =.,~...1 - ,;> t> . u. 4 ,.; - < 3. ,

. .,, .-. . . . .- / . Er y v', + -j
, ; ,."f k.

'

'' '. ' ' '-
fh ,,E'' .1. , - ''

'

- :.-
'

a .,,

. . y#g4.Q, 3-
/r' - - - <

.

,
. r .. L . ; ,

.., ,e%. ..,.., , ..
...

,: ,, .
.

* ,'' '' I e. j t ,.
4* ,N.'

[ ... ' . . . ]. '4
' , ' - ' . [' .,, . ...j... '

.,-
s

4 . . , . .
.

..

.

Photo L'

_

| !.

.

1 _ _ . - - _ . _ _ _ _ _ . _ _ _ _ _ _ _ - - . _ _ _ _ - - _ _ _ _ _ _ _ . . .-



_ _

. n J ;i~ ,

'

i

l!

..

,

l '

|' r
, .

| : l '\
,

.

,,

:.,

.e

ag

li.f' . , ,

4

..

!

, . 1

'' .; /|.' . i

|.

2.10.12 Third Scale Model Drewings-

J

. .

, g
1 .s.

e

I

t

( .4 '

.

( f

f
i

|
f

I

.t
I
i

!

u
t

.

.

'

*

..

M -

2.10.12
:

:

.

!
.

'" ' - s-ww-e-+.--an- . _ . , ,___, , ,* * ' ' ' ' '""9-" w.w',.,y_g 9 _



||||1! \l ||. < ;1 il , ; ||I} .

g , ,
* v ,

-

.B mp
.

-
;

-

-
_ _

_. _.
.

* .

d. 3 y. @- .

_ _ .

c
. _ . . ' -

_ o ay nmPn . cuAtSs fsw- -
b '/ |

_ . _
.

-

P $m* _ . _- _ . ... _6aR*.S5.!u>-

O Qi* a e2 _ .j ufm 'c h .in - _.

_. .. .

O 0 d';* $ *' . o g< .
. ..

-
. _ . ...

. . .

oNG$n . u h. . .
,

. .
.

.
.

_.
.

.. . _r .
_o o8tr. g w . o a@.

_,
.

_ . .

o ,g2- . o pgy .o
-

. _.

3w $
'

-
' . .

. . _m yg p@g

.. .

.
. .

_

33~ . m ,,pm 94 g = D . __ .
_

.
1

3 E

_ _. I
. F.

g n' @ Po D !. , .

E 0 - _m30 .a1" ..
. V 0

OA M
R -_

N ulb n p8h 9.e
PN Ei

vt

PI B -

A
I $U a h ** O YI

NL L _-

N (AE . O . _ _Hn* ye o yFN F E L.
.0SLNA

_.. II AV
_ _ i FCO

ow e6 . o gd ' - nT R.
. AIY0P

_ P .TPAI O/
. .SNRCY .

MGUET .

AI CRI
_ OSE R
_
. FES0O

D ,EH0TG
RE0.0ANU_

OG
A D. 8 HSK

_ - CA.TI Pa'2. w.x* o .,o [ ~I ST :

HA_

TPCI W
n ,. 4 e.

._ c4I~ a
.

_ .
, oo-

;s n5 fnr_ ka5Q Usb"<;,a
_

_ )y
. hsDgg Wa} | I.

n|%. g C

d" [ nD$Cr<. IoOm"I mF2cg>nD- ~
cC

ax $C $3"rm ZOO 1I O OmDgz.zP $ g *.

1
r C

.

.MiryJu UUm
J*

.. &".

&e I *_

-

*

.

' , 3 i i' :- - . i |
|, 1



w ,_ Lu'
-

' _^
^ ^ '

. m . . m , . _a e a-u m- - - t ..
__ ,

? _

,
.,_

-

.
,. . . , ..: . ... ~ < :< .

'

n , . . '1:..
.,3....., , , .;. . . . - .

.m .1i, -.

. . ,..
. ,.

i. t ggg 3
'

<

,

, 1; 3pw 'e 's 141 ' - -

g f' . g
, |

*
,

'' '

.' j'QI{ |'
- - -

-
/ i,

,.
*

,

|il ! 8 l

,,

ch L.- i ;,
<

4 / l! !! |15 i I!'|d .s !
"'

'

;

m i, n .- e.1
.

- : ;.

.r , I ,- -d
.

. | |. -:g g j
r p ,. .

g--

I" p ,

Hj3||.' n F .. . . . . -|-[[ |: .g
.

1d, o' il )
,

-,

71.2x : r .
-

y. .

>jh
-

.- --

,

.n
-

-.
.. . .

,
- . - - -,. .

'.'# j.|\| ]

- '. =, , ., ,

i i .t ;
.

.

- -

g s'.
..

. . ,
-

*
.

.

-
;.

If, |l ., ' ,1
.'

i 'a '

-

'') . '
. , -- t

u :. )3 9
-||Ili|

3 ;..

'I [ U l
''

g.

.1 ''/ 51 / r.. .| .i

'' .; -

,
.<. ,.. ._ ,, .., -1 a.

h /Tll R - 3

'

'* p, iQ | |. j
~

%9 i

L r ;

"T. , '. . ,. . . .P, ' a..r i i >

. -

4

|
' A|

' "
gg g' - <

..

*
[:1nP - -

.

, - :..... e- s.
,. .

.

' ,"
*

] 1, .; ai '

.-. 4

1

|t
' (.

.- , n .u - ,.

( ! \'
. )f) j

'

i. ,' *

;
.

g : ww - --

,,

f p ,,'

|
-.

C7
-

,

1 . 's A- I
\

,.<r *. .

, . ./.

4 /.
' '

h5 ' . .
. g

[ :: s ., , .

' *

,
_ 4 . . .' . ~)

! e s6 8 * * M 's
s o.-
'|| h A, } ''' m--

|

hii i !! \ /- ,h !
>

- -

-

.,i g

u..

'

Oi 1 ..-

._ **
. ' * UO .; . .

.,

,

e

~. -

, . . _ . , - , - . . - . , _ . - _ ,.. .... ......, . . - - . . _ _ _
.

. - -_ _ _ _ _ _ _ _ _ _ _ _ _ _-- . . - - - _ . . . . . _ -



, , ' . . .

-'

8_ -.
,

. . -' - .
= .

- . . _

4jp[ ._.
-s .

- c- _- * - 2 .=-
..'

a' . . ., .

_
.b -

%.e,K
1' _ .

_H ~g , |ip i
- .

~ -
-s lt a .

u w-
_

.

3 4 a . N 0., .

b| O 294
,

g -*. l'

6' a . 6= .

m
. I= E'! r .3

_* * 5=; -

. - iIiS 2et a. *

B 3 n W -,].

k a s 3- M A
.

- -. ~ { . s
' O s a

L5'
-

- T' 9 tKt-

~ 9 a

2NnSt .-
2 ,_ SIT -

m 'M E
IE .- ,*D
eGE . D L,. ."1

igI . x- -_ * "
.

s 'RT LOA T sS - * *

FT H nn E*
I .

-
eagN _ ' " . , H

-. I

NS G z ; _
I

e
ntsT .' - -". 1l .

O E eeA
_". S -_".s

t

C S W Ars .
r1

.4** ~ R
*A |

--sm9 .s O D iafaTT E emE
_

E s ._s
. _* I sr1

-

P .F T .

_

:_

tM -

.- P osS A al . .., tD L. sU .iFe c U 4. -

A 2. ~ U .
o-

- ._
.

f E ET C .-
;... _

T RR L .,*I

@ '*1, O HA A = .. . _

. . _ _

- N TP C,,

, ** ,g,

, I _ 2 s, ,

,
.

y. - _
-

3N .
.

A . 2'

E. .
.

,

o.t _

C . .
, ,

~
,

.
, .,
,

.
,

_

A -
.

O. eof
, .

f' F,

A N .e O'-
'

.
m

.- .

M X
. d
., n. |

A u.

I. M* .

O
-_

1

6-

n
_

$ I. I

O
M -

.

R .* _.

l -5. t-

0
2 R =

c
R A,_

.

$_ L -

4 N
__A U -_ _ ;

'5 '5 _E G.
LA~ -5. O. 4 N N

-
.

~

1f = O aI _

= Y

28 44 7
65

- 6 = N1

77 / g O
,
,

+

E M% ~,
DI

5.3. T-
P e

6- C44 _ TUoY s.

Nw -
EII- T E- -

.S aLy - __ . 9 s A*
-

.l

- [. e P

*ERv .- .

. * _D Ue c, I.,

X _
1A

=
.

M-

~

dsmS HHDD
mN ..

l rI 7 TACA R +gm, - G EP .

@ 5NR , . .

2.EH0 d,W. .| L T11 1

I

0 mNLN^ . I

0
o

9 e** 8I
-

--e 2 @ M MLO| U
lFP I.-

6 - 2I S{

- . _

Wb09
s3 I

U ~
.-2 S2 Q 1 ._.EA .

m. . -.-_2
-

j j) ' | ,| ' '[ | ;j!!j .'! .j:| ;:|i :



_ _-_______________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _______ - __ _ - _ __ __ _____ -- ___

,,
_

_

. . -n ,.
_

- - -
-' _

~ -
~ ~ ~ -

- - w
2A 23621 -

- . O V'
< , _ , -;. s

. , .
g,,. .

'

'Y - :..
% % ,,,, ,

, ,s. .=
_

(76.3) _.
. _- -

,.
_

.

~ 72.4~ 4.1'

,; . .;
72.0 _ ,,4R . - . .t

. .

,
,

. . .
.

4.5
-

._4.3 - _ _l.6. 45.-
-

NOTE - - c
.

_ ' .. _

' TYP THREAOS TO CONFORM TO BS,3643 ,I
-

.

! PART-2 ~ ''IT. AS STATED - '

# ,'
'

! | 18.5 kg - *

2 CALCUL.ATED WEIGHT -:i

- -'--'
,

!
~ '

!
,.

.

i
- ''

-

J Lt

i (N '4N . ~

f d5 * NN . : . >.

e
!

# - pm mp-e
% ~5*

i .
.

_

R O.5 MAX g .-
<

I %
.

H R O.I MAX
- .

k- M8 a l.25 -7H j
' ' - t

. '

ji *

:il MIN LENGTH M 5 A N MM ;

FULL THREAD |@|90.1 OlA|- ret - as vissues set16
an,L gygggggigig 58EET Mdifest IW.TW~

i EQUI-SP ON 110 PCD TYP
,

.

: .

SECTION ON (, , ; ,- ;; -3
:

:
/'CJi-'t ~q: ..< r !-- ; - -

,

WIe Hei,m
i

. = - - . , s os.1
, * -

_
a ,g-

|= e-.,=.. -

M 8'tss'utsis
* - --

|
'- m.=w = so.r. v.a - n ,, m O "'

_

CLEAM
- '

.
DEPLETED LINEAR 20.5 '"'

ANGULAR tI* g.6,/Lm MIDDLE SHIELDURANIUM ,,,,,, , , . , , , , , , , ; .

! stum u
~ $a - - - - - une . u on z-m ~2A 23621 1 -j _

m ~ .. . , - , . --_
.y-

: --
, |

_ . - s'
-

J
_

4 ._ 1I i 1 - g.j . - - s . . . . . . . . . . . .

. __--.y-- g -- -

i

, *-- e- , , s -v,. , -,, e,f-= , . . - 3*-4 -- . ,..e=-_ e- . _ em.--u-__-___-,,____% --.,e aa-



_ ~ ~ _ 4i :
1 r .!' : ,

- =_
-. m

cc ". a n. . .
'

,

= 3 :
.' .

-

.t 4[,
'

- ,
' : S --

i -. ._

.F,

..
,

- I

'

_ e.

" =
i3',.,.1 -

t , ; ;j E . . :* i e ,i:; : =,

7'
. . . ' . * t

. .]., . ;_ > - I, - i

C s Ij , o = 2 n
.,.

~ m =s

2'. E-lli
.

3. = 6 2l
a.

, 4 T i* *

3 i6 E.

I

L B _3 uen C - .'* 2
I11 l- 5 tL

-

A I_
_

.' .

S
2 -

-

_j _t
I qtd _

ur4 E l

2 LO
@3

sT I1I' q

- T ssT ,= *. .

L.=.*- .

D nsE *l

_ ~ DaaI" ~ n . l!

ME .-.T mss -
_ L - _' - s_ ' RA T muI _l

_ g=- Ea _OT H a s5 - _

_

FS G nn1 1 I I

H -eme -- .I g_

N E. - - * I

-
O 5 ArW .. S _

_- C A W rl _

.fa e5sr . i
=..

.

D Om3 E . t .

_OT MsL S .
.

E a ,t
, TF T Atf A oI

, -A se l

D AaJ A .

A 2 L 1pB -
, B. .

U ., I

E E T .C
-

.,
.

-

g '* J' ,
T R R L I

t -

_'
O HA A _,'

l

'
N TP^ C.. . . '

i-
.

' 1 s.I 6 l'
6 ,N 3

-

-A 2 i_E AL . O a .

C a
* i

n 8

.-
Is . *- u ' 1
h 8
S 4

-

,.

,

. 1

.
.

_ , s
' i

.

.

. ' ,
m R _ tal

e.
,

la

j4 att~
M

~aX t
S. A 6

M
-

==~

I
.=-

- m i .. 5

_ . ' O.
. t

.

.*
.

I

o,ee R 5 5 iL . . ,.

4 O - i

m iR -

2
.

6 $_ R A. - sL -

A Ul
_

-

EN _
G. > z ,

_ . i

_ _ N N. t_ ,

O _ LA O
.

.

e.s _I

2 O. T0 2. 8 4'4 N ._
,o 65 O : i

s :

( '44 *
.

6_ ~ I :

[
. * _ ,

_.

- T D" .

C r EM_. ! I_'
. _- _ _ " _

TU ss
'

. ._
, .

*5 E !S EI e -L N sS t
4 t PA s. <

u. E R
n:

a.
y

.D6 H H e DU ms 1A_ f % T
7- G E

.
_

N R
E L5 H ,

_I _2. L T- ( =1mN L =
-

L .I

8MU s
x.

~ - .
M F . .2| l.~ .

1
-

a - -.
- c

= r.
'

~

" -.- t

P.c
-

.-"

&pe_s W
-6_

~ m._ s.-_ 3 r
~ n_ 2_

~ -
- *

F" -

_A ' -

'_La '
-

_2-

_ ' ;. ' , , .i!! 1 !3.' j i,. i t:i41i ij |,:4 !:e : ;. ;'s;|i.



. - . - - . - _ - _ _ _ - - . . _ . ,

, _-~

.^ ._^

;
-5:

-

. | ~- | - = .. . ;ii .

hM"

essestunne --
---

r4 +! .

,
,

Two eessing to es pseuses one esselemmes psese,ey ' nem see..
giants,sem

third Angle Projection
er Ansesssieni temmenemet see. en.e sneue met esseemed.. cephs or senseemmes essimet ens en samismeisst

.
. . , . . - 7;.

! _ , .

J'' , .|j '

,

this dr ing conforms to 8.S.338
:..

-
i'

s , ; ej .
,

s .
-

_ _ , , . . -
.

.;5

-'i
,

.

. . .

~

%,
, .

.
.

'.
-- . +- 3.- i:- . . ,,

-

-

j .
.

' '
., , ,, . .

.' '_ ' ^1 ;W -
. .

50.2 :n- -Mi, ' -

49.8 3,3, T- : ' - - [ :
.

-

''

..
i . , & .- - n.

.
. . _ ;-_5,2 - -_. , - :;F -

:
i 9 -

. . ,
e4f .. ... . -

. .j f( i l
-

-

1

. . .q c
4

.,
,,

!
-

..
- - .s . ;

|
- .. -

. J~

i 4 40
- ,

.' ;,
+:

| 7; p g; - - ~:, -: a- - . - - -

:
.

,

.j |; w e. we ..

URAlguM 15 A MAZAIIDOUS MATElllAL
'

-

! 9 S- 2' '

FOR GUIDANCE ON HAMUNG SEE.
-

: B.N.F.L INFORMATION SHEET VRAIEUM METAL' : >g
'

. ,
! .

-) $'
!

! (14) . -
"

n
j

*

:tu

\ f
.

_

.
..

-

, -3

4

^

- 3
4-

.

N. .:. ?- s , v.v a. ,. , .,9
.

| -- --.- :.. s:, _ . .. . .O V# C SM% ^: d[-
.. . ~

- .
.

. ctut s s w :s sevsee
,

...

I uo.s.5 9f

,

= mss- .
>

t

cerini e so.c. Tamr.nces swe.e. Tentwe Finish g , , , , , , , , , , , , , , ,,

_ * i

LINEARio.5 CLEAN
>EPLETED CLOSURE SHIELD - -

/M."e e.e.! ,R,ANIUM u. no e. e. -1 ;u,* ,. e.g son: o.g.g 3q$o . s., o, une . us o.oAzs6i, 2.
; w, s_ ,. -m ~ 4oss~ es -

, , , . . .
--mm

_

,
,!

--- -
-- . ._

,,

G
,_ __ . . . ___...._ . . . - _ _ _ - . _ _ _ _ _ _ _ .-



__ __ - ____ _________ -. _ _ _ _

'1
- - g .

i,_ , . , - .
.

.

. v . ga,. , . "'"'

M% A
* -

*
- , . ,

s

This &_.._g conforrns to 5.S.308 aske or senseescos useisist = amin ,
. . ..-.

s.-
. _

_
- s-

,,
.

'
,

,- - -- ** ; .

-
* . .

,,_.
. o rg-

.
- NOTE

'

' - Q~

".-
-

.

- . . .d - .. -
s. . ,

II - | THREAD . TO CONFORM TO-l.- {'
.. . .. . - _

;I
! 1.44 - - BS 3643 PART 2 FIT AS - ,'

I x 45,O.96 . STATED - .-

. .!_ .

.

.r
- : .

,
-

.. ..:
-

..

6
-'

y
. ,

:- 1 i

,

;
- 9 . . ~ -|' -

'

,

., .

;
. s.a,

A ~
'

-

O* u - URAfguM IS A HAZARODUS MATERIAL ' . Mt

| -

'_e!O
-- - - FOR GUDAIIEE ON.HANDL98G SEE. . - - ;} - ;' '

'- -

j
ei

. 8.N.F.L INFORMATION SHEET VRAfgUM METAL' .j
; + ~ ij [
|

RO.I MAX ' E , '

TYP of _:.
- |

.

. . - . . .:: _.--- :-- --; *

'] .
a

.f
-

.
.

r

'' :' . . _ . ' - '~ *
'x .,

- . , 1
:

' '

i
g _ :

I
~ 1 -

,_ _ _
i.,

,

.
- i'4tnm r.w!sCpsd qI N O &@N W i

..

--t y: !

l I.ro.eg {]
,

|
_

Apposed tenue Oste Medlem
'

-

T

5'ateriel & Spec. Tolerances Surface Texture Finish
* - !

| OEPLETED LINEAR iO.5 CLEAN " :

1.6jum ~ INSERT |ANGULARil* /| URANIUM
uniess sesied v unies, simied sumo.e as tore.

,

j| Mt2 500 o,
m.3A 23625Dims. in =nimetres Drawn M RP used en OA25GG4 Jani

; origaai sesie su ,.e, - 4o.s_ _ , _ ,

: _o, .
. . .

.

--
,

_
_

_

Y ,

f i

!
t

,,_#.P- = _ _ _ _ _
" T F''' -v'--- ' -eo gp r F -

_ + _ -* ' _ _ _ _ _' -' - g tw gi apr- F -.4.5'
, y



7.,e . ; * x *,,.. . .Q, ,. w, , cinw ?NT. @S"eey
-

p,g,7 y' '

e # *

1 ' ' ' - ~ , ^ * '"' s

i.i |g
1

-- '

p cNir. ,
39 g

.
., .' , -

.t

4.,p.j
,,

!,g i
.,

- , ,

1.,t 4i.t3

y.,
...

yi
. ._. .. . . .

.c 3"

t j! jjh,
.

''
-

p '.
'

L ' .

A }cI j da, ' ._5 |

' .--

o&
.

g,

%

..-,::; :
kl,gd

't ! in gi.,4
b

. .

$I .
i., yi Mii.

. ., ,.- "

, gi | =l
'- t.,

yk.{dh "i
. - ,

-
-

. ...
.

,

;'. ' , ,
. , . . . . . ,, ;i 3

' -
..' . ' * j {

,

I
,-

. - .

'l.,__ l.,

, ,

~'"',.

;'$ott.
|

--
y

3 t
' *

j%e t4
.

. . . ,

.,
. .. N f,|{| .3 I1' S 1'.. a.. .~, ;

.
-

-- . .
.

!
. ..s. ,. . <

. .
.

., .
. , ., +, ,

.

..
.,

*
!|.

j
. ..

.

;, ,

:. i. ' ,

t)-#-
-),, '..

-

y | !
,

dt..
,,,,r 'uan--

1*'

; '

,

. - s -

%- .

x. e-
..

-

1.
t

; ;
. s -

, . .

, ,
.

5 J | I' I
}

,
tw ' A- '

'

}N ( I
) t.1 1! -

- '

_\ i I ) :
---

/ >)'
- ' . '

%_ di>- /i m
!, /.

- -
_ -

,
= :

$ -

I % g
, i

I
1 ' I

>

l~_.h
i_

! I; .
'

. . ' ~ t3 1.- o " 4 I 3 i
,. -

- <

1

2
-

N .

g(t !- ,
.

4 ;q |

../ .I
5c . 5

- '

.. _s
. 1

i' .t i'

. . . -

j*. - 1

8, ,,|
. - ,

-
'*% , .

,
.u tT*,.y. '

$ *** CBD

-

>! In

se
,

I8[,

7,
,.

.

,
-

,

, . .



% y

..: m p.~,- y.--- - , ..,... ..-.- ..gL .
.

_

,

. . . . . . . - . .
. . . . , , - , . ,n ;. .;- ..

. ,

,Oa. - . _ _,,, gyg* ~

b'
I,

,

q'li
je- |el- } . -

Lf . |6.i[I|
-

..

'.S..
.

.

i s
|| g

'

,g ]. 2.*;;I,', ~
.

pi
:| ;I ;| '

..

In
-

4 d d !.
5,

~h, -

'. .

Ad.
; H it -

P ,.,

a i e as ,ep.p. -
. ..._ .

iit |
.

.
.

.

tic ,
-

,t ,1 (. .
,

; .

.
,

..
I

. 'p .

..
. .

.)[,q ,.I {
.

i
,

'

'j !4 .

-I,.
[ '|I

i
. .e., I],

- t .,- .

. .

... ,,g
g

'
' '*

..;
i ,

. ,

-
. '7-| i, {I. 4 i

4$ *

i. J.
'

.

5-
. ,

d. rl, .
: e <

g,'. =-

-...
N W- !

t ,,/g |,I |
'

! 's -
.

.q.

! 4 ,g }|1 k fflib t ' '

N: q
,.

y 2 -s n

D. ~, ---
,

<
.' *

. .. E

; .

'T, ,
.

|
.

..

1;-
..

!. . .
*

|
..- i

>.

g- I
. . >

t |
,

4 }a ,| , . i
.

^

-
- ( ,

J. % _
!

.
, . . ,

[. . 'a ' !
.

n
j \ C \1' ,

t
.

jN , ,L
.

c. ,,

,
_A J.

t

| |'
l- y .

,
j., x

.

i

.

. . . a' '
| E

, .
.

- . .
*

,

s .
/ . ,

;,
'j'- r/ fa y

N f
~

.E |.\ \ al

t

t
. .

j

e:I |
.

'

:r .-

e

1, ( -w ; ll |
..

( .

- -

-.,

..
'b|.. ..

-,

.TWE
,- .

.* FTW e r
t.

N'
f

* .. .

i: n. ,

.g' f' .

|

--- - . . _ _ . . _ . . ._.__,_ __ __ _ _ _ _ ,_



,n. .m - - - - - e. a - +s** -dre-a J w- . " - - --.-a,_naa_,,u_ ,, ,e__sa

: pm . c.r- . ,- .~ - ,

r ,, , , .w . ., . ,m .m . ,_.. m . ., . . . .
- . -

,. . , - ,. . s
us ie n tuslo inselun :

- v-
| w\ vIt- t ,ad

l

!$,54 ( | .

i ' |s, , * . .
,.

.

| [1
' -. ' ,

.g ''

< i

4
. ,oi=a I

.

, ,

.

_. a. .,uI u,. .t*

. | . .
, ,

;..

l_ .. . . . ..1 .

.. . . .,
- . i...g i .

-

'
.

.
. i i i

'

't.i._ ) :
.

!
.

-
-

.*** p4
1 3

j-
, -

.

1 i*

)%,~ ,
'

b'~
,

j

i !i
..

i :
, ,

<

- -

i :
,|

3
!:~ |

- . . . .

:
-

Wl' x| MImusumusumusumusumu I

,)sf'g.
~

I !
-

' WW I'

e-
' ,g~~

;
,x

*.. - -_---
----

q )'N./ %S'

- y :
.. - .,

* |
(

s
"

| '

! , -
- - . ,

.

4 , . .

,

.

... . .
<

*' -
,

(
.. . '

f' *
;4

.

: ' '*
'.

}. ' '" ,

e ., .

:. .
,

.|
-.

:-

- ;
: /.
.. '

* # ,

i -*
.

. ,

',-

. .

!
-

'

: '. a ,
,

.
'

~

l

N -i, 1 %
e

,
.

.

e 11 < u ,

i| .-

:.

.- f , s-
!

.. ,

'

[
. _

-
.

;'...

q t g -v
. .

... .
.

.

**s .i . .

.

|
.

i

.

n
,

, , ,

.- - . - - . - - _ - - . - - - - - . . - - . - . . _ - _. -. . . . ,

__. j
' . I

-



-,__e a w 6 --o an, a e an* w , a ss .m ,m .Asa a

_; \' ?*- .r;.
:g' pp i m m 1 'd u lo : - - .

-

, , _
,

.T jit,

i hE II || l l if .O i i

'

| I-||?.=??;;| || t:1
Ap '

iz
a

11 1 1
| s===,

iip .n:

m u

| !1 | ,l |i:
1

3
.r i

,.

il yy ,yf .! . . l. . |
'

:$2'
:::; :s u

,. c ,.
..... . 'i, |

. . . . . .. ... .. . . .

;.
- - n. i..... .

,
. . ..

.! i,' '

,r. ,,

[ 11 |.

.},.!l |
i

-

II
[ J*h - :

t

a- ., g.t . i
.

# '

N,i;4'NiI1'

,.

1'?. I, a
' -

; gg.

. ,

| ,ll!
.. ,',

'

i

." I u!i.
. 4,.

\ ?'

!|
.

:

;l- .,. . . ..
,.

.

,

|
'

fj I;
. t ,j 3

~.' .g | ) ,

.

N, 7- ,,. .

-| \i; ,.

! !
.

.

!
'

' ,
. ..

L i .' '|. k_ % h> [
!'

! .,,s-

N \'

T m|, b [%. [ Y u! |!
'

r x

m ;
-.

iU 4 %
' #

| .g (M *
7 j

'

1. N 4 !,,

| v /- / _ % - * y ,, !
.

-
.

i N, - 1.
'

y. 7 9
'1-

k>
y ,. ,. .. .

! . e.,
. .,..

s!.
. -

I. g.s > t
.

,,e
* '

t,;,
;

;.....



1%1 ;

t;lj; ..

s)
. .

1{I ;,!
-

.
.

.r - ) ,;:.: i t: . .

' .

1 -i -

<1 j 6jer==ne
. I1 |

N ;,a!ip e
..

:- n -
.

.

4 , = . . . , ._ Dsa<I,f!!ti
,.

' s. !
- .

'O- .I ,4., a ;
ii- - - . - - - .

.L.c-e ,; ,.m
.

-

h \. . - . . . "./
.

: .1/ < i

v NN y ;j ( ,; 4 n,l .
,s , .

-

'ji
-

8- a x, L ii; ;.

)h *T |f ( - .
-

4. .}.
.

,

n @e 1
. ,

}|Lc !

'* -u .m I.

N '/ '
i..

@: m -|- t

.
-

.

t 7. ,u d

|$ H' |I i [ i
'

_

.,
t /

.

.

. o, i n.. e' :, ..
|, is

Y
.

t |-

| @u s ta
"

, s ,

5,f L t . 1
'

-.

i P :i
..

'/ lii

.
- -

E,o.

.

i n , ~ .

i' ,i' ./ N /,

! > ! :s;; ,
-

_ .

.

.. ..
iI am. ,

* t m m a, i
' -

. he , 1 i / \ n . ,-

t) N .' j. ,< a ;' q..- -

w ,u ! |

,..

"4 (; si j
a-

=
. s .

I ll.

:|
-.

QF n- T '! !, r .. i.r
$

t 3 | "*- f '-r'TDT *.. ,

A
~ ''

i.,t x%
!

'

-

4, : , ,, .e ,

t -
,

| r -. . m n.
.. .., /, , . ,- p- e-

. , <
4! . . A. ,. .

a . ..- o , , , , , , , , ,

(r. .s; ;n=..
5 M..

C [
-

~

.

An

E*. ..

y _. .

.

. ._._ _ _ _ ___. _ _ _ _ _ _ _ . .__ __ _ _ _ . . _ _ -



.,. q- .
. ,

. . . ' ' .
. , * ,y. , .* |,, , r , " $ by. .y.A- .r ; , |,q |,.,/ .. t

- . e.(,.;- |.,. . . .
| [

*' '
.

* | ''
.

...*2. . .e . f . a
'

e -
,

-

!.' : . . .
., . . , ,,

, s - ...

' Q' *;.., .' | L*' ['i .,,.,'. E
(,'

,.;| .L .:.
, ,,,

) | In, '' |
' ~'

.

- .,.

m.: . . . . . -
t

* - "....;;.. :z
< .

I , ,, 8 s. .
- '

,
. i -

g; --

.;.<... . ....

.

a*,...,,c... ... .
, 3

.' - ... . .

.

' .E '

: .A .' :y:. <.; &* . ' . ' . ~ '
t. ': A .

:n .. ,
.s

. ( j.f 4 > !
. .

5| l
. .'. . . , ... . ,g . ;.:: , { . j ;.C, ,' ,, .' r.t . . . , c .r,.i et

*'

, , . . .,
.i.,,......,.. . . . .

... . .

. .
, . . .

i.<
.

.....o. v. ,.a :
. ...

> ,e .....:e....-.. , .

.. . .

g, . , -.:-
, . ...-

a. t
'

, :)g g ', . ; . . . . .qg .. c..
.. . .a; e a .

..;. .e .7:::y.:. w y.. . :.
, . . . . , , .

,: t..
-

, , , , ,., ,, ..
. . ... .

. ;. - . .A E..;.::.<W & :y?..Y:%., . .g.cc . .
-

i.
.

. . .< .. . . .. . ._

.
..

. . u , 1 :.t ... :.. , . , - - : . s :. . . . . , . .,
.

, .

y.w . . 3.us ,

.
. . .;. .. ., .. . ." - n- .

(,t
.. .

. . . . . . . ..
-

- -

.. . .. . . . .y
., ..

.z ...
. .

..

S . .r. - , :n--

,i
,. .

.
. I> . '_v . ,.

.

. . . . . .

.
-

. . . . .. .

-

. ..;... .,,

.
_ i- . ..

, . . , . . . .

n e m -u -. .

*"

h
"

|||ill .. [ 1)

-

e = m' * I
-

s ,. -

u,. | m' ~ ! |.e ,
...

1
I,,,, Its ..

<

.
'

.?.n ....

' *

;1'
-, y ,

. .. .

4 4 .
5 L_-

.. ..,

bY~
'

'

v

. !..
.

. .;. . . ..

<. ,
.

:. 2 5-
.'

1,d'+ "I .]q .+ :..

s
.

. .,. ,
'

f' ''y -

)~ G . . ,,

<a 4
.

..
.

#'. < -
.

- |
-

_ _.
- _

14 r
| .

I| 8 -1. 4 -

|

''

, .
*5 gne

\~ G .Q f|
|

- -
.

, s.

..

,_ ,) '. f' n. .- .o.s; - - -.

'.Lt' .'-
a

hg( " r%-

1 ! by
,

; ... ; .

m. ..
>
'

Q . ' .1.;. !A ... - ''
.M . yn - g; ..- .. . .::s.s ,w na.; L . . . . &.8-

. . . ,
.

-

.
*

s ....e

d



- - - - . - - . _ _ . - _ . - - . - . _ . - - - - - . - - ----- .-

|

3.0 Thermal Evaluation j

3.1 Discussion
!

/J The 3100A design is a completely passive thermal device and has no I

t mechanical cooling system nor relief valves. All cooling of the |
container is through free convection and radiation. !

'

I

the container is a vertical, finned cylinder approximately 1.0 m (3.28 |
ft) high and 0.6 m (1.g6 ft) in diameter. It is designed to carry high |

activity gatsna sources and is construc'ed of depleted uranium shielding
in a stainless steel skin. The fins aid dissipation of heat generated
by the con'sents. The fins are enclosed by a cylindrical jacket of thin i

Sauge stai.iless steel. This serves to improve natural convection around i

the fins by inducing a ' chimney' ef fect and also to redtJce heat uptake !
'

during a flre by acting as s thermal radiation break. Fins on the top
of the closure and the unterside of the body also aid heat dispersion.

To keep accessible surfaces cool, the flask is transported on a pellet
enclosed in a framrsork of angle and wire mesh.

The maximum heat source would be 10 P8q (270 kCi) of Cobalt 60. The'

; maximum heat load in watts is 4.160kW.

3.2 Egarv of Thermal Properties of Materials

The melting temperatures of the metals used in the construction of the ,

Icontainer are:
i

| Depleted uranium 1132* r. :
' 300 series steel >1345'c

.
Copper 1083*c ;

Tungsten 3410'c :
!

Additional data on the thermal ptoperties of the materials may be found !
in Packaging Group Memorandum (PGN 243 Appendix 3.6.2). |

*

J 3.3 Technical Specifications of Components
;'

Not Applicable.
I

3.4 Thermal Evaluation for Norinal Conditions of Transport -

I

3.4.1 Thermal Model

The thermal evaluation fcr normal conditions of transport is gresented '

in ' Packaging Group Memorandum' (PGM) 188 and 243 along with Tr&nsport
Container Test' (TCT) 1062, which may be found in Appendix 3.6. The
steacy state thermal test was conducted with a 3100A design flask (G.A.
Draw. No. 0A 23525) without pallet, transport frame, jacket or drain ,

plug. A complete description of the 3100A flask may be found in section
1.2.1, and the drawing in Appendix, section 1.3.4. ;

:

!
3-1
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Thermocouples were attached around and inside the flask and to thr:e of i

the Co40 capsules used. The flask was then placed in a shielded cell
where it remained for the duration of the test. The thermocouples were

'.'O connected to a 30 point chart recorder. All thermocouples were !

calibrated at ambient temperature before the start of the test, and with |
the exception of No. 2 af ter the completion of the test. [

t

The drain hole was plugged from the inside of the cavity to prevent air
'

circulation through the drain tube. In addition, a thin aluminum ring |
was placed around the top of the cavity where it would be sandwiched :

under the closure. This provided two thermocouple points with which to !
Imeasure the cavity wall temperature at the top (adjacent to the capsules

being monitored). [

fThe source holder was then loaded in three stages: .

were loaded. I
a)'20 capsules (x170 type capsules, each 2,360 kCi Co 60)the inner tube21 into three evenly spaced groups. One group was on !

'

ring and the other two on the outer ring. The center top capsule in
each group carried a thermocouple clamped to its top face under the :

head of a small screw. The closure was replaced and the flask lef t :
tto stabilite,
'

b) A further 23 capsules were loaded. The closure was replaced and the
flask left to stab 111 e again.

c) A further 23 capsules were loaded bringing the total to 14 one short :

of a full load. The closure was replaced and the flask lef t to ;

stabilite again. ;

The results of this test are in Appendix 3.6.

3.4.2 Maximum Temperatures

As presented in PGN 188, 243 and TCT 1062 in Appendix 3.6 the maximum i

^ temperatures which may be expected are 73*C on the transport cover. |

101*C on the flask surf ace with the content: at 451'C. The maximum
i,

*

surface temperature in the shade under normal conditions of transport is I

predicted to be 38'C. The maximum temperatures encour.tered under normal ;

conditions of transport will have no adverse effect on the structural ,

integrity or shielding efficiency of the package. i
t

3.4.3 Minimum Temperatures |
The minimum normal operating temperstures of the 3100A woulo be those i

shown in PGM 188, in Appendir 3.6.165 expected prior to transport. |

That indicates the external surfaces to be at 38'C, the fiask surface at |

g4*C and the contents at 450*C.

!
+

"

:
!

:

!
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,

3.4.4 Maxi- Internal Pressures

O' Any pressure increase in the containment system can only arise f rom
thermal ef*ects. This will result in the following pressures,

, calculated f rom the temperatures in PM 188.

Prior to shipment - 2.65 bar
During Normal Transport - 2.67 bari

During and Subsequent to Accident Cor.ditions - 3.58 bar

3.4.5 Maximum Theriani stressgi
!

The maximum temperatures which will occur during no: mal transport are |
sufficiently low to assure that thermal gradients will cause no i

significant thermal stress.

I 3.4.6 [ valuation of Parkane Perforiaance for Normal cotiditions of Transoort

The' normal transport thermal conditions will have no adverse effect on i

the structural integrity or shielding efficiency of the package. The |
;

'

applicable conditions of IAEA Safety Series 6 for type 8 packages are j
shown to be satisfied by PM's 188,243, and TCT 1062 which can be found ;

in the Appendix, section 3.6.

3.5 Hvoc,thetical Accident Thermal Evaluation |

!
3.5.1 Thermal Model

I

f( The performance of the 3100A in the thermal test has been modeled using i

i
the TAU finite element programs developed by The United Kingdom AEA andi
the Ig85 IAEA $$ 37 GuWines. The conceptual model, simplified from

|
~

the original drawings, % shown as figure 1 in PM 243 !ssue 2 Part 1
(Appendix 3.6.2). It toncentrates on a 20 horizontal (XY) (RZ) section.

The XY cross section model took full advantage of the symmetry of the :
iflask so, in fact, only a 5 degiee sector was considered from $he center

.
'

of a fin to the point equidistant between that fin and its neighbor. |"

Various parameters were investigated including: |
f- The spacing between the shield and the body

- The type of gas within the voids ;

- The external heat transfer coef ficient !

- The amount of penetration of the ambient conditions between -

the fins.
6

The model is further described in PM 243 in the Appendix, Section 3.6.2. |

3.5.2 Packane conditions and Environment j

TCT No.1027, Appendix 2.10.g shows that the flask will remain within
,

the pallet and framework enclosure. The tests designed to induce i

mechanical stress (fee drop and puncture) cause minor deformation but no
reduction in structural integrity, nor impairment of any safety

O features, including shielding officiency.

3-3
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I

3.5.3 Packase Tenneraturei ]

Subjected to the 800'C thermal test condition, the surfaces of the
container will follow the fire temperature and therefore rise to 800'C

|' as calculated ir, pSM 188 (Aopendix 3.6.1). The peak temperature of the |s

contents would be 705'C.

3.5.4 Maxi- Internal Preisgtgi )
1

|
The pressure in the containment system can only increase due to thermal j

|'
effects. These will result in an internal pressure of 3.58 bar during,
and subsequent to accident conditions, calculated from the tsuperatures
in section 3.5.3.

The contents of the container and primer containment are special form |

capsules. As the requirements for *,peci 1 form testing are more severe ;

lit can be concluded the internal pressure generated by 800'C
temperatures would not affect the source capsule, nor will it affect the !

container. |
-

3.5.5 BEL um Thermal stresii

There are no significant thermal stresses generated during the thermal |
i

test.
i

3.5.6 Evaluatiot; of Packane Performance

Examination of the melting temperatures of the materials used in the |
construction of the container indicates there will be no damage to the |

container as a result of this thermal test. However, as discussed in :

section 2.4.4, stainless steel and uranium do have the theoretical

|
ability to form a eutectic alloy at temperatures down to 750'C. To i

prevent this from happening all adjacent stainless steel and uranium
surfaces have been separated by a copper barrier. Tests included in ,

* '
Appendix 2.10 showed that the copper barrier was suf ficiently durable to

!withstand the. requirements of the manufacturing process and test'

Iconditions.
i

The computed behavior of the flask in the thermal test shown that the i

fgreatest component temperatures at 49y stainless steel to uranium I

interface were in the range of 460 to 522'C. That indicates that the'

copper barrier could be omitted from the design without compromising its
ability to meet the test requirements.

In conclusion, the 3100A container will undergo no loss of structural
integrity or shielding when subjected to the thermal accident
conditions. The pressures and temperatures have been demonstrated to be
within the required limits. The construction materials are capable of
satisfactorily meeting the 1973 IAEA SS 6 type 8 thermal testing
requirements following mechanical testing.

3-4
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. . AMERSKAN INTERNATIONAL plc. PCM 188'

Yssco 3 i
International Operations |

i
Packaging Group M norandum

!!O (
. Performance of 3100A Flask under IAEA TYDe '8" Thermal P.eouirementa |

C A Drawing No. 0A 23525
:

A. DESCRIPTION
,

'

The 3100 flask is a vertical, finned cylinder approximately 1.0m high and 0.6m '

,

diameter. It is dasigned to carry high activity gamma sources and is !constructed of depleted uranium.sh'ciding in a stainless steel skin. The fins
|aid dissipation of heat generated by the contents. To keep accessible surfaces
icool, the flask is transported on a pallet enclosed in a framework of angle

and wire sesh. The compactness of the flask and the absence of a conventional
e

thermal barrier mean: that particular attention must be given to assessing its
performance under the IAEA thermal requirements. In this case these are:- i

1. Prior to transport: Equilibrium in the shad's in an ambient of 38'r. |
.

2. During transport: Peak temperature under the sun in an ambient of 38'C, |followed by:-

3. During and subsequent to accident coaditions: Peak temperature caused by a !fire test at 800'C for 30 minutes.
i

4. Performance of materials, .

;

3. ASSESSMENT

1. Equilibrium prior to despatch.
.

;

a) External surfaces (pallet and outer framework); Due to the great ease *

of air flow, not only through the wire mesh sides of the framework but
|

,

also through the pallet, no accessible sur. face is expected to be hotter >

than the ambient air temperature of 34'C.
i

|
1b) Flask suraace: Temperatures at different points on the surface vary|

.

| widely, so the fin tip temperature at the mid. height is assumed to be
the most representative figure, i.e 94'C (eee TC Test No.1062). |

c) Contents: Capsule temperatures were measured with three different total !

) activities in the flask and the results displayed on a graph (see TC*

Test No. 1062). The source temperature with 10TSq Co 60 load is ,

predicted to be 450*C.

2. During transport.i

j . ,

*

| a) External surfaces: Likely to reach up to 73'c (see EPM 85). '

i

.

HP/PCM188/3 Page 1 of 5
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b).F1:sk surface: Heat input due'to insolatten is as f011svs:- )
. .

(ref. IAEA $$6, Tcble !!!) !
i

H2ris:ntel cres (1.o lid) I

!;

; ' Qn =%xin 2 x goo j
!A = 3.142 x 0.235,

. = 139 watts i

!
Vertical area (i.e fin envelope) J

Qv =A x I,y
= 3.142 x 0.64 x 0.9A x 200

||= 394 watts
!

Total heat input therefore = Qn + Qv = $33 watts i
-

In normal, fully loadeJ . .,yotlibrium with an internal heat load of
4.160kW, the flask will run at an everage of 94'c above ambient. By .

simple proportion, therefore, when it has an additional $33 vatts to !

dissipate, the average surface temperature will be:. !.. _,

94 + (94 38) 533 |,

4160 :.

!

= 94 + 7 I

= 101'C j
i

e) Contents: The temperature of the contei. will increase by no more that |
the increase in the average surface temperature due to insolation. Thus !

. /,'pI the contents will run at a peak temperature no greater than '

( 450 + 7 - 457'C 1

3. During and subsequent to accident conditions.

a) External surfaces: TC Test No. 1027 shows that the flask will remain i
-

within the pallet and framework enclosed after the mechanical tests, i
These surfaces will follow the fire temperature and therefore rise to * i| .

800'C. !
'

'
.

b) Flask surface: The performance of the flask in the thermal test has
,

| been modelled using the TAU finite element programme and the 1985 IAEA [SS 37 guidelines. i

c) Contents: The computer assessment only models the behaviour of the
j flask as far in as the cavity wall. In order to predict the temperature i

'
of the contents at the elevated temperatures of the fire test it is
necessary to establish how heat is being transfered from the source ;

capsule to the cavity wall. There are three modes of heat transfsr -
conduction, convection, and radiation. The first two vary in simple |
proportion to the temperature difference more or less regardless of ;

actual temperature. Radiant heat transfer however varies in proportian
to tha difference of the fourth power of the temperatures in absolute
units .This means that at higher temperatures radiant heat transfer i
becomes increasingly efficient. j

,

r

(
i

O' -

1 HP/PsM188/3 isse 2 et .,
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It is possiblo to cettene the re10tive pr:p>>rtis, of ccch mode by j
.

simple cc10:1stion, It must be stresssd h:vever that b:ccuse the true
!situation is complicat:d by the s2urcs ecpsules being enclos*d in tubes j;" -i.. La two eencontric rings. The values calculated are only be used for j'

eosparisen.* The actual amounts of heat being transfered may be very i
E. different from the values calcu*ated. |

1) Conduction:
1 - source cap.ufe) x A x t x k

H,4 - (Tg . T
T temperature - 450*C
T2 - cavity well temperature - 100'C ;

A = minimum of either cavity wall area or capsule area 1
'- I

2cavity well area - [(2.142x50 x2) + (3.142x100x510)) x 10*' = 0.176m2 {

|source capsule area - 25 x 3.142 x 10 x 452 x 10 6 - 0.355m2

n us A - 0.176 m2
t - average distance between cavity wall and capsule

- 0.018
k - Conductivity of nitrogen at 300'c = 0.030 W/m'c

,

|.. Thus Hed - (450 200) x 0.176 x 0.018 x 0.030 - 0,02 vj,tJs, i

I
11) Convection: H y - (71-T)*AXL !2 eve,

Tg - 450'C
T 200'c2

0.176m2 |
A - !

2Ley- 6 watts /m .C (typical value)

hus Hey - (450'. 200) x 0.176 x 6 - 264 watts !

|

* X ') x A x E x S |111) Radiation: Hr " (X1 2
.

Xg - 450 & 273 - 723'K j
X 200 +2 0.176m[73 - 473'K

i

A -- t

E
- ensissivity = 0.8 (typical value)'10*8- Stefan Boltzman constant - 5.67 x watts /m g24 eS,

n us Hr 1782 watts-(723'- 473 ) x 0.176 x 0.8 x 5.67 x 10*8
4

-
>

i

These calculations indicate that radiant heat transfer is accounting
'

for almost all (874) of the total heat transfer between the source
,

capsule and the cavity vall. It is possible to check this coneiusior.
,

using the value shown in TC Test 1062 App 3. Craph 1. If the capsule i

to ca vity touperature difference is determined by radiant heat transfer I

lone it should be posible to take one experimentally obtained pair of
3temperatures and from that calculate other temperature pairs. These can !

than be compared with the temperatures measured. In the following table '

thelouestpairoftempgraturg/PBq)whichisproportionedtothes has been taken as the datum. From these !

a factor is derived (Kg -k2
efficiency of the heat transfer process and takes account of the actual -

heat load. The next step is to calculate the capsule temperature with ;different cavity tempor a and heat loads using the equation ;

K3-(X2 + (PBq x F)) Note ti.at it has been possible to drop out :
many of the factors in the standard equation because they are constant !

(O
throughout the excercise n e final lines show the discrepancy between
measured ans calculated capsule temperatures b>th as a temperature and
as a proportion of the absolute cavity temperatu:e.,

;
'

HP/PCN188/3 Fage 3 of 5
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_ _

(fire test) |*
.'

Capsule t speraturo (X ) 507 601 653 718 971 |t

Cavity temperature (K ) 367 399 428 473 856*
2

Heat loading (PSq) 2.45 4.44 6.48 10 10

4X2 ) /P5q (F) 1.96x1010 ;, , , ,

(K1
i

(K2 + (F x F5q))0.25 (K )4 579 633 704 925 l

3
.

-

!

22 20 14 46 j'C Discrepancy (X1 K) .
3

1 - K )100/X3 3.8 3.2 2.0 5.0 |
l

4 Discrepancy (K 3
|

* Peak cavity temperature occured on top face of tungsten dise (see PCM 243) l
i

|

lThe results show that capsule temperatures can be predicted with a fair '

degree of accuracy when heat transfer is assumed to be radiation only. The
final column calculates the source temperature for a cr.vity tempnrature of
'K (fire test peak . see PCM 2'43,Pt2). Howaver s.n allowance must be made
for discrepances before this can be used. As temperatures rise heat i

|transfer by radiation will only become more dominant and therefore the
calculations more securate. As the maximum discrepancy calculated was 3.8% J

.

and the tendancy is for this to diminish at higher temperatures a 56 |
margin is considered more than adequate. The only step remaining is to add i

the allowance for insolation:- j

Peak capsule temperature - K3+7
= 971 + 7n,,
- 978 'E (705'C)

4. Performance of materials. [

The constructional materials have individual melting points well in excess |
of the temperatures experienced. However, stainless steel and u...ntum do .

have the theoretical ability to form a eutectic elloy at temper 4tures down
'

;
.

to 750*C. To prevent the possibility of this happening, all adjacent
stainless steel and uraniwa surf aces have been separated by a capper*

barrier, either in ghe fous of a thin sheet or a plasma sprayed coating on ;'

the stainless steel. Copper has a moltirg point of 1083'c ant, has no
| tendency to alloy with the other materials at the temperatures in
! question. In order to prove that the costing is sufficiently durable to ,

survive the constructional and 1AEA test requirements the following tests
were condveted:;

i

a) TC Test No. 1043: The effect of welding on the edherence of a copper
sprayed coating to stai-usss steel.

b) TC Test #1o,1019: The effect of gross deformation on the adherence et a
copper sprayed conting to stainless steel..

c) TC Test No. 1024: The effect of 800'C on ties adherence of a copper
sprayed coating to stainless steel,

d) TC Test No.1014: The effnetiveness of a copper sprayed coating as a '

barrier between uranium and stainless steel at 800*C in a helium( |

atmosphe: e.'

HP/PCM182n Page 4 of 5
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These tests showed that the copper sprayed c: sting was suffic;en ly ),

dur:blo t3 withst:nd the requir:mants cf th) manufacturing pn u.4 cnd-

t st conditi:as. I

Wete: The computed behaviour of the flask in the thermal test thowed that
r- the greatest compen.mt temperatures at any stainless steel / uranium i

Interface would be 522/460'C
)

C. CONCLUSION i,

I1. With covents of 10P8q of Co 60, the following temperatures may be
|expected: ;

'

External Surfaces Ih,sk surface Contents |

Prior to transport 38'c 94*C 450'C
During trarspert 73'c 101'c 457'c l

During therms 1 test 400'C 705'c |.

2. The construction materials are capable of satisfactorily meeting the 1973
IAEA $$6 Type 'A' thermal testing requirements, following nechtnical
testing |'

,

t3. The copper barrier may be omitted from the dwsign without compromising its !ability to meet the test requirements abcVe.
!'

+

;

D. ADDENDUM !
!

In response to a requirement to transport lower specific activity material
!a secon>l source holder has been designed **ith a capacity increased from 25 to f32 source positions (Source Holder 2 Dr.,.Ho.2a 23978).In order that the j

. thermal assessment is not invalidated (i.e. the capsules do not run hotter) 4

the following precautions have been taken:
i

,

a) The physical distribution of the capsules within the flask cavity |has not been changed. The capsules are arranged around the same two diameters ja's in the previous holder, j
'

b) The tubes which formed each source position ha e ba6a replaced with four.-
alignment plates for the whole array. In this way herc.; transfer between each ;
capsule and its environment is greatly enhanced.- |

The capsules in Source Holder 2 will run cooler than in Sourca Holder 1 5

due to the far greater ease of heat transfer. The assessment for Sou.ce Holder 1 !
may therefore stand as the worst case.

,

i
:

Author: !

Signedt... .I Q.C O................Date:../.k N b. ..

L
;

'

Checked:
P

! '

. . . . . . . . . . . . . . . . . . . . . . . . .a t . : .u . x,g<sign.d:.< .... ....

.
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AMERSHAM INTERNATIONAL FLASK - APRIL 1987
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...........

The anvestigation turned out not merely to be a celeulation on a
well defined model but a survey of the possible outcomes of the
variation of a number of parameters. The parameters considered ,

were: j
the spacing between the shield and the body I

the type of gas within the voids i
'

the external heat transfer coefficient !-

the amount of penetration of the ambient conditions i.
between the fins.

The conceptual model, simplified from the original drawings, is
!

18 shown as figure 1. This exercise intended to concentrate on a 2D
;' horizontal (XY) cross-section supported by an axisymmet ric (RE) ;

section. !

The XY cross-section model took full advantage of the synmetry of '

the flask so in fact only a 5 degree sector was considesed from
,

;i the centre line of a fin to the point equidistant between that ;

l fin and its neighbour. Figures 2 and 3 illust'ste the model used i
for the " penetration" and non-penetration" assumptions. !

r

|
Various cases run a e summarised in the following table.

gap filling hte penetration acket is
n position |

1 .5mm He 10 no no +
-

2 .5 He 10 yes no ,
,

' '
3 .5 He ?? no fins no ,

4 1.0 He 10 no no ,,

5 1.0 N 10 no no i
t

6 1.0 N 30 no no
.

2 The XY "no penetration" model'

................................ ;

The flask well and the sides of the fins radiate to an atmosphere '

;

at the prescribed temperature immediately beyond the end of the
fins. This is equivalent in the fire test to saying that the !

.
*

radiating part of the flane is not able to pnetrate between the i

I. fins, or in the furnace test to saying that the radiative heat,

,

L
cones essentially f rom the distant furnace walls. ;

!The ambient etmosphere is represented in the model by an

additional array of elenents which remain at the prescribed
temperature and which reside immediately Lyiond the , fin tips.
This assumption implies that the fins might cause a reduction in

7 ,

I-1-
.
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i,

|

the amsunt of heat absorbed by the flask, because the view factor
from the flask wall to the ambienco is considercbly reduced, most

*
,

e of the radiative heat which reaches the flask wall being by.

the fins. This effect- is of i

reflection or re-radiation fromoffset by the increased surface area provided by the fins.

3 course
D which receive heat and past it into the flask by conduction. A

|priori, it is not clear which effect dominates.
|

3. The " penetration" model
..........................

Radiation is exchanged between the flask surface and the sides of j

the f ires and an atmosphe re at the prescribed temperature in |

immediate contact with them. Here of course the. atmosphere is not
itsmodelled since every part of the surface exchanges heat with

immediate surroundings with an unreduced view factor. - -

This assumption implies that the fins will certainly cause f~

additional heat.to be absorbed by the flask compared with a flask |I
which has no fins, and there is no compensating phenomenon to )

offset this effect. J

4. The "no fin" model :.....................

The intention of this model was to obtain by experiment a set of
enhanced heat transfer coefficients and radiation coefficients i

which would mimic the temperatures of the other models when the !

!
fins were removed. This was to provide suitable external boundary ;

conditions for the axisymmetric model where of course the fins i
,

cannot be modelled. As a by-product it provided information about !
'

{1 efficiency of the fins in the normal steady state use of the +

the i

flask, and about the shielding effect of the fins during the fire
!model is used.test when the "no penetration
i,

,

;

5. The RZ caseI '

' - .............. ,

,

( 4 The RE model is shown as figures 4 and 5. Because the gaps are so i
h scaleVery thin, a scale drawing does not show them so an out of

>

I| t

picture has also been produced. This together with the data
|[ . replay listings gives confidence that the intended model has in )

|g fact been set up.

The heat input on the finned surface was represented by a flux,
as the XY )varying with time, which gives the same temperatures

* cross-section nodel. This is expected to be pessimistic because
the top and bottom corners will in practice heat up rather ,more 3

!rapidly than the central region and the flux at these points will
-

!reduce.
i

,

f
3

-2- .

,
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6. Results for the finned XY cases |
, '

,

..................................

inner surface temperatures outer surface temperatures j

case case
time 1 2 4 5 6 1 2 4 5 6 j

0 228 208 240 379 345 137 116 137 137 80

200 229 210 241 380 346 215 340 228 249 277

400 235 227 245 380 347 274 443 298 350 420 ,

600 248 263 256 384 353 324 495 355 430 511 |

800 "58 307 273 390 363 366 531 398 489 564 i

1000 352 295 400 559 433 532 !
'

1200 319 320 413 396 428 460 560 612 -

1500 360 452 358 435 426 464 613 493 587 628-
'

1800 399 502 395 460 457 495 638 520 605 640.

1900 411 469 467 466 563 562 :

2000 423 528 4*7 477 477 446 530 464 528 498 i

2200 440 545 435 491 492 418 477 426 471 407
'

2400 452 552 447 502 502 398 444 399 426 340 t

2700 459 550 455 513 509 377 414 372 379 276 i

3000 460 541 458 518 510 361 391 353 344 234 ;.

3300 457 520.47 508 349 318 206 r

3600 451 512 453 530.56 504 338 358 326 299 188 (

' ! ! I ! !
a

1.5 gap 1.1 1 ! |-
'.

| 1 1 1
;

lHe NI 1
.

10 30
I hte ! !

f! I
.

;.

,

-t ,

,

i*
.

a' ;
,

!
!!

|

'$ i

9 ;

t
;

U

f

',*
, .

t

,

I

i

'

,

O
-3-

|

|
|- _ _ . . _ . . _ . . _ _ . . . . . . _ . . _ . . _ . . , _ . _ . _ . . . _ . _ _ . . . _ _ . _ _ . _ _ _ . . . _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ _



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

.

.

!

7. Masults for the no fin case ,

;

-

, i

!
using data to correspond to case 1, removing the fins, and

O~ allowing the outside of the flask to "see" the anbient conditions !

with no reduction of view factor, at steady state initial ;

conditions the inside and outside temperatures were 347 and 261 :

respectively, an increase of about 120 degrees. The efficiency of :

the fins is even greater if we compare case 3 with case 2 when 4

the no fin case produces temperatures 140 degrees higher. |
:

In order to produce steady state temperatures in case 3 $

corresponding to,those of case 1, the heat transfer coefficient |

coefficient was increased from 10 to 27 and the radiation i

coefficient from 3.7795E-8 to 10.2E-8. (Note that no physical i.

ustification is intended for these numbers, we could have.

neressed one of them more ar,d the other correspondingly less to

obtain the sanw result. They have merely b.een found ,

!experimentally to reproduce the temperatures of case 1.)
It was found to be necessary to reduce rather than enhance the
radiation coefficient in order to obtain case 3 temperatures in ;

!the transient to correspond to those of case 1. This presumably
denenstrates the shielding effect of the fins when the r

'non-panetration" model is used. ,

A reduced radiation coefficient of 1.E-8 and an enhanced heat .

transfer coef ficient of about 20 give reasonably close results at i

the start of the transient but it did not in fact appear to be |,

[ ..

possible to find a pair of coefficients which would remain
|

constant through the transient. Instead, the heat fluxes on the
surface of the XY model, and those crossing the outermost gap,

t were obtained and then modified experisentally until reasonable
agreement was obtained.

. ;

j '

|-

1

l ;
.

I

.
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.
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O
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L, g. Pesults for the Rt case ;
...........................,

run so far, to correspond with XY caseonly one Rt case has beer 6
- - }-' 1. The fluxes crossing the outer gap of the XY run were modified

~

I
case. The .slightly and applied to the outer surface of a no fin

temperature history obtained followed that of the original case !
'

very closely during the fire phase but then showed slightly too :
"

| much coeling so that the peak internal surface tamperature was
underestimated by about 40 degrees. (A further experiment could !

remove this discrepancy.) This flux was then applied to the outer
*

;

surface of the axisymmetric model. At a particular height the RZ {

temperature history again f ollowed very closely the results of !|

case 1 providing usef ul confirmation of the consistency of the :

models and indicating that the peak temperature on the vertical t.

{cylindrical wall is adequately predicted by the XY model.. .

-' . ,

The peak internal surface temperatere in the Rt model however i

turned out to be at the centre of the horizontal circular base

where the temperature exceeds that on the vertical wall by about
50 degrees.

Careful checking of the model indicated a misunderstanding of the i

| original drawinos which resulted in the steel base being rather .

thin and insufficient clearance between the base shield andtoothe lining above it. Correction of these two items will cause a
:reduction in the peak temperature mentioned above. The stiffening

below the flask base have not been considered and since i
platesi these increase the surface area it was thought that perhaps the :

heat transfer coefficient of the base should be increased. This |

|

(. . will have the effect of raising the temperature again. These runs
|have not been perf ormed at 1 April 1987.
|

9. The effect of the jacket
...........................

.,

bute

'The jacket is very simple to model in the XY and Rt sections
,

to the correct data to represent the i

many questions as' raises
boundary conditions. A model with a jacket has not been run. :,

!
'

!
i The issues are as followas

|at steady state :

not -'

The jacket might reduce heat loss because the fins are
exposed to the atmosphere..

-

jacket might improve heat loss because ne'tural
'

Theconvection is enhanced by the " chimney effect". Subsidiary i
.

calculations are needed to establish a heat transfer
coefficient correlation.

In the fire / furnace
The jacket might help becaose it acts as ' a radiation :

-5-

I
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;

I
-

;
.g -

f'e shield,
I,

.

jacket might cause higher internal temperatures if the Ip The .

( 'ch'.mney effect" acts in reverse, The jacket will certainly !

cause higher internal temperetures if the flames are !'

present between the jacket and the main flask body as has i
been seen in sont fire tests on larger flasks. !
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|. .

.' conclusions

. ...........

as demonstratedrogram attempts to give accurate solutions !

,

The $e verification cases and by a variety of other checks on itsby tuse over the years. It is not inherently pessimistic, indeed in a
general purpose program what gives pessimistic results in one
situation might be regrdvd as optimistic in another. The

pessimism of the results presented therefore depends on the data
i

which is provided.

The peak temperature on the inside of the flask reaches an

450 degrees C unde r the preferred assumptions but j

accept ablereaches 520 with the combination of nitrogen gap filling (eithet |.

design or by the loss of the helium and its replacement byby Aair) a heat transfer coef ficient of 10 and a gap size of 1 mm.e

case which could possibly produce worse tesults, that is,

nitrogen, htc=10, gap =Imm together with a penetrating atmosphere

has not been run. The effect of the RE calculation on the-

l '

i estimate of 450 degrees is not yet clear but as already discussed
;

! it is not expected to be large.

l The effect of changin the internal gap is seen by comparing
ldeleterious ef fect on the normal

f cases 1 and 4. Th a has a |

I
running but improves the performance in the transient by only a

j
p" very small amount.
J The penetrating atmosphere assumption raises the peak temperature ,

P
by almost 100 degrees.

The effect of changing from helium to nitrogen is seen by
use is 4

comparing cases 4 and 5. Again the temperature in normal
considerably elevated, and this time the transient perforunce
also suffers, though this is probably due to the higher initial ;

,

temperature at the start of the transient. The peak temperature ;,

,"is also reached later.
,

The effect of increasing the heat transfer coefficient from 10 to
*

*

The internal peak
30 is surprising, compare case 5 and case 6.out to be lower with 30, probably due in part

,

, temperature turns the
,

to the lower initial temperature, but it is quite clear that
heat transfer coefficient does not cause a much higher

higher in cooling downI

internal temperature because of its efficiencyafter the end of the fire. The high temperature f rontthe flask it reaches
passing through the flask wall is damped down beforecontinued for longer then it is very
the middle. If the fire in i*
likely that the higher heat transfer coefficient would resul,t*

a higher centre temperature. >

.

>

0 $

,

-7- ,

. ,

|

| ., ,. - , - - . . - . , . . . , , , _ - , _ , . , _ _ . _ . _ _ . . _ . _ - _ _ , _ _ . . . , _ . . - - _ _ . - . _ . - _ . , _ . . _ . , _ . _ _ . . - - . . . . . . . _ . . _ . _ . - . _ . . . . . ,



7..
. - - . . - _ _ - . . . - . . . - . - . - _ . - . . . . . . . - .

9

Appendix*

AMERSHAM INTERNATIONAL FLASK*

'-
O -

Material Data ,

.............

I

Uranium
.

density 18.78g/cc = 1.878E4 kg/cu.m

conductivity 0.067 + 2.1E-5*T cal /cm/sec/deg C
'

4.1868*(0.067 + 2.1E-5*T) joules /cm/sec/deg c~ = or watts /cm/deg C j"
-

i

418.68*(0.067 + 2.1E-5*T) w/m/deg C |=
r. ,,

.

:l !
temp deg C cond

'

0 28.05151,

i

I 1000 36.84294
t

'

specific heat 2.61 + 8.95E-3*T + 1.17E5*T*-2 cals/ mole /deg C
,

d =(2.61 + 8.95E-3*T + 1.17E5*T*-2)*4.1868/0.238 f

joules /kg/deg C '

i, I
:temp deg C sp ht
!0 116.5

200 129.6 !i
?

400 156.4 !
600 186.1
800 216.6 |,

1000 232.1 j
.

I
.

*

Steel i

density 7.97 g/cc 7.97E3 kg/cu.m {
f

conductivity .038 cgs units ?= cal /cm/sec/deg C

= 4.1868*.038*100 = 15.90982 watts /m/deg C :

specific heat .12 no units ! ,

a
*

use temp deg C spht '

50 469
-

450 565 ,

i

750 615 joules /kg
as given over telephone by D W Rogers |

|
!

1

.g.
t

.- . . - - - - . . - . . . - _ - . . . , _ _ . , . . - _ _ - . . _ . . . - . - - . - , _ . - - . _ . . . _ . - . . - . . - . - _ . . .
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,

!

.

Helium (Pases1/deg K) kg/cu.e
'O s-p / 2077.3 * T*

density

not used
Cv = 5195 joules /kg deg C

specific heat Cp = 3117 joules /kg deg C'

,

not used * T*.71*(1 - 2E-9.p)
- 2.682E-3 * (1 + 1.123E-8.p)conductivity watts /m deg C

.

~

where T is dog X~

p is Pascal-

1.E5 Pa (1 bar)assume p = fact the ef fect of variationt
though in'

with p is marginal.; T (deg C) cond cond (p T),

0 .143971 .143971

200 .212675 .212714

400 273171 .273249

600 328585 328699'

f 800 380400 380514*

' 1000 429409 429633

,-[( )
' Nitrogen (not used)

p / (296.77 T) kg/cu.m
density

= 2.4001E-2 + 7.2991E5*T - 4.8409E-8*T*2

l'.
conductivity

.

5.6391E-11*T*3 - 4.5175E-1(*T'4
,

1.847 3E-17*T*5 - 1.3 010E-21*T*6
4
+ .

where T is deg C
cond ;

tenp 0240 |
0 0370200 0479400 0575600 0661800 0743m 1000 *

.

e

.,_

L-
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|
'

.

'a
e. ,

' -s Stefan's constant = 5.66925E-8 watts /sq.m deg K sec:

cas filled gaps, emissivity = .8 both sides ;'

40 = JL |ef fective emissivity = C.Cs =

1., C .* f.s- t it s 96 3 !

radiation constant used is 2/3 * Stef = 3.7795E-8 j

Radiation to ambient; emissivity .8 on flask and fin surf ace
t.nd in atmosphere

'

.

convection to atmosphere 10 watts /sq.m deg C see"

" * * *or 30 .

'
.

Internal heat generation = 4.160 kwatts

internal surface area is 2 * * * .05*.05 I
+ 2 * * * .05 * .535 {

|
= .015798 + .168D75 i

'

= .183783 sq.m ;;-

surface heat flux is 22635 watts /sq.m
t

(for the XY cross-section the pessimistic assumption !
,

could be made that no heat was lost axially, then ;'
.

the flux would equal 24751.) i
'

'
.

O

t

!

.

I
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.
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1. Preamble
t

...........

1.1 The investigation earlier in thw year turned out not merely |
to be a calculation on a well defined model but a survey of the
possible outcomes of the variation of a number of -parameters. The |

current exercise settles on a single flask design but ;
'

calculations are performed with and without the jacket and alto-
,

with and without a tungsten disk at the bottom of the cavity.~

e
1.2 The conceptual model, simplified from the original drawings,
is shown as figure 1. This exercise concentrates -on a to

horizontal (XY) cross-section supported by an axisymmetric (RZ)
9 section.

,

y

1.3 The XY cross-section model takes full advantage of the
symmet ry of the flask so in fact only a 5 degree sector is
considered from the centre line of a fin to the point equidistant
between that fin and its neighbour. Figures 2 and 3 illustrate ;

the models used with and without the jacket.-'

,

,: 2. The XY model without jacket (figure 2)'
s

. ... ......... ................... ._.____

2.1 During the fire the flames penetrate between the fins to
provide heat by convection to the flask and fin- surfaces, but

| because the flames are said to be relatively transparent, it has
f been assumed that no radiant heat is grovided by the thin layer

|q
of flame in that region. This is the non-penetration" assumption ,

| .of the report of 2/4/87. Radiant heat is input from the much

||
thicker flame layer beyond the ends of the , fins.

] 2.2 The ambient atmosphere is represented in the model by an

additional array of elements which remain at the prescribed ,

temperature and which reside immediately beyond the fin tips.

2.3 This assumption implies that the fins might cause a reduction
in the amount of heat absorbed by the flask, because the view
factor from the flask wall to the ambience is considerably,

j reduced, most of the radiative heat which reaches the flask wall

being by reflection or re-radiation from the fins. This effect is~

of course offset by the increased surface area provided by the
fins which receive heat end pass it into the flask by conduction.

.: A priori, it is not clear which ef fect dominates.
3. The model with a jacket (f'aure M
..............----_.. ......

3.1 The outer surface of t'ie , t's urfaces of two adjacent,,

L /
| Il . fins and the inner surtace c it d aC , form an enclosure within

[' which radiation is exch. ,as. 2< c use flames and products of

[ 1 ..

L
a . - - -.-. _ -__.- . - _ _ _ _.-.. _._ _ -...- -
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i
. .

.

t

..~ :

,.- combustion will pass up this enclosure, its walls receive heat by i

convection just as if they were exposed directly to the fire, ;*

however the path length through the reasonably transparent flame '

,

1 'is so short that the flames contribute no radiant heat at this,

point.

3.2 The outer surface ~ of the jacket exchanges heat with the
ambient conditions by both convection and radiation (of course

3

without enhancenent by fins) .
'

3.3 The jacket is in poor thermal contact with the slender fin
tips so it is assumed that no heat transfer b;r conduction takes

,

place. All heat transfer between the jacket and the vessel and
fins is by radiation.

,

E 4. The "no fin" model
,

4.1 since the fins cannot be nodelled in the axisymmetric '

i. representation one' cannot merely attach the recommended heat
transfer coefficients to the outer surface without enhancing them
in some .way to make allowance for the additional heat collected

. by the fins and pasced into the vessel. An XY model without fins
I was therefore set up to determine experimentally the conditions ;

l required on the outer surface to give the same effects during the
I transient as the correctly modelled fins. A set of surface fluxes

was determined which were then applied to the outer surface of
'

the R3 model. ;

. 5. The RZ cases
. _____........

'

il 5.1 The RE model is shown as figures 4 and 5. Because the gaps
I ate so very thin, a scale drawing does not show them so an out of '

'

scale picture has also been produced. This together with the data
j ,' replay listings gives confidence that the intended model has in -

fact been. set up.

5.2 The heat input on the finned surface was represented by a
| - flux, varying with time, which gives the same temperatures as the
| XY cross-section model. This is expected to be pessimistic

because the top and bottom corners will in practice heat upu

rather more rapidly than the central region and the flux at these
points will reduce.

P 5.3 A further case was developed, see figure 10, which included a
! 30mm thick tungsten disc at the bottom of the cavity supported on
I, steel bosses which provided an air cap between the tungsten and

the steel liner.

6. Heat trcnsfer coefficients
...................____.......

6.1 The heat transfer coefficients were applied along the outer
surf ace of the f1a,k between the fins .nd a1ong the fin surfaces.,(;;)

.,.

|
._ _ _ _ _ _ _ _ _ __ _ _ _ __. _ __. _ ~. _ _ _ _ _ . _ . _ _ _ _ _ _ . _ _ . . _ _ .
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%

;,' The run. which included the jacket had the hte on the inner and |
Jouter surfaces of the jacket as well.'

,G 6.2 The values of hte were celeulated from the equations detailed() in the appendix for the fire and cooling phases. The same formula
should' apply for the initial steady state as in the cooling phase
and would give a value of around 6, and this was done in case 21.
For later runs of case 22 however a decision was made to use a

fixed htc of value 10 since this gave steady state temperatures
which agreed with those measured experimentally.

6.3 The heat transfer coefficient and radiative coefficients on
the outer surface of the Rt model were replaced as explained by a
time-dependent heat flux. There seems her little justification for .

applying the same flux to the top and bottom of the flask, but j

both surfaces are finned and so the same problem exists, that,

radial and axial fins cannot be modelled in an axisymmetric
representation. An approximation often used is to dvuble._the heatthoughtransfer coefficient to allow for the effect of the fins,4

often experiment at ion will produce a f actor somewhat dif ferent ;

from 2.0. Conversely, becauue the top and bottom will not

the high flame velocities applying to the sides: experience
Amersham suggested halving the htc in these regions. Taking these
two statements together implies an unmodified hte at the top and

bottom and again, since the accuracy of any precise formulation
is likely to.be spurious, a value of 10 was taken during the

time dependent value running down from 10 to 5 wasfire, and a '

used during the cooling phase.
.

() 6.4 It would perhaps be better to run a number of cases with

various interpretations of the top and bottom htc. We note
particularly that SS No 37 para A628.20 states that the
correlations used to obtain the mean value of Nu imply that thei

L i

averaging process includes the top and bottom. Perhaps this
*

,

implies that we could in fact apply our surface flux to these >

su faces. .

6.5 A full 3D model would side-step these problems because the
fins would be modelled explicitly and the recommended values of

i hte would be attached to each flask- and fin surface. Thee
'

additional cost- of running the 3D model is probably not ,

i
1 justified.

|

' -

.

.

-3-
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* 7. Results ;

----------.

,

> TEMPERATURES for cases without jacket
*

case 21 case 23 case 24
XY with' fins XY no fins R5 based on 21,23

to emulate 21
CIS FS FR FT CIS FS CIS CB FS >

time>

0 268 180 175 113 268 178 254 103 166
1

200 269 259 266 438 270 279 255 304 261
400 275 318 334- 594 276 341 262 310 325

'

o 600 288 367 388 666 287 395 277 327 378
'

W 800 308 406 428 700 305 435 199 353 419
1000 332 438 459 717 326 465 325 385 451

I 1200 '358 464 485 726 351 491 353 419' 481 -

1500 397 49R 517 735 388 523 395 471 519 ,

,

1800 435 527 544 741 425 549 435 519 552
1810 436 S19- 539 722 427 540 437 520 544
1850 441 505 523 660 431 522 442 527 527
1900 447 492 505 600 437 502 448 534 508
2000 459 470 477 514 449 470 460 549 480
2200 478 440 439 407 470 429 479 573 444

,

1 2500 492. 411 404 316 487 394 491 589 417
2750 495 396 386 274 '492 378 493 590 40b ''

| 3000 493 384 373 246 492 367 491 584 396
3300 488 373 361 226 488 357 485 572 386 .

*

'

| (f{ }
3600 481 363 351 212 482 348 478 558 376

1 D B A E F C

| where ,

CIS > cavity inner surface (side wall)-

CB- > cavity inner surface (centre of bottom)
,

,

' .

FS > flask surface (side wall)'..

f,
'FR > fin root

'

,

FT > fin tip
si

L A,B,C,D,E,F refer to curves on figure 6
h

h' Notes for case 24, at steady state, the peak temperature is about
I half way up the cavity as might be expected. As the tranuient

proceeds this peak disappears and the cavity inner surface
temperature increases monotonically as one moves down the siCe
wall and along the bottom. Column E gives the temperatures at the.m

F note where the steady state peak was.
'

~

.

,

|'

-4-
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I TEMPERA'tDNES for cases with jacket
!

case 22 case 23 case 24J case 25'

XY with fins XY no fins RZ based on 21,23 RZ based on 21,23
: to emulate 22 with tungsten disc
| CIS FS FR FT JO CIS FS CIS CB FS CIS CB FS 'TD

time
| 0 245 155 149 89 54 245 149 233 283- 152 233 248 152 3392

| 200 245 210 215 298 654 245 218 234 284 219 234 249 219 339

i 400 249 256 258 438 669 250 272 239 290 271 239 253 270 341

1 600 260 296 312 523 683 259 316 250 304 313 250 264 313 346

I 800 275 331 349 575 695 272 353 266 327 349 266 281 349 356 i
'

i 1000 293 361 380 607 704 289 383 286 354 379 286 304 379 372

i 1200 314 388 407 628 710 308 408 309 335 404 309 330 404 393

1500 347 422 441 648 717 339 442 345 431 438 345 373 438 430

! 1800 381 453 470 662 724 371 472 380 475 470 380 416 470 469 >,

j 181G 382 449 468 655 619 372 470 381 477 468 381 418 468 471 !

j 3850 386 441 457 618 454 377 460 386 483 460 386 424 458 476,

i 1300 392 432 445 575 386 382 448 392 490 448 392 431 443 483*

8 2000 402 416 424 505 322 392 426 403 504 426 403 445 426 496 ;

j
2200 420 393 394 411 251 411 396 422 527 396 422 470 395 522

2500 435 370 366 325 195 429 -368 -438 546 371 438 495 371 553i

1 2750 441 357 351 281 170 437 354 444 550 360 444 SOS 360 569,

! 3000 442 348 339 252 154 441 346 447 548 354 446 510 354 579

3300 440 338 329 '229 142 442 337 447 541 348 446 508 348 583

! 3600 436 331 321 214 134 440 330 444 532 343 444 502 343 581

I 5 1 2 3 1 2 3 4 ;

!
; where 12345 ;

|
CIS > cavity inner surface (side wall) -

'

CB > cavity inner surface (centre of botton) refer to curves

FS > flask surface (side wall) on figteres 9, M{
*

|
FR > fin root
FT > fin tip -

!
.

JO > jacket outer surface
!4

i TD > tungsten disc centre

}
Note again that the CIS columns for cases 24J and 25 give ,

|
|

temperatures at the node where the steady state peak was. From ,

)
1200 seconds onwards tempqratures are higher at nodes neare.r the
. . . _

4
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8. Conclusionse ,

.. .. .......

b 8.1 The program TAU
,

8.1.1 The program TAU has been used to predict temperatures in a

small transport flask designed at Amersham for carrying ]
radioactive products. TAU is a member of a group of programs 1

which makt use of the UNCLE finite element system. The program
has had extensive use and validation and has been found to be
suitsble for a wide variety of heat transfer calculations within
the UKAEA, the Authority cannot however take respensibility for

the correctness of the results produced or for any event |

subsequent upon the use of those results when the program is J
*

.

operated by or on behalf of any other organisation or person. ,

_

8.1.'2 The program attempts to give accurate solutions as
demonstrated by the verification cases and by a variety of other

checks- on its use over the years. It is not inherent 2y'

! pessimistic, indeed in a general purpose program what gives ,

' pessimistic results in one situation might- be regrded as
optimistic in another. The pessimism of the results presented
therefore depends on the data which is provided. ,

8.2 Without jacket .

8.2.1 The XY case indicates that the peak temperature on the
inside of the flask reaches an acceptable 495 degrees C under the
assumptions made.

| 8.2.2 the RZ temperatures for the outer surface of the flask, -

half way up, closely follow the XY temperatures (compare curves
l' Ai B and C in figure 6). So too does the temperature on theo

inside (cylindrical surface) of the flask (compare D anti E) *

' ,

.though after about 1500 seconds this peint no longer" represants
the peak temperature. This provides some , confider.ce in the me hod*

y
adopted. ,

8.2.3 The peak temperature is found to be at' the bottom of tne
cavity and reaches 590 (curve F). What effect would other

assumptions about the boundary condition have on this?

8.3 With the jacket

; 8.3.1 The XY case indicates that the peak temperature half way up
the side wall of the cavity reaches only 447. This is not
strictly comparable with the non-jacke t casa beacause of the
different assumption made at steady state (see paragraph 6.2) .-

Under the same steady ntate assumptions we would assume the

tempe r atures to be about 30 degrees higher, say 475-480, still
distinctly cooler tnan without the jacket.

8.3.2 Again the hottest point is tu be found at the bcttom of the
cavity with a temperature of 550 but we should note the fall off

( A
..n temperature with radius so that at the crucial radius of 25 mmL

l
'

| ~6-
1'
l-

I

L _1__ _ _ ___ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ . . _ . _ . _ - _ _ _ . _ _ _ _ _ _ _ , _ _ - . _ _ _ _ - . . _ .
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the temperature as 538.

T 8.3.3 The highest steel uranium interface temperature is 544/r/1l''/ occurring at the centre of the base of the cavity.
"

(_ ,

,

8.4 With jacket and tungsten disk

8.4.1 The inclusion of the disk of course makas no difference to ,

the side wall temperature at the half way position and above but
has a marked effect on the temperature distribution at the base.
At steady. state the disc has a seximum temperature of 339 and the !'

steel line r belcw it is at 248 compared with a cavity bottom '

temperature of 283 when the disk is not in place. This is

explained by the air gap below the disk. The peak temperatura in -

.-
the tungsten during the transient is 583, the steel below it

attains a temperature of 523. The temperature of the disk is. ,

'

uniform with no reduction in temperature at a radius of 25 mm.
,

8.4.2 Note that the highest cavity wall temperature seen by the
flask contents is about 475, immediately above the level of the
tungsten disk.

8.4.3 The highest steel uranium interface temperature is 522/460
occurring at the centre of the base of the cavity.

8.5 Caveat

8.5.1 TAU is known to predict temperatures accurately in a wide
variety of situations but cannot produce resul'.s of better !

quality than the data. The initial steady state temperatures have
.,

,

s

an important bearing on the temperature distribution throughout,

'the transient in the sense that starting off say 20 d9grees
cooler will cause the peak temperature during the transient to be

.

almost 20 degrees less. The choice of heat transfer coefficient ,

J, is important as it largely determines the total amount of heat
' absorbed and lost during the transiert, though we might remark on- '

the discovery in April that a high htc throug.'out the transient
causes the outer regions of sne flask to heat up quickly, but

u then this heat is removed eoually quickly resulting in internal,

temperatures marginally lower.
b 8.5.2 The hte at the base is the data item most in doubt which is

I unfortunate since this must have some effcet on the peak

temperature in the cavity base which is within acceptable limits
hv *L - - m et M.
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|r APPENDIX j"

AMERSHAM INTERNATIONAL FLASK''

<O
--

Material Data i
,

.............
.

Ura'nium |

..... .

t

density 18.78g/cc = 1.878E4 kg/cu.m

conductivity 0.067 + 2.1E-5*T cal /cm/sec/deg C
.

,

4.1868*(0.067 + 2.1E-5=T) joules /cm/sec/deg c** =
or watts /cr/deg C"

'41t:.60*(0.067 + 2.1E-5*T) w/m/deg <=

s .

temp deg C cond
0 28.05151

*

1000 36.84294
,

! specific heat 2.61 + 8.95E-3*T + 1.17E5*T"-2 cals/ mole /deg C

=(2.61 + 8.95E-3*T + 1.17E5*T* 2)*4.1868/0.238 ,

'

joules /kg/deg C
! .

temp deg C sp ht
0 116.5

200 129.6
400 156.4 .

600 186.1
' . 800 216.6 .i

'

' 1000 232.1 l
.

, ,

*
J

| \

\ |

Steel I

. . . . . .

!1.
i- density 7.97 g/cc 7.97E3 kg/cu.m

l

|: conductivity .038 cgs units 't= cal /cm/sec/deg C )
|-

h = 4.1868*.038*100 = 15.90982 watts /m/deg ,C
i

specific heat temp deg C spht ;
--

50 469 |
t

!450 565
750 615 joules /kg |

.. |

| Handbook of Chemistry and Physics 58th,ed. CRC press )

9-

1'
,

l', ,

1 '
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'
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I
e

5
*
.

Copper |
'-

>p ......

- t,
,

density 8960 kg/cu.m '
'

'

conductivity temps 0 100 300 700' 1000 ;

403 395 381 354 344 '

1

specific heat temps 0 100 200 300 500 800
'

379 .397 408 419 .43 .44 ;. . .
-

r

k Tungsten
'

a ........

_

density 18000 kg/cu.m'

'

conductivity 178 watts /m/degC

specific heat 134 joules /kg/degc

: handbook of physics and chemistry 58th ed CRC press
,

_

Air-
...

conductivity: temps 0 200 400 600 800
cond 02412 .038641 .050841 .061442 .070853.

: .

- -

,
,

* 1

q .

.
f

s
.

e

%

-

- 10 -

,
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T

)Helium* ,

,,
o ......

I density = p / 2077.3 *-T ' Pascal /deg K) kg/cu.m
,

not used ;

l

specific heat Cv = 5195' joules /kg deg C |

Cp = 3117 joules /kg-deg C

not used
.)

conductivity = 2.682E-S * (1 e 1.123E-8.p) * T".71*(1 - 2E-9.p) ,
;

. .

fwatts /m deg C"

-
where T is deg K

p is Pascal

assume p = 1.E5 Pa (1 bar).

though in fact the effect of variation i

with p is marginal
T (deg C) cond cond (p:T)

0 .143971. .143971
200 .212675 .212714-

! 400 .273171 .273249 .
-

! 600 .328585 .328699
| 800~ .360400 .380514 ,

r 1000- .429409 .429633

.
.

, ,

l.a e'

* .

'
0

.1 <

I
'|

\-
q, - .

,.

e

|

| .

. q -) .

a
|,

- 31 -
, ,

| .1 c
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,

. . .
4. .

.

;.
.

Stefan's constant = ' 5.66925E-8 watts /sq.m deg K see

Gas filled gaps, em ss vi ity = .8 both sides 64 . j,
i

effective emissivity = t' G . .

C W C,6 96 3

radiation constant used is 2/3 * Stef = 3.7795E-8

Radiation to ambient; emissivity .8 on flask and fin surface
.9 in flames.

.

'

Internal. heat generation = 4.160 kwatts
.

internal surface area is 2 * # * .05*.05
+ 2 * * * .05 * .535

= .015798 + .168075
,

= .183783 sq.m |

surface heat flux is 22G35 watts /sq.m ,

1.
j / (for the XY cross-sec6. ion the pessimistic astumption
| _ [(],,/ could be made that no heat was, lost axially, then

the flux would equal 24751.)

|. .

- y
*.

4
'

||

|
1

n -

!

|

..

-

L

1
|- ;

$O
:

- 12 -
i h. ,

'
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|; HEAT TRANSFER COEFFICIENTS FOR THE AMERSHAM FLACK |'

I
' ' For the calculations during April and May 1987, the heat 1

OL, transfer coefficient was chosen to be 10 or 30. For the )
'

,

current calculations, September 1987, more'

detailed recommendations have been made. |

During.the-fire- ,

;

The Dept of Transport issue guide-lines and their " safety series"
no. 37 is rele*iant.

s

Paragraph A-628.20 suggests .

. .

- Nu = .U36 * Pr * Re'' ,

- "as quoted by McAdams". ._ ,

!

I .In fact " Heat Transmiss on" by W H McAdams on page 249 quotesi '
.

h' 'cpp'2/3 .036''

.

k .2- |,cpVf# 'f (LVp/p)I
,

1-N.

where'h-is the mean-heat transfer coefficient for use up the *

[ whole vertical surface .

cp is specific heat'

.p is density
k is conductivity

,

. .
' .

-

p is dynamic viscosity' '
..
,

'*

L is the height of the plate

V is the velocity of the flowing fluid
.

I and where subscript 1 implies bulk properties of the fluid ;

(see McAdams page 224) le 800 C in
this case.' ,

|: f implies fluid propertiec at the " film
|- temperature" .5* (Tbulk + Twnll)
| 4 *

(see page 205).L :

Using the usual non-dimensional nomenclature'

Nu = h L / k
Pr = ep p / k

,
.

g>; ne=Lvf /u

- 13 -
,

,

) , ,

y,w
, ic a
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.

. .
,

;
ii %

!

l
.

,

a- ,

]

:, , ,

D j
n

:
.

1
;

b st = h / ( cp V p ) 1
'

<3,.

we_may rewrite the above formula as
84 -4

St Pr = .036 Re i

1 f 1 '!.
|-

; t,
we may'also verify that'

f,,

Nu = St.Pr.Re
.

.

J

i4

' so we|may write
,

D.036 Pe'' Pr t

*

st Pr Re =

. (b .
'

1 f 1 1 f-
a

= 036 Re# .Pr0 "P r * 2/3
-

,

.or Nu = St Pr Re '
'

1 1 1 1 1 1 1
.:-~

*' Pr -
5,

-

t
c. : f,< ,

. . .

L <jj 'For .T' = 800, Pr = . 736 and ' for T = 350, Pr . = .698.
.

<

' -

hvariesfrom'
' h: Pr' / Pr thus varies from' 1.054 to 1 and . (Pr /!:I f

1 f

1.036.'to 1 and so may safely be ignored.>-,

*
,'

.. Thus we have an expt'ession for heat transfer coefficient:** '

.
., .s yh = .046 k Re Pr ,(.

' ,

, o. . ~~~~

L '

zu,

l' b

.

. . ,

A ,

n.
Iged

/4 -,.f , -

._. .

. .
- _ . _ - . - . _ . - - _ .- ... .. . . -. .. .
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j~

,Thi? flame'volecity is sold to b3 in the range 5 . to 10 m/sec.. 1-

, '

Evaluating all the air properties at the flame bulk terperature' ' '

'of 800 C we have the following results.

)
'

L = .916;m
'

T = 800- C
.

I cp = 1.1562 kJ /Kg C note that we have kJ in cp
and W in k. This necessitates

p = .32473 kg / cu.m a factor of 1000 'in the
' , ' . definition of Pr. |

p = 4.5108E-5|Pa sec j
1

'

k = 7.0853E-2 W / m C- -|-

e.
Pr = .73613

V -= 5 ...... 10 m / see note that h is constant
throughout the fire phase

Re = 32971 ........ 65942 since constant flame
temperature T and velocityE

! h = 10.3495:...... 18.0157 V are assumed.

We should note that the formula is recommended by McAdams in

situations -where the Reynolds number is- in excess of about i
,

"

! 500000. This is a factor of 10 up on the actual values calculated
'but it is assumed that the fire conditions are' inherently ,

turbulent and that heat transfer coef ficients will be of. this *

,

| order of magnitude.1The uncertainties are such that there is no
point in using a spuriously precise formula and-the recommended'

value of 10 was adopted ( see A-628.20) .,

-
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4. Cooling down
.!

.
.

Paragraph A-628.21 offers a formula
'

Nu = .13 (Pr.Gr)b 1
'

This too may be derived from McAdams. On page 172 he considers l

the pr oduct of Grashof and Frandt1 numbers, and evaluating the i

fluid properties at the film temperature throughout suggests |

Nu = .59 ( Gr.Pr ) f or G r .Pr in 10* . 10'

Nu = .13 ( Gr.Pr )5 fot Gr.Pr in 10'. 10"~'

? ..where Gr = L' p' g B DT

P i

g = acceleration due to gravity ;

B = volumetric expansion coefficient
= 1/Tbk

Tbk = absolute bulk temperature of coolant i
| = 38 + 273 in this case iL! .

41 DT = temperature potential
~

| * Twall - Tbulk

Taking a couple of possible values during the transisnt
|

|.
Twall.= 562 ............... 262 L = .916 ;

,

l
' Tf ilm = 3 0 0 . . . . . . . . . . , . . . . 15 0 g = 9.801' '

; _

.0032154 ;
j p = .60808 ........ .823716 8 =

.

cp = 1.0452 ......... 1.0172

p = 2.9822E-5 .... 2.4113E-5

k = .044982 ....... .035257

.69291 ........ .69568: Pr c
.

524 ....,........ 224DT =
.

5.2768E9 ..... 6.3312E9Gr =

Pr.Gr = 3.6565E9 .... 4.40449E9

200.26 ......... 213.08Nu =

'9.83417 ........ 8.2015h =

| - 16 -
',

.

b ...~..~..n.---~..n. -.-....~-,w..~-.-...~.---..,. , - - - . . - . . .. .--w.
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"( - We note that Pr.Gr is in the range recommended by McAdams though

one might ask whether this flask corresponds to the "short"
surfaces for which the experimental data was correlated. We note' ,

A too that the heat transfer coefficients are of the expected size.

The RE model
...... .. ..

The following elements and cells were used in the construction of
the R5 model.

Elements |\1 = RE4N four noded axisymmetric isopatametric element J

M seliet steel deel. uran.ium, coper, tungslen, er antept!.aally *
-

i

M a teadvetsn,y N M ]
, , -

1\2 = R33N three noded axisymmetric element
sslid ss \1

';

\3 = RE25 two noded axisymmetric surface element
#

\4 = GAP 2R four noded axisymmetric gap element
3 *----* & ,

. , o

.

' f
-

'

li
'#

Cells .
\1 = El

i s
,

E 3 *

\2 = standard refining *

..! cell using E2 , t

\21 = \22 = \23 = -~
.

. .

|$
.
"s: "'| \12 = \13 = mi\11 =

iM s+- f' C S ,

a Y'

g, si'

I \14 = Mi at \15 = at
#1'

si , g v \ ;-'se enV 7,

e'. i. e \17 = 28 m? \18 = .r'.- p"'i :
a a'...x

\16 = * B7 iy| r =:r 6 e. s :
-

, - g e. ~- g=: a ,,
- a

. s ,

$b

)* \42 =\4 = E4 J ' i- \41 = ,

r n
,

. .

.

; O
- 17 -

.
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IA The cells .were arranged in the arrays 1 and.2 as shown on the
*out-of-scale- figures 4 and 103,

-nv' The' mater 161 propertius associated with the elements either
through a specification in the cell definition or one in the>

,

array definition are as follows,

materials 1

solid gap / surface

M1- steel helium gap ;

1

iM2 depleted uranium flask surface
-

l
,,

j M3 internal cavity surface .]
*

-

IM4 copper top and bottom surface'

- M6 helium at chamfer -

'
of base shield

, M7 tungsten -

,

The geometry produced the model shown in figure 5. The gaps are
far too small to bac seen, but subregion plots and numbers froms

the tabular listings of the data provide confirmation that the
- model is as defined.

L,J
:
,

I.

o

*
,.

D

,

>.

$

9

.
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Transport Container Test No. 1062
t

Test- Steady Stiste thermal test ,

5

Assembly . 4

Flask Design No. 3100A (G.A. Drg. No. On 23525) without pallet, transport
*

frame, jacket or drain plug. 9

%. 3

: Test
*"I

Thermocouples were attached around and inside the flank and to three of .

the Co 60 capsules used (see Appendix 1). The flask was then placed ir. .

a shielded cell where it remained for the duration of the test. The p' ' ' .

thermocouples were connected to a 30 point chart recorder obtained from ;

the AERE instrument loan pool. All the.thermocouples were calibrated at
ambient temperature before commencement and with the. exception of No. ;

2, after completion of the test. The drain hole was plugged from the !*

?inside of the cavity to prevent air circulation through the drain tube.
'

In addition a thin aluminium ring was placed around the top of the cavity
where it would be' sandwiched under the closure. This provided two

.
thermocouple points with which to measure the cavity wall temperature at ~;

the top (adjacent to the capsules being monitored).

U '6 The source holder was then loaded in three stages:- ,

| - a

t '

a) 28 capsules * were loaded,-27 into three evenly spaced groups.b' *
.

One group was on the inner tube ring and the 'other two on the outer ;'

.

ring. The centre top capsule in each group carried a thermocouple. ' , '

fy'. clamped to its top face under the head of a small screw. The closure
'was replaced and the flask lef t to stabilise.

)t
b b) A further 23 capsulas were loaded. The closure was replaced and the'

flask lef t to stabilise again.

c) A further 23 capsules were loaded bringing the total to 74, one short
of a full load. The closure was replaced and the flask lef t to_

-
-

stabilise again.-

' X 170 type espoules, each 2.360kCi Co60.'

Results~

,

a) In each cose the flask teroperatures reached 90% of their final values
within three hours. For the purposes of this test therefore
equilibrium has been assumed to have been reached after six hours.H

,

The. printouts from the chart recorder are shown in Appendix One.

|
|:

p

.c
-,L.i+- . , . , , . . _ , _ _ , . . . . . . . . _ _ _ _ , _ , . . . . . _ . , . - . . _ _ _ _ , _ _ _ . . . . . _ . , _ .. , _ , . . _ . _ . , , _ - . . . . , ,
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,l,
,

'[ ,

4'

f% .4
,

'

b) Flash surf ace temperatures varied widely. The coolest point was at
'

%

i t was at the :. the outer edge of the fins at the bottom. The hottest po n
mid height of the flask body. Graphs of the temperatures at various ,

!

points with increasing flask contents are shown in Appendix Two.
Note however that these figures should only be taken as indicative. ,

Air flow in the handling cell was restricted by docking at flask top
height which was necessary to prevent any capsules being dropped onto

,

,

the floor. ,
,

c) The temperature difference between the capsules and the adjacent cavity
wall with increasing flask contents is shown in Appendix Three. .

~

tihen the contents are extrapolated to 10Pbg of Co 60 this figure is
;=

,

- 350*C. ,
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Tc Test No. 1062_Appendix Cue ,

I

!-

f

.f Type K, glassfibre double insulated.
|

JThermocouples:1..
, ,

t 1

!\ '.
T I

2, Locations:
,

i ! .
,

Capsule
1 3

,

I Capsule
2 Capsule- '"

'3 Aluminium ring
4- Aluminium ring {.
5 Sody at top '

6 ' f
/

Fin tip at top
7 Dody at mid-height[ .

Fin tip at aid height8, '

J .
9 Body at bottom '

10 Fin tip at bottom
11 Fin tip at base centre|
12 Dody base at centrey 13 Dody maintenance test point

.
'

*' l

Drain tube at inside end
.

14 i
'

15 Lid at centre
16 Lid halfway out
17 Lid at edge

Ambient air temperature above cell docking| 4;
18

),
19 I

.
.

i.

'
. ,

I'

Results:
Flask loaded with 28 capsules * (2 45fDq Co60)

3.

a) Printout 1 (4.44Toq co60)
Flask loaded with 51 capsules.

s
I

t' b) Printout 2 (6.48T5q Co60)'I
Flask loaded with 74 capsules\ c) Printout 3

:

flask had been prewarmed.

.

* This printout was halted after two hours. The* *----wina 28 capsules for the previous 24 hrs and it on y
l needed to

...--..~,nt a.
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Cooling of packassa free IAEA -
Specified Insolation Deutlibrius |

;
t

i

1. Introduction ,

?

Notes by GardIntr (1), (2), addressed the insolation heating problem.' ,

he former omiculated an equilibrias situation, neglecting both diurnal >

+
'

variation and sinusoidal variation within the day, he latter con-
sidered only a single twelve hour sinusoidal heating cycle, the i,

requirements of paragraph 230a in the IAEA Reguistions (3) being ;

answered by the statement at paragraph 6(5) that ". . . ambient ten- |

perature is probably regained in all oases before the onset of the i

next insolation cycle (at 24 hours)'. his present meno investigates i

the cooling of packages in the period from 12 to 24 hours in the j
,

'*

oardner (2) report (effectively frces 1900h to 0600h). |

f

2. Analytical Saderound ;

The rate of heat loss, R, by a package to its surroundings is the sus [
of the rates of loss by convection, R,, and by radiauon, R . jg

I'

P***'' surfeos tasperature"c 4 (T - * *) "h*r* * *"
-

ambient tosperature ;T =
,,

free heat transfer coefficient
p N = i

c g,(T* Tc*) where| stefan - Boltasan constanter =R, =

5.67 x 10-12 J/s's K4=

6= surface emissivity
|

h (T - Tal + F $T* - Ta*) W/m'L thus R =

= surface area= RA Watts where Aand the power dissipated
of packap. j

4
l' Over a time period,t, the total heat lost is then
|..

initial heat content }= rat where N
| N - N, =

|
N, a residual heat content ,

P

1
N - ratso N = ,

g

| Re specific heat onpacity of the package is the sum of that for( -

1 the components, typically
:

me (lead pot) + me (insulation) + me (outer) :C =

mass of the oosponentwhere m =

average snacific heatc =
cannchv nf en=nonent

. _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . _ _ . _ _ _ - . _ _ _ _ _ . . . _ . _ , . . _ _ . _ , . . - _ . . _ , . _ - _ . . _ _ _ _ _ _ .
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;

. . {
;..
ia

thus the residual temperature above ambient is M, 'C. j'

3. Calculations |
,

|

3.1 p ovuotions Made j
'

(
1. Se initial temperature is the insolation equilibrium ;

temperature as calculated in (1): his any be regarded j
as an over estimatg. Calculations at (2) give
et no more than 70 C, and typically about 50-60, temperatures ]

;

C.

2. No allowance has been made for thermal 1ag due to insulation - )
*

.

withhthe package. j
,

3. Por curve 1 in figure 1 below, an ambient temperature of '!
St*C was assumed, no h vs T curve in Ref. (1) is then j

tq1y relevant, but the cooling curve can only approach the |
38 C line asymptotically and it can never be shown that the
pedage will regain the specified ambient before the next ;

insolgtioncycle. Por curves 2 and 3 an ambient temperature !
of 34 C was assumed as an arbitrary hot night temperature. ;

he h/T curve is then assumed to gaintain the same form with j

the temperature see.le moved by 14 c. t

4 Ime to the rapid variation of 4 with temperature, especially [
as ambient temperatne is approached, an incremental calcu- j

ation is necessary. Increments of 1000 seconds, giving ;

temperature drops of the order of 1,C, were used here. !i

!!

3.2 Data Assumed !
,

f
''

specific seat capacity steel 420 J/kg*C *
3

Imad 126 J/kg C |'

2040 J/kg'*C !*' Cork .

Vermiculite Concrete 1300 J/kg c :

1 i
t

Minimum surface an'.ssivity White Paint 0.85
Galvanised steel 0.20

,

Typical Middle Weight Padage (06668) $
i

Road Pot 41 kg ?

steel Drua 5.1 kg j,

Cork 4.9 kg i
,

*

surface Area 0.g6m' -

Mean Initial Temperature 87 C !
l, Outer surface galvanised :

Typical Neavy Canister Package (1936A)
2

Inner Pot 2050 kg (assumed
all lead) |

steel of Canistar 655 kg (approximate ,

Vermiculite concrete 75 kg (approximate
f

\ surface Area 3.g5 m'
'

iMean Initial 'maperature 84 C
Outer surface painted white

t

.9 .

. - . - - - . - - , - - . - - . - - - . , _ _ . . - - - - - - . _ - _ . . . . _ . _ - - . . . , - - . _ _ . - - . - . . - . _ _ _ _ _ _ . , _ _ _ _ - _ _ _ _



F
.- - - -- .-_- - - -. - - _ -.

!*

4 *

.

.

.

O *

(

9. _ ._;- - -- ~;- - . 7 , . . .

...t.. |
;;.

-

. , ,

..,

s. u ;.

9 .{.. .. .. .... . . . . o .. . , . . . . . .... .. . . . . .....p.
| | J

.
. . . . . <

..'.1'
. '' 11

I !I .
,

.. _ . . . . .. _. --_
. , I

,

g .... .. .. .. . . . . ... .. ... . . .
n

1 ; t y . . . . ...l - .,

. .- i.. ...|...
. . . . - ta. . .. 9(. . ..O. .{ . . ,1.. .

_ ,_. .,

. . .. . ..

| ig ... .< ..

. . | . .. . . . .
..

g ..y. . .. ;..
. [... .. .

, .. . . .
. . . . . . _ . ._ .q.. . . . . .,_.

.!
,

.

.. . t . . . , . ., ..., . . , . . , . .:.. . .. . . c ...
.. . _..

... . . . ..

- ;; , + e i

.! .. .. ___ __...y, ..; _... . .. . . . . . . . . . ._ . . . ._

-
(

.. . . { , .. .
.:.|. 4 . .! d. ..

.

. .i .i .
.. ..a.. r.

, p i.
,

.a. . a
i " '

. . . . . .. , . . ... .. . .. . ... .. . . .

._ . . . . _.i.. . . . . .. ._ _ _. %ggd. L. i
'. . . . . . . .

{g
' *

_..

t. * I,|.

..p. .L. .. i . .

. . .

.

_ . . | . ..
.; . . , . . ,..._. . . +. .. . . .. 4 . . ..

v . gy_ p . (, .7 ,_- _:- .. . i. ; i

. ...._
.c . a... . ,

-
'

. .< .

_.
_ . . . .y _. .... _. . _ . .

.

.

.i ..| . .
... . . . ...

. .. ...

. .
.: L, . ....:.. .t

3 .- . . , . .... .

.

,:.
. .

... _. .; . .. a:.,

. .

. . . .

. _. .. -. _ . .: .. . .

, .; .
,

..;. . :.

.-.. .

|:.) .j.., *

..| .
.J .;. +.a. .._ . .<

. . . . ____ _.y, . . . . . ..
i,

: .
4 -

... .,.
*

, w e.

. . {. , . . . .t. .j. .' .1. . . . . h,y, ..j, .*. . .e .' .I.'. . . j ,, , . ..? _I . . G. . . . . t*. * l
. . . . . . . . ..y ... . , . . , ,. 1 9FF M yD 1. -. , .

.
..

.4. .'.-..
.. m M .

,

_'_-
. f{ j

.. 1. . ..p . . .

4. ' . ,
. . . . . . .

~ J .P.
.

Ap ..
* .

d.. ?.'44e# / '
.

l

. - . . ., ..;.. i._ . ... _.gg. i
,. j. . . . .

!J
..

a SoI w j/|cN4 -

$$. .'. .$(,$ 7..%ti. .. .. .' M g.
med

. l ..J ...
. . . L.

' .- Jt- I-.

. ..

_!
* gsq ,.

]... . 4 ...
*

y .( . , . . .- _ _.. . ...
. . .

. . .

I .' h , .. hj .,..i. d.e) .' f,h . !
I

' . ' . ., } ..I .j
* * .

. . ... ....;. : . . . . .. . <
1, . , - ; I~

. d. 6. .
.

I
.

. ..

.. I ... '

...
-

. ..

4 4. . 4 ,;: .4 p. .. . . . . .
*: . . ' . .. .. . ._ . . . .

* *
1 | . * :

.' . t
:

...., .y . . .. ' . , .: ....p .
, i .

L .. . . . . . .
,

. , . . .. .. .. . ... . .

p. 9 ...
:... .;.] .

.. . . . . . . , . i.
|

. ..
4 ; ;.

_.
. _ . . .

s .. . . . . < :.. ...
g . , . . . . , - , q.,,,

.g
. - .

. . ~. . . . . . . . . .... . . . . . . . | - .. , . .t- . .
.

[. . l .~. . ,

. . ' .. .J .
- . ... . . . . . . . . . .

., ... .
.. .. I t* . .

;3. . i || -. ..i
!.0 . ". .. . . . . .. .. ...... .

q j | I
|

.- |' .
*a ..!. ,< .J .; .. .. .. .

. < .I. ..g... I- i
. . .

...e . '
| . - . s

.,i a. . . [h, j ;. ,.. .. _
... .- .-..

.| . . .. %,. .. .
. .. . .. J;;. .i .'. .a,.

. . .. . .. . . . . . . .... . ,. . .

. |
.

8

3. . . ... . 4 . _. . . . . . ..9...
.. r..

i. t...ta,' :. . . -,| 4 .

h '
3 I f !' t-*

.' : 1 ' 1 . -. . . . . ....;... .. . .J... . . , . .go _ .
.. . .

-
,

- . .. . . .

{' '. $ .' . . ~ . .
g .

' t

. . . .. .. . . . .' I '.. .. . . ..
. ....T.. ..'4.. ...'.l... '

. . .
; p. . . . . ,

. - . . . . . .. g.

'. ' . ' |. ]: .I, { ,..
.}

. J . .'
.* -

_ __;. _'
'

. :
-

p. . .. _ ' . ..-

::*.
(l. . , . . ' .

,

. i. ..
,

.

c
. _ ' . ..4.. . , . . . . . . .
, , . . _ _ . . _ ,

. * .

!. .

.. .. .. . .; ... .;.. ;.: . '! .. |..
... .. .

[ 'i .r

. . . .*'

.!- j .4...- I..* . . . .( -.d.: .-
' I

f _. t .'.: . ._' ..t. f. . . . _. . _ . . . . . . . .

$. ..! .0 .g.. g.
,_ l h .

. [a. a.} . . i. . . .. . . = . . .

. . .. 4.. .
- -

. ( i
.- $.t w= .

:a .:. m .e.
.t.. go .. .! . .|

- ... . ...

_. | |
. 5. ..

.. ; .. ;go ..1.. .. . ;.
....t._ .p . ._

... .. . . . . . . . . .. . __ __. . . . . . ._

;. .. g . ..
h.g. .

: . . .. 4
. . . . . ;. .. :. t.t. . . .j . . 4-

..| :. , , ;.1..
.,.. ..-

e
' ': 4 .=

*L,. .a ;. ... . . . . . .

. ..{' . ... *. ..g
.

. .. . . . . . . .

-
-

. i

.

.. 4
-

. , . . . . .
'

.

..
.

.. . 9 -
'

-

i:
J .. ...i... ..i . . . . y

,

. .. .. .. ..

. I. .
.. :.;. ... -

j J . .p; . I . .. . f .. . : ....
..p.

7
-

| g,
.: . ,

. a .
.g ... .. <

...|.. : .,
-

p
.

.
.

a .. . . ..
.. . . . . .. . a..:; {. .

.

. . . . . , ..
:_

. . . . .
.

|
. . . . ._ -.. _ _.,. ._ __ _ . . . .

,

.l..
.

sy q... . . . . . .. _, ,. ...___. . . . , . .

.:
, '

u. . .. 2.. ... .. .. .. . . ..,
.

. ._.... ..
. . , ... g..

| ,q .
.. . .; . ., . L .. i . . . .

.[. ,
. .. . . _-

J .L .n- .:...

j ..
.. .. , s.. . .

.
. .. . . . . . . ..

. ;.i . ,
; g.. .

[ 4.. 7
.j .

_ . '. L. ,

, i I. I -

. . , . . . . . , . . ... i ;
. .. . . . _ .. _- .. . . . . .

. . . . . .. = _._
.

:..
.

. . . . l. . . . . . . . L. . . .

.i
~

. n/.|. tk.' . j. . .-.......8.|.....
'..

.i . .s .. .. . . . . . . .. . ... .
. . .

- -|
. . , , , . ' - . , i.i i

q .. . .i . ., . .

wi } ..i:.. . .| . ;i.
-

... ..~ .

4
.

.;
I

| l' |

.. . J .- .. '.. .. j. .
. ..

.; ,

; . .
'

| !' | j.
... .

| *
gg

. . .

O

_ _ _._ _ ___ __. _ ______ - _ _ __. _ . _ _ .. _- _ . _ . . _ _ _ _ ~ . .



_

,.. ,s
I+s

j'
,

i
it i

ii

!
I

i

l

I,
1
)

i
i

.. |
i
j..

!

!
.,

i

i

t

3.6.5 Engineering Packaging Memo (EPM) 7g

,

,
b

s
I
v

|
L

i
!

. . ,

!
,

I
i
t
f

|

t

i
i,,

'!

I
t

i,'

3.6.5 .

+

|

)

. _ _ - . . . .._. . , , . . . _ _ _ _ _ _ . _ _ _ . . . . . _ . _ . . . _ . _ _ _ . . . _ _ _ . . _ _ _ _ _ . _ . _ , _ _ . _ . , , _ _ . . _ . . _ _ _ _ _ _ _ _ _ _ . _ - . _ _ _ _ _ . _ _ _ . .- _



,

*

t
.

fhlERSHAM 3WTERNAT2caiAL*

..
I

EMGINEEnrNG.

*

PANAGING MD00 EPN 79
{
,

:
'

WUCLEAR DEckY POWER DISSIPATION (SELF EEATINg,,

i
!

1. Introdoction ,

O When radiation is emitted by a decaying nucleus a certtdn amount of [
energy is transmitted into the sarrounding material. When this ;

onergy is absorbed in the material it will appear as heat - this
heating will take place within the bulk of the decaying material as ,

well as in surrounding material (such as chielding). Se maximus i

heating will occur when all the radiation is absorbeds in practice, |

in assemblies when nuclear heating is of significance, more than 994 i

of the radiation is absorbed in the necessary biological shielding and |
the effective heating rate is at the maximum. ;

I

2. Reory
'

| De total energy emitted by a deceying radioactive isotope is given
by the predoet of the radiation energy and the probability of emission ;'

i '

O. of that radiation. In the cases of alpha, gamma and internal transition
decays, the relevant energy is staply the decay energy. In beta decays
the decay energy is distributed between the emitted charged particle i

(beta or positron) and the associated antineutrino or neutrino respect- !
g

ively. His takes the form of a stat.8stical distribution, giving a [
, *

continuous beta energy distribution (oceplementary to the antineutrino |i

,
energy elistribution) from sero energy up to a maximum, endpoint, energy. !4

l As a result of its extremely low interaction with matter, the neutrino i*

carries all its energy away leaving none in the material and so having i
no heating effect. ne only heating is free the absorption of the beta i1.
particle and the energy deposited is a complex mean value. his mean1

j is typically about 0.3 of the en@oint energy, up to a value of about i

1.5 Nov. Actual values are tabulated in Ref. 1. ;|

;
i

For a given radiation and energy the heating rate is given by i

l

decay energy in MeVMp MeV/ disintegration where Eo M = =
>

probability of that decayp = s

10Ep x 3.7 x 10 MeV/ci s
'

=

1.602 x 10'IIJnow lov -=

I6.242 x 10 MeV/sso 1 watt (= 13/s) =

10 !*p x 3.7 n 10 W/Cit then H =

6.242 x 1082 ,

5.93 Ep mW/Ci=

-1- ,

.. - - - - - _ - . - - . _ - _ - - _ _ . - . - _ _ _ - . - - ._. _ . . -- _ _ .
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,

.-

j.

J

Se total self heating reta, or power dissipation (P), far cn |
,.

. . -
1sotope is thus |

i

kN
*

I P =
n

1

(EP,mW/ci |5.93
|

=

!

!
!
-

3. Conclusions
f

The above theory and worked examples. (Appendix) confirm most pre- )
~

viously published data (e.g. Noworth IPU Tech. Memo 76/27) within {
>narrow limits.-
'

,c An error in the previously accepted figure for Iridium-192 has j

been found - this should now read 5.69mwatts/ci (instead of :

3. SnW/Ci) . . , _

4. Re ference
)

D C Mocher. ;Radioactive decay data teblos -

Technical Information conter of US. ,

(

Department of Energy (paper ICE / TIC - 11026) . |

!
,
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, y
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8 T Winfield ;
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0 AMERSHAM 1HTERNATIONAL*

' - EWGINEER1_NG,

PACKAGING MEMO EPM SS Devia1on 1,
,

Equilibrium surface temperature of packases subject to insolation,

1. Summary

A theoretical analysis of solar heating of packages in equilibrium, eerived from
basic physical laws, is presented. Typical values are given and one osample
is shown worked in full. A tabulation of the predicted surf ace temperatures
for a range of Amersham's packages is given. The maniansa mean equilibrium -

~

' surf ace temperature is predicted to be 73'C the naminum equilibrium surface !

Ianw
temperature is predicted to be 109'C.

!

2. Introduction |
rw ,

sariter notes on this subject written at Amersham (1,3) are now seen to be! .

}
1

j unsatisf actory in three respects:
i

1) A specific case of internally generated heat flux is considered. f
i

11) The verbal approach used leads to a lack of clarity in tha argument. |
;
'

iii) The insolation values used are about 34 lower than are to be specified i

in (4).
j

f

(' The present note takes two of the basic laws of heat transfer (Newton's Law of
Cooling and stef an-Boltman's and. Kirchof f's Law of Radiation) and sums than to

i

give a general solution, to which is added an internally generated surf ace heat
1

.

} flux. Typical values of the relevant parameters are tabulated and finally some{ typical values are omiculated for a range of Amersham's Type 3 package imiters. ;
'

, ,

*
;

b' ;

3 Theory i
,

,

* .
1

[,1[ En free standing conditions, heat loss will be by two modes, convection and f
radiation, only.

,' '

,

i

y.jm wowton's law of cooling for heat lose by convection in still air gives'
;

a

q, A h (7,- 7,) (e.g. ref (3), og 1.14) {=
i
i

heat loss (watts) iwhere q =
_

'*~
2hot sarfano area (m 3 ,

A =*
L

2free convection heat transfer coefficient (W/m g)~

h =

>

T, temperature of the hot surface at equilibrium= ,

>

T, ambient temperature in the shade.=

,

1 I

1 j'

- . . - . - . _ _ _ _ _ _ - . _ _ - _ . _ . .__ _ . _ _ . _ _ _ _ _ . . . _ _ _ _ _ _ . . _ . _ _ . _ _ _ _ - _ _ _
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-

i
'

m-dictive cooling is defin3d by ststanC21cman and Kirch3f f ce j-

:

= oat (T -T) (e.g. ref (3), og 13 1)g,

j.te,.n.s const.n,w ere . =

emissitivity of the surf ace ;
e =

i

!

In the case of a package standing on the ground, upper horisontal surfaces will |
radiate freely to the sky, assumed to be at an ef fective temperature of 7 . !

No heat will be pained or lost by radiation or convection at the packaps ,basep |

if the surf ace is a poor thermal conductor, it may also be assumed that hgat |
*

*"'

transfer by conduction is negligable. For a vertical surface, the upper 90' of I**
!asimuth een radiate freely to the sky in the same way as the upper surfaces.

mediation emitted in the lower 90' will be intercepted by the ground which is |

also being heated by the incident insolation. If the thermai characteristics of |
the ground are similar to those of the package, then the ground temperature will ;,

be similar to that of the package and no significant transfer will occur. To ,

allow for this asymetrical characteristic a geometrical factor y, is introduced ie

which halves the effective vertical cooling surface. ;
t

ch y (T,4t -T)=gf
I

i

' The total hett loss, 9, is then ,

i= .. ,e ,,
.

= Ah (T, - T,) + o A s g (r| - T[) f
i

[ :

i
.

,

i s

!
' The insolation heating rete is specified in reference 4 (IAr.A safety series 6): :! I *

in oguilibrium conditions the absorbed fraction of tAls balances the total heat ,

!
t

j dissipated.
,

9i.e. e IA =

absorptivity coefficient'

where e =

2insolation heating rate (w/m 31 =

* "* + .. , (rs v) .n (7,- T,)eI = a
;

,

-2-
.

.. __ . _ _ . _ . _ _ _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ . _ _ _
_



;{
- -- . .. _ . - . - . . . .

f
,

|*
.

..\ j
,

'

di ~
I

4. n. offeet of saternal heatin. -)
,il )

( In the special osee of pockeyes carrying radioactive materials, nuclear escay I

('
heating een genbrate an eeditional hast flum, g,, to be dissipated by the |

't the not flum at, above. ;surface. This flow is additionalt s

l
'
,

thus
g,+e1=h(7,-7.)+onp17,-?j) j

,

:-

!This additional facter oavses a negligible extra rise in tosperature, as shown
in the tabulattan (6) below. ]"

{
|

5. Typical or standard values j
esse - ,

I
1 ,= 800 W/m2 (upper flat horisontal surfaces) (4) .

400 W/m2-(curved surfaces) (4) |! =, , , ,

200 W/m3 (flat vertical surfaces) (4)1 =
i

(These values for 2 are those in (4). They are about 3.3% higher than those in
the 1973 BJition of the IAEA neyulations). ;

!

f,
t. ,

|
Temperature h Tongerature h Tesysrature h [

K W/m g g yf,2g g gf,2K (5) -'2'

f

r.

;

311 00 333 3.6 357 5.0 |s

313 13 337 3.9 361 52 !
'

j 317 22 341 4.2 365 5.3
321 2.6 345 45 369 5.4 .i. , ,

. '* |
325 30 349 46 373 5.5 i

"
*

f. 329 34 353 48 377 5.6 [* .,
,,

... . .
:

y.
7..

|:-

}'
(These values of h are interpreted from Fig.1 (2). hey are not the data |

points for that curve.) ,

!
...

311K (4) !39'cT = =
a

5.67 x 10*8 W/m g ggg g.n s constant) f2 48 =e
1 (upper flat horisontal surfaces) f

*
'

9 =

0.5 (Vertical surfaces)* =g

{

l |

| !
: !
;. t
,

,
~3-'

i

'

<

*

_ _ _ . . _ _ _ , _ _ . _ _ - _ _ _ _. _..,. _ . .,_.._ _ ._._ _ ~_. ._ _ ..._._.__.m._. - . , , _ , - . . . . .
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! !

.

Enynissivity Ab rptivity.e (6) |*

4

|0 650.30 0 40 -0.20calvanisee , steel i
-'

!O 0.50- |0 95 0 30 -

White Paint 0.85 -

0 00 |0.95 0 65 -

Dark Paint 0 85 -
t

0.50 |0 60 0 30 -

tright Aluminium 0.40 -

|
>

.-

6. Typteal Caleviation (in full)
|Consider typical large rectanguier package of overall timensions 2.3 x 2 1
!m 2.0 m (high) (Design Number 1512) painted all white with negligible nuclear ,

,
_ heat load.
asw f

y

For vertical surf aces L

4 *+
+ so g (T -T)h (7,= 7,)a1 =

. . . ,

; where T, temperature of the insolated vertical surf aces. |=

[Inserting the standard values from 4 above,and using the more possimistic values
3, for e and s (i.e. minimum s, maximum e) gives:

,

5 67 x 10** x 0 85 x 0.5 (74 - 311 ) f
4

| 0.5 x 200 = h (7, - 311 ) +

2.41 x 10*8 (Tf - 9.35 x 10')
>

h h (7 ,- 311) +or 100 =

I

This equation is solved by iteration as follows:
329K (56'C) h = 3.4 W/m g gg , gg, yf,2 (too high) |2

Try 7, a

327K (54'C) h = 3 2 W/m K Ms = 101 W/m2 (very near) f2,

'i '' Try T, =
j326K (53'C) h = 3 1 W/m g gg, ,3 yf,2 gg,, g,,32 ,

i Try T, =

[
S.o best estimate for the vertical surf ace temperature in an ambient of 36'c is $4'c

'
"

f.
9

,

h i
*D Similarly, the temperature of the wper surf ace T ' **" b I**"8 I''''

-

h
t

es t (Tf - T )h (Th - T,) +e1 =

t Inserting standard values from 4 above, and using the more pessimistic valuesL ;

for e and s, gives ,

4
5 67 x 10*8 x 0 85 x 1 (74 - 311 )

|. 0.5 x 800 = h (Th - 311) +

.. 2 x e (T; - . 35 x ,0 ) .h (7, - 2 n ) .. o, .00 =

|
Again solving this equation by iteration'

337K (64'C) h = 3.9 W/m K Ms = 272 W/m2 (such too low)2
Try Th =

345K (72'C) h = 4.5 W/m g gg , 3,$ yf,2 gga, 3,,32

f
Try T =

h
346K (73'C) h = 4.5 W/m g y , , 3,7 gj ,2 g3,,g go,3,,3t

l Try T =
Ih

2 2
347K (74 C) h = 4.5 N/m K Ms = 410 W/m K (too high)

Try T =
h

/;
~ so the best estimate for the horisontal upper surf ace temperature in an ambient

of 38'c is 73*C.
;

e

4

|

-_ _ - _ _ _ _ . _. _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ , _ _ _ . _ _ _ _ _ _ . _ _ . -
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.

The equilibrium temperatures of the fise suposed surf aces in an mbient*
,

of 30'C are then:
G 2h Plat top 73'C 4.s m

Sides $4'c 17.6 m2

!
2

Mean Value 58'C 22.4 m gg,g g3
:

7. Other Results
(

package Finish Temperatures 'C !
'

~

Outer Upper Surf ace sides Mean |**

2 2 2 2 2 |
DW/m g$yj,2 39,f,2 OW/m 15W/m 30W/m pyj ,2 gggj,2 30W/m

r. ,,' i

r; i

1350 can Tinplate 95 25 98 71 73 75 73 75 77l

0918 Drum White 73 74 75 65 67 68 66 68 69

0666 Drum Galvanised 106 108 109 83 55 06 87 89 90 i

i
.

*

0934 Drum Galvanised 106 100 109 03 85 06 88 90 91

1939 Drum Galvanised 106 108 109 53 85 86 CG $8 09 |

2
|

3206 geg stainless 79 W/A N/A 65 N/A N/A 75 N/A N/A

3 White 73 74 75 65 67 6s 66 68 691933 Canister

1934 Canister White 73 74 75 65 67 6e 66 68 693 *
,

"! ,

.

3 1935 Canister White 73 74 75 65 61 6e 66 68 69 -

3

t ,

3 White 73 74 75 65 67 43 66 68 69 f
b .I 936 CanisterL

,I! 'f ' :

1512 Crate White 73 74 75 54 56 57 58 60 61
-

t
' t

b'

,

'

:
i

Notest ;
.

!as 1. Absorptivity and emissivity assumed to be the same as bright aluminium. ,
,

2. Absorptivity and emissivity assumed to be the same as galvanised.
L

i3. All canisters neglect the of feet of shackle plates as cooling / heating
fins - the geometery is assumed to be a plain vertical cylinder.

|
,

| 5

!

|.
'

_ . __ _ _ _ _ . _ _ _ _ - . _ . . . _ _ . . _ . . _ . _ - _ _ _ . _ _ . . _ _ _ - - _ . _ _ _ . _ _ _ _ _ _ _ _ . _ . - . . .
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e. meterences
. t
'

I
' IPU Mch Nowo 17/12 - Solar heating of transport packages -1.

P R Gardner. 1977.

2, 3PO Mch Memo 77/14 - Solar heating of transport packages taking ,

into account radiative dissipation - P R Gardner,1977.
I

3. Most Tranrfer (Third edition) - A J Chapman, Macmillan,1974.

4. Proposed Regulations for the Safe Transpost of Radioactive
Materials -1985 Edition - International Atomic Energy Agency .

] Safety Series 6.
|

5. An introduction to heat transfer principles and osiculations - ,

A J Ede,1967 (via ref. 2 above). {
'

,,

6. Heating, ventillating and Air conditioning guide - American i

Society of Notting and Vent 111 sting Engineering (via Mitchells [

Suilding Construction (Materials) - A Sverett). j
!

7. 370 Tech Memo 78/20-Calculation of temperature rise in erwn type
<

containers as a result of insolation - P R oardner,1970. |
!
t

i
!

;

i
. .,

11

r. -
.

.

+ 1" S'T winfield
|,

Engineering *

'7
h 18 October 1984

).MY_ ,-4 $,

dE** Jig W {
c

e.o
i

li d a L-- M F4 .

!>

1

$Delete shaded sides from calculation of mean temperatures* Devision 1 -

on page 5- ,

h'

s T Winfield (
.

19 March 1987,

|

:
,

O
)-6-

i

r
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i. p. Additional Werk
,

The majority of peckages ured by Amersham are not ' temperature sensitive' in-

(" making a case for them to be approved by the Department of Transport as
'N Type 3(o) or for shipment under Special Arrangement. Some special purpose )

pockeges, such es those designed to carry sisinificant heat loads or to carry -

11guids, are critically dependent on proving minimal heating from external
factors. These factors are ambient temperature, the thermal test and
insolation.

I

The ambient temperature is specified in (4) as 38'C (except in special cases). j
Experimental data exists for many typteal designs in the thermal test. No

experimental work has been carried out on insolation. Three Amersham memos
have been written on the subject. of insolation two ((1) and (2)) are superceded .

,

!by this memo and one (7) reports a computer os1culation on an idealised""

* situation. All inevitably make assumptions in relation to the geometry of the ,

package and in the variation of the insolation rate wer a 24 hour period. (1), !

h (2) and this note assume equilibrium conditions of averays insolation :

t,, over an infinite time - a totally impractical situation, but one j

which enables straightforward calculation. (7) assumes a stepped, but generally !.
;j, 'sinoboidal variation over a 12 hour period - this is a big advance over the'

!equilibrium situation but many of the geometrical approximations continue.

Three organisations within the UK are believed to have racilities capable of j
i

reproducing the insolatice specified in (4).
'

'

f
i

I Military Vehicles Engineering Establishment, chobham, Surrey,
. i British Aerospace, Stevenage

University of South Wales, Cardiff (prof. Brinkworth).

It is proposed to approach those organisations to determine availability,
capability (insolation and mechanical handling) and costs. On the basis of t.he i

responses received a possible experimental programme will be considered in !<

relation to the oosts and benefits that may result. |. ,

?, {
.

;.. .

j.[ I .' *

i

;;>
.

.1

l' s T Winfield i
-

,' | Engineering ;

si it October 1984 ;
;

'

uw ;
.

;w Mr M4 .
.

,

r
! t

-

i

|
'

i

.

.7
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4.0 Guia.i. fatal

4.1 ge tainment Roundarv

.( 4.1.1 Containment

The primary containment system for the 3100A container is the special
fem capsule. This capsule is certified as special form radioactive
material in IAEA Certificate of Competent Authority number 68/343/S. ;

4.1.2 containment penetrations
I i

There are no penetrations of this containment. |,,

)4.1,3 seals and Welds
t

'

The containment capsule is seal welded by Tungsten inert gas process |

according to IAEA special fem requirements. |
1

|4.1.4 Closure

Not Applicable.

4.2 Renuirements for Womal Conditions of Transoort

4.2.1 containment of Radioactive Material
fAny source transported in this container will have satisfied the

stringent requirements for special fem radioactive material as

".
delineated in IAEA, Safety Series Number 6 and 10 CFR 71.77. Therefore, ,

there will be ne release of radioactive material under nomal conditions !

N of transport. {
i

4.2.2 pressurization of the Containment Vessel i

As the sources that will be transported are tested to ANSI Standard N542 f
: (1977), and have achieved a rating of C64426, they will successfully j

.
.

withstand pressures of at least 290 psi. Even during the most extreme i

hypothetical thermal accident conditions, the pressure exerted would not |
approach 290 psi. Therefore, the containment vessel will withstand the :

pressure variations of nomal tr*.nsport. ;

4.2.3 Containment Criterion ;

!

The sources that will be transported in the container are subjected to !

the following tests after welding: |

1) Dry wipe test with a $ nC1 maximum pemissible contamination |
limit. |

2) Helium leak test. |

,

h

4-1 ,

I

'O [
,

;
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4.3 tentainment tenuirements for Hvoethetical Accident Conditions )
!

4.3,1.Fittion hat Products J
'

Not Applicable

4.3.2 gegiginnent of Radioactive Material j
i

The hypothetical accident conditions of 10 CFR 71.73 will result in no |
loss of package containment (see sections 2.7 and 3.5). t

1

4.4 Soecial Reauirements !

Not Applicable. |
4.5 Annendix |

'

!

4.5.1 Safety 1: valuation of Noc el CKC.LSA Sealed source :

(submit ;ed to Illinois l'epartment of Nuclear Safety 3/28/69)
:
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4.5.) Safety Evaluation of Model CKC.LSA Sealed Source I
!

.
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|
$,'' safety Evaluation of Model CKC.LSA |

'

,,

i
'

March 28, 1989 ,

Salt .

'

I

I

Amersham InternationalManufacturer
Amersham Platt

i

little Chalfont, Bucks ;

England HP7 9NA |;
''

,,

[,

!

Amersham Corporation !.Distributor
2636 South Clearbrook Drive |.

Arlington Heights, IL 60005 |
i ;

-

Sealed source Tvoe High Energy Photon Source
i

I< m
CKC.LSA .

Bedal

Co-6013giggt i,

!
,

20 kcl :Marinum Activity
'
:

' Dry' irradiation plants: 6 monthsLeak Test Freauency
' Wet * irradiation plants: {
continuous (on-line monitoring of
water purification system) ;

! :

Gamma ray processing in industrial j.

fy,incinal use
' dry' and ' wet' irradiation f
plants. Principal use codes J K.

.

L and M (USNRC Regulatory Guide
t

10.11 June 1987). .

*
,

b

s :
'

:
-1- :

| *
,

'
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. Descriation |
L

hel CKC.LSA consists of a 316L stainless steel outer X2089' capsule ;

containin9 either two 316L stainless steel X9049 inner capsules or two AISI*

321 stainless steel X9049/1 inner capsules. Oketches of these three capsule |
f

desig'ns are shown imediately below: |,

c

an.s |

ImX.

T1A Tta ,

ma esta j

// i.#,

--.f~.---.. j'

- .. ... .

|
-

, v

f
t

4

!
.

.

i

t*
*

,4 '

.

]LID BODY X9049 LID.

or !'

X9049/1

1 1

.- X2089 capsule .!
'

! (dimensions in m) |

'.
*

.

. . . . > ;.
.

ALI. ( !.

;.

*
,

prun.r.a. v.r.a. 9 |v
s saa '. ,

'

:-
,,

i --//----- +.- iLi !---
, ,,

.c , .,

.
.

1
,

i*

t

!l
.

!
.

LID COBALT METAL BODY LID .

1

( CYLINDERS

X9049 capsule
:
'

(dimensions in m)-2
. . . . ,

..

f
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*
iN4X.

T.I.s. , ,' ,-

\ ,,
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. _

T !
''

!

f ;-

us- . u,
1

I \-

- ,

i
;

g-

,
-

BODY CODALT METAL DISCS

(^) ;
. .

X9049/1 capsule j|
!(dimensions in m) !.

.

|.

t
-

The X9049 active capsule is produced by loading a quantity of two naturally }
.

|
occurring, inactive Co-59 'right' cylinders into.the capsule body and T.I.G.
welding lids into the ends. The X9049 is then placed in a reactor where f

neutron irradiation produces Co-60. The minimum wall thickness of the X9049 .|

.fbody is 0.475 mm.
i
t

The X9049/1 active capsule is produced by loading a quantity of Co-60 discs
|

'

The minimum wall
| into the capsule body and T.I.G. welding lids into the end.

[.

thickness of the X9049/1 body is 0.32 m.
f

|

|
'

:
.

O
:
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-Model CKC.LSA is now produced by inserting two as-irradiated X9049's or two'

9049/1's into an K7009 body, which has already had one lid welded into

'h_R The final lid is then inserted into the X2009 body and welded to*

ace.
* achieve closure. The minimum well thickness of the X2009 body is 0.63 am.

j
$

)
.

|

)The Model CKC.LSA will be shipped in an approved Type 8(U) transport container.
I

'

!

Protetwee Testina 1

.

!-

The E2009 capsule has been tested in accordance with the requirements of
>

,

ANSI W542 (1977) and has achieved a rating of C64426. This rating is
.

. exhibited in OCs 685, issue 1, which is enclosed.
|

7

The X2009 capsuls has also been Special Form tested and both the Special Form |~

|Certificate of Approval, G8/343/S, issue 1, and OCS 678, issue 3, are
' enclosed. The diagram of capsule K2089 on page & of this submission is the f

j
same as drawing 3A61844 referenced on the two OCs certificates,

i

.

;

I

L v tanditions of Use {
l t

:
..

The model'CKC.LSA source will be used primarily in an industrial environment ;

}
fcr ganna ray processing in wet irradiation plants. 'However, it may also be

- |!esed in dry irradiation plants. !
'

;.

.!-

External Radiation Levels
!

Co-60 is a high energy photon emitter. Samma energies at 1.173 MeV and }
!

1.332 MeV result in a Specific Gamma Ray Constant of 1.3 R/hr/Ci at 1 meter. !

I
i-

i
i

!-

!

(O
.

;.

4--

.

. . . . .
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-
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1
'.

Consequently, the following maximum external radiation expowre rates can be 1'

J

TMapetted f rom the CKC.LSA contair.19g 15 kCi Co40: :

W) !:

Dist&hce [Eneture Rate'*

6 I
5 cm 1.0 x 10 R/hr

,f52.17 x 10 R/hr'

30 cm -

i
.

100 cm 19.500 R/hr
6

-

!
t

!

Labe111no ;

I.
The X2009 is permanently engraved with the following information:

,

!
,

1) trefoil I

i
.

2) Co-60
\i3)' Unique Serial Number :

* ,

4) AI
:
I
;In addition, the X9049 is engraved with a uniqua serial number and the X9049/1

s engraved with a unique serial number and the year of manufacture. f
!
!
'

..

Documentation
!

*
-

. .

Each CKC.LSA will be accompanied by a test report documenting the leak test |

and contamination test results as well as the radiation emission measurement
'

results. ,

!
!

$

j

*
j

'

!
!

i-

.

O -

.

.
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,

,

i: .L.,
""'11tv Assurante and Centrol

|

|
|

,.

! bhl'1 meterials used in the fabrication of the iriner and outer capsules are
/

checked against suppliers specification prior to use in manuf acture. )a
,

1

|kner sources (.X9049 and 19049/1).are subjected to the following tests af ter I!-
|

-

welding 1
. ,

r

!
1) Measurement of exposure rate in a re-entrant ion chamber.
2) Dry wipe test with a 50 nci maximum permissible removable contamination f

;

limit. f'

''

Th6 finished X2009 is subjected to the following tests af ter welding:
'

I

* 1) Dry wipe test with a 5 nti maximum permissible removable contamination |
~

,

limit.
,

t) ' Helium leak test. e*

. .

t

IO \
!

I i

!

|<

i
*

1,.
,

*
i

-
,

i

i
:
!

I-

,

:-

,

O :
.

. .

-6- |

|

.- 1
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Certificateof radioactivesourceintegrity -QCS .,. i us 3'
)

.
,p

-
' '

. ,

|# '. ''"
TW8 3 ' comuna Irradiation sources |

[ .' * ,

Assemt%oode ': X2089,
,

e e .. Assemt$ drawing : 3A 61844'
. .

>

m : >-

' '

chalt-60 (co-60) .'
'

<. Nuolide :
- .

L
. ;

I' Radioloadollygroup : 3j *. ,_

.'
'

. .

*

MaximumactMty : ,140 TBq (20 KC1). ,

I.

Special Form Test Da'taCLASSIFICATION .:.

(seeomf)
. RECOMMENDEDWORKINGLIFE :~ 15 Years ,

,.y ;

I Testsources :.Two Helium filled' inactive capsules lettered E and F. - Assembled
' - as por Drawing Number St. 61844 Issue A. Except for the' active-

.

i-

i,
- Cobalt rp which;were replaced by inactive rods. Void volume of

.

N ' > 100, aun . Two simulated samples serial numbers 0032EE and 0040EE'

.-

each cientaining approximately 25 micro curie Cobalt-60 chloride.
Assembled as per Drawing Number 3A61844 !ssu's T.. Except of the

1 active Cobalt rods.which were omitted.
*

Tesis carrled outin seconlanoe with Recommendatignof:
.

l,' - IAEA8elelySeriesNo.6: 1985;[*,. $ ' ' ' .i ~
~ * *

,

1.saklost" - TEMPERATURE Percussion ' IMPACT Bond [iInal' 'rt$t$'

i
method

vacuum Pass Pass Pass Pass.
Visual'

Subble Pass * Pass Pass Pass ,

' (OCP 112) 1.8 x 10~.' * ,

~I-Helium j *9. x 10-7 mbar i s'.

Pressurienticr
(OCP 113)4

.

. Pass
.

,

,Rau.orsion- < 5.0 Wanocuries
.(OCP131) e s,o.'

. .. , ,

.

*
-g .

,

Refer overleaf . e. - ,

, ,
..

.

f\-

U ) N. .. .. .. ... . .
;

. . . . . - . . . . . - . . _ . . . . - . . .

PnxiuctionManager industrialProducts.
QAMenager.- o

' . . ....
, .

+ , . , . . - -----.,,,,,-.,,,._,,,-,,_...-.,.my,_m
_

, _ - , .,,-%,-.
_

___w,.,_,,,,m_y.,,,,.,,,,.,- ,,,,,r.,-
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Certificate of Approval |
-

.

cf Design for'Special Form Radioactive Material 3

'
Title

Capsule X.2089-

DrewlNg Nos and Speelfication Reference-

:Assembly 3A 61844 ' Issue B ..
.$

'

' ' IMtails 3A 61843 Issue B

PG/8591/X2089 Dated 9 Pobruary 1988

| Radioactive Material * Maximum Activity'

1
>

L -

Cobalt 60 740 Tag (20,kCi). ,

-

| THIS IS TO CERTIFY that the Secretary of State for Transport belns, for the purposes of the Regulations |
.

.

..

| sf the Intemational Atomic Enersy Asency, the Competent Authority of Great Britain irf respect ofintar:d
L surface transport and of the United Kinsdom of Great Britain and Northem Ireland in respect of sea and
t air tansport and the Department of the Environment for Northem Ireland being the Competent Authority

of NIrthem Ireland,in respect ofinland surface transport, have approved the above-mentioned Special'
' Form Design. Radioactive material manufactured to the above mentioned design quellfles as special form
i . fadioactive material and as such will meet the requirements of the regulations overleaf.

,

This Certificate of Approval applies only to the dealsn as set out in the above named drawings and
, specifications submitted by Amersham International plc .

*
|

In the event of any alteration to the above mentioned drawinar and specifications orin any of the facts stated
in the application for approval, this certificate will cease to have effect unless the Corripetent Authority is
sotified cf the alteration and the Competent Authority confirms the certificate notwithstanding the alteration.

Tids Certifieste Cancels all Previous issues and is valia until 31 March 1991' +,

Competent Authority
identification Merk: -

,

1 , .

11 h:B/343/s
IUfbiU(EI.05UN8kkh

* N'

,

( mw:na ner.mxt r 9portdiological Adviser 1

1
-

.

Trans

24 MAR 1988 oepartmeni orTranspan |
'

(.. ;, i u. k. c . e'

,_

p ,
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y*,U md Pshe'minternellenalple leisphe LaneChsHont(o2ID4)4444 1- :
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f ' f ;^~ ; Englen HPF9LL . telea $3141 ACTIVAQ j

' g .. |
TCbrtificate of radioactive source integrity QCS 885 1 1issue

j:
'

j,

i . . :.

; . Yllie ! Gamma Irradiation Source i,
''

,

[ , .' Assemt&oode| ~

.: :X2089- f
'

,Assemthorswing . 3A 61844'-:

"

Nuclide : Cobalt-00 (Co-60) '

p - W oroup- : 31 |
' '

. ,

Maximumacwity : . 740 TBq (20 kC1)

.. - ?

.

cl.AsslFICATION : BS/ ISO / ANSI 77 C64426 !
!.

RECOMMENDEDWORKINGLIFE : 15 Years (seeomrieaf)
'

,

.

T h eources : '2 off inactive sources, cerial r. umbers E and F, containing
h -inactive cobalt rods and helium tilled. Assembled.as'in
E drawing number 3A 61844 issue.A. Void volume >100mm . js *-

L .

'
s

.

s

~ *

Tests carried out in accordance with Recommendation of:

.

88.5288: 1976 180.2919: 1980(E) . ANSIN542: 1977 lAEmidtfBMMEX
.

Qh . TEMPERATURE PRESSURE IMPACT VIBRATION PUNCTURE . .

Unils> m,

,

C 4 4 2 6
'

Vccuum Pass- Pass Pasc Pasc Pass
3 Bubble Pass Pace Pas: Pass Pass' * -

reno isos -
.

solium 6.8 x10-7 3.4 x10-7 3.8 x10-7 5.1 x10-1 3.8 x10 '<
'

P.rcosure - 5.2 x10-T 2.6 x10-7, 2.0 x10-7 6.D x10-1 2.6 x10-9 ,mbar 1 s-;
<<v

s , .. ...,. .

.

3. . ,

'
s

4

-

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DAManager. Production Manager. industrial Products.
.
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,.

.
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5.0 Shieldinaivaluation

5.1 Discussion and Results
,n.

G The containment cavity is shielded by 5 blocks of depleted uranium j
150 nun (5.9 inches) thick with a total mass of 1817 Kg (4006 lbs). Four '

of the blocks form an open topped cylinder (the containment cavity) and'
.the fifth, the closure plug. A Tungsten alloy rod is inserted in the
cavity drain pipe to provide shielding during transportation. ,

l. I
Shielding tests indicated that some additional shielding was required 1!

(See Packaging Group Memorandum (PGN) 246 in Appendix 5.5.1). As a i
. result of these tests, a 19 m thick. stainless steel ring was positicaed j
between the sources and the underside of the lid. In addition, a -

Tungsten disc 98 rm in dieraeter and 23 mm thick is inserted between the !

drain hole and the sources,

Table 5.1
:

Summary of Maximum Dose Rates (arem/hr)
>

Package Surface At One Meter
Side Top Bottom Side Top Bottom i

,

" Normal Conditionsi *
'

Gamma 27.2. 69.2 34.2 8.2 8.2 4.0
:

|
Neutron NA NA NA NA NA L '

Total 27.2 69.2 34.2 8.2 8.2 4.0

Package Surface At One Meter
,

|
Side Top Bottom Side Top Bottom

Hvoothetical Accident
Conditions ,

Gansna 27.2 69.2 34.2 8.2 8.2 4.0
Neutron NA NA NA NA NA NA

Total' 27.2 59.2 34.2 8.2 8.2 4.0
,

As discussed in sections 2.7 and 3.5 there would be no loss of shielding <

effectiveness in hypothetical accident conditions.

5.2 Source Specification

5.2.1 Gamma Sources

The sources used were Co-60 special form capsules containing 2.64 kCi in
a model X170 capsule.

5.2.2 Neutron Sources

Not Applicable

5-1,

O
,
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|

5.3 Es'el snecification ]t

The basic information on radiation dose rates was generated
experimentally using the actual flask. Dose rates were measured on the j

- flask containing 270 kC of cobalt-60. (See PGM 246 in Appendix 5.5.1).

5.4 shieldina Evaluation ;
"

r

A shielding efficiency test of the container was conducted. The initial |
test revealed two areas of concern. A disc of significantly higher !
level radiation was being emitted at a height equivalent to the

.

'

vaderside of the lid and a fairly tight beam was coming from the drain
hole. As there are no direct shine paths in these areas it was )
concluded that the cause was high energy scatter tracking along certain. :

stainless steel boundaries in the flask structure. .More tests were *

conducted and.found that the addition of a stainless steel ring
positioned between the sources and the underside of the lid, and a. ;

Tungsten alloy disc inserted between the drain hole and the sources, ':
solved this problem.. Details of the shielding tests may be found in PGM '

246 in Appendix 5.5.1. "

The results of the tests demonstrate that the dose rates surrounding
this container are within the regulatory limits.. ,'

5.5 Appendix
.

5.5.1 Packmaina Group Memor mum (PGML 246 9

*$htelding Tests on 3 * A Wet Flask '
,

KO .

L
3

'
.

E

L

I
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A I Plc;*~ ,

International
.,

Packaging Group Memorandum

shielding Tests on 3100A Wet riask
i
1

I.

1

n. Introduction !
'

Following final'*a'ssembly of the 3100A wet riask it was loaded with
source capsules.and on initial radiation survey carried out. This :

revealed two creas of concern. A disc of significantly higher level :.

radiation was being emitted at a height equivalent to the underside "

of the lid end a f airly tight beam was coming from the drain hole.
As there are no direct shine paths in these areas it was concluded
that the cause was high energy scatter tracking along certain stainicss'

steel boundaries in the flask structure. Subsequently more. detailed
tests were conducted with a variety of shielding elements incorporated '

both underneath and on top of the source holder. Details of the method,
the equipment used and the data obtained may be found in the Appendix.
The following sections analyse the results and conclude with the modi-
fications necessary to the flask.

,

s. e al levels

Tests conducted without any additional shielding pieces inside the cavity[A show that the maximum general levels are at the flask mid-height (see tests ;

2,4,5,9). As any shielding pieces added above or below the sources would
not effect these levels they may now be taken as the levels to aim for in

1 To calculate the levels to be expected with the flask's
*

the problem areas.
maximum load (270k C1 Co 60) the values are increased in the same proportion'

'

1-
! as the contents af ter having deducted the background levels _(see test 1).'

]
Because the background levels are due, in part', to the radiation from the,

flask's depleted uranium shielding these are then added back on -
4
it *

h DR max = ( (DR - Sg) x ACT max ) + Sg ,

ACT
.

' '

thus SDR max = ( (200-20) x 270 ) + 20 = 272 usv
193

- and TI max = ( (60-5) x 270 ) + 5 = 82 usv i

_193 ,

,

d* .
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*., C. Drain hole levels
.

.[
<T j} . Results from the 33mm discs inserted between the drain hole and thes sources (tests 13-19) show that satisfactory levels are obtained with

either'the lead er d/u dises and that a slightly thicker stainless steel !

dise would have been sufficient. Unfortunately there is not enough room
in the cavity to use's thicker disc and lead cannot be used as it could
melt. The only materials left are depleted uranium or tungsten. Tungsten
falls mid way between lead and d/u in shielding efficiency, is for more
stable chemically and has no radiation hazards of its own. It is therefore ,

recommended that tungsten is used. The improved shielding efficioney also '

means that a thinner disc may be used. The GEC comparison tables between
*

f
cD , lead and tungsten with broad beam co 60 radiation show that a tungsten
Ci- thickness of 23mm is equivalent to a lead thickness of 33mm. The radiation ,

levels expected are therefora s-
i

SDR max = ( (250-20) x 270 ) + 20 = 342 uSv
.I 193 -

;

TI max = ( (30-5) x 270 ) + 5 = 40 uSv
193

D. Lid underside levels

Results from the 19mm thick rings positioned between the sources and
the underside of the lid (tests 20-23) show that satisfactory levels are 't
obtained using a stainless steel ring. The levels expected are:-

SDR max = ( (500-20 ) x 270 ) + 20 = 692 uSv
193

72 max = ( (60-5) x 270 ) + 5 = 82 usv ,' i. .

193
q

. '
E. conclusions ,

>

1. -The maximum radiation levels from the 3100A when it is carrying 270k ci co 60
are as follows:- ,

[ SDR = 692 uSv or 69 mR/hr

TI = 82 uSv or 8.2 mR/hr

*
Eb =

. .
,

I

s_

-2-
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.t, .;) , ' 2. .The higher.than average radiation levels occuring at lid underside,

height' and at,the drain- hole can be brought down to not score than the
. .

.

'

'3/
'

levels above if a' tungsten disc (dia. 98mm x thickness 23mm).and a
stainless steel ring (dia. 98mm x thickness 19mm) are introduced

.

' , . ,
i

respectively below and above the source holder, t
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Appendim ,'

J'- I

1*

1. - .

, ,e<%(

kl 1. Methods

!The tests were conduc ted in one of the cells in building 443.26 at
AERE Harwell. The flask stood directly on the cell floor so radiation
measurements at the base were made without the benefit of the special
pallet it would be standing on during transport. X170 capsules each j

'

containing 2.64k ci co 60 were used. The length of these capsules meant
Ithat each tube in the source holder could carry up to three capsules. '

The maximum flask content was therefore 75 capsules. After establishing
the general efficiency of the flask's shielding the two areas of weakness ,

were investigated. Fortunately the flask's cavity was suf ficiently long..

for additional shielding elements to be added both underneath and above..

the sources. With the flask loaded with 25 capsuloc, either at the
bottom of the source holder or at the top on spacers, discs of different
shielding materials were placed below the source holder and rings placed
on top. Finally the source holder was loaded as fully as possible to
ascertain whether or not this made a significant difference.,

I 2. Equipment
>

| [98mm= Diameterj a) Shielding discs =

33mmThickness =
t St/st, lead & d/ uranium ;Materials =
|-

r

98mmoutside Diameter
~

b) Shielding rings ==
j 30mm *Inside Diameter
'Os

=

= 19mmThickness
St/st & leadMaterials =

NE 2603 (gamma) 0-20 msv/hrc) Monitors* =
/"Teletector 61128 (gamma) 0-1000R/hr ;

'

High level 3247-2 (beta /gammma) 0-1000 msv/hr
*

' *
. ,

!

1

! * to clear lif ting ring on source holder.

h

,

O

@

O

, .

L

|
'

|
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p ;

'
s' ,

]*
3. Rru1tc

,

i
' Contents SDR TI

{![ kCico60 usv usv
'( ,

Io

20 5
1. Background levels -

193 200 60
2. rJask mid-height

3. 'riesk lid (sources at bottom of cavity) 66 15 10

4. Flask lid (sources at bottom of cavity) 132' 20 15

5. Flask lid (sources at top of cavity) 66 80 50
,

g
b 6. Flask lid (sources at top under s/s ring) 66 33 25

Flask lid (sources at top under lead ring)' 66 30 20'

7.

8. Flesk lid (sources under s/s ring) 193 45 25'

-

9. Flask base (sources on 33 nun spacer) 66 180''
,

-

10. Flask base (sources on s/s disc) 66 70 .

.

11. Flask base (sources on lead disc) 66 50 -

12. Flask base (sources on d/u disc) 66 25 -

13. Drain hole (sources in bottom of cavity) 66 4,000 620

2,000 310
14. Drain hole (sources in bottom on 33mm spacer) 66 ,

-

*

15. Drain hole (sources in bottom on s/s disc) 66 600 77
,

16. Drain hole (sources in bottom on lead disc) 66 250 30
,

17. Drain hole (sources in bottom on d/u dise) 66 120 25

18. Drain hole (sources in bottom on s/s disc) 132 400 80
.

19. Drain hole (sources in top on s/s disc) 66 55 40 ,

2'O . Underlid (sources at top of cavity) 66 1,000 80

! 21.- Under11d (sources at top under e/s ring) %6 500 60

22. Under lid (sources at top under lead ring) 66 400 50
''

23. Under lid (s/s ring over sources) 193 500 60!
'

.

..-

.

s

.
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7.0 Doeratina Procedures
,

7.1 Procedures for Leadina Packane !

1 The procedures for loading the 3100A container ar6 as follows:

1. Unlock and remove the two padlocks securing the outer framework and I
the two security wires. ,]

2. Unscrew and remove the four M16 bolts holding the outer framework
.

'down.

s and shackles (SWL 1000 K each to the four I
'

~3
Attach'four slinkop of the outer framework feasslifting eyes on 50 Kg) and attach a i

suitable hoist. ;

4. Lif t the frame vertically to clear the flask and lower into position
,in a suitab1p, storage area.,

5. Undo the eight M16 bolts securing the flask feet to the pallet.-
|

6. Lift the flask (2,230 Kg) off the pallet, using four slings and ;

shackles (SWL 1000 Kg each) attached to the eyes in the top of the
fins.

,

,

7. Gently lower the flask onto a flat, firm base capable of supporting '

the load as close as practical to where its to be loaded.

8. Remove the padlock and seal securing the flask closure. '

.

.g. Ensure the flask is clean enough to enter the loading facility (pond
. or cell).'

,

10. Only when the flask is ready to enter the facility, loosen the
eight M20 closure bolts each by one turn and check the M30 |

-

eyebolt, together with the shackle and sling, is securely screwed
into the center of the closure. -

-

11. The flask is now ready to enter the facility. For dry loading.'

-- proceed to paragraph 25.

L Wet Loadina

12. Remove the closure purge plug and the flask drain plug.

CAUTION - (a) The plugs are clearly labelled. On no account should
any attempt be made to undo the maintenance test plugs which
are wired and sealed.

(b) Behind the flask drain plug is a rod. Remove this
p carefully as it is fragile.
L

L. 13. Lower the flask slowly into the water.
( .

/' 7-1
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14. Undo the closure bolts. !
'

!

15. Lift off the closure and place it down carefully in a clean area in
the pond.

16. Carefully lift the source holder out of the flask cavity and complete
'~the loading operation.
,

NOTE: - (a) There are two source holders in use. S/H 1 can carry up
-( .to 25.fu11 length or 50 half length capsules. S/H 2 can. !

carry up to 32 full length capsules. Both carry the ,

capsules in the same array and use the lifting lug. :
1

'

(b) If the source holder is not to be fully loaded, ensure
that the capsules are evenly distributed. !,

t
'

(c) If there are any capsules less than 430 ma long ensure i

that they are suitably packed to maintain vertical float to '

less than 25 mm. ~
,

I11. Carefully replace the holder in the flask, ensuring it goes right
down.

,

18. Replace the closure.
t

NOTE: The slot in its rim engages only with the fin with the -

padlock point. |

Ig. Replace the closure bolts and ensure they are screwed fully home, but !
not tight.-

. a
.

20. Lift the flask out >f the water using the four fin lifting eyes and|W ,

|1
hold it above the surface until water has stopped draining from the
drain hole. .

,

SELTim: no not attempt to lift the flask using the lid eyebolt.

I. 21. Lower the flask carefully onto the ground.
'

22. Check that radiation levels are nowhere greater than 1 R/hr and
contamination levels are within the limits specified:
4 Sq/cm*(1.8 x 10'* uC1/cm8) beta, genna, 0.4 Sq/cm'
(1.8 x 10-* uti/cas) alpha when averaged over any area of
300 cas.

1.

! 23. Check one at a time that the bolts are lubricated with copper
1- lubricant and tighten securely to 15 kgfm.
1 24. When the flask has dried out, replace the drain hole rod and the'-

purge and drain plugs.

7-2
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;

NOTE: (a) The cavity will dry cut more quickly if dry compressed air is
blown through it. If_this is done, use the purge point on the
closure 3/8' SSPP female) and remove the drain plug and rod.

';

'

(b) At normal opsrating temperature, en oxide film will form on -

the surface of the stainless steel source capsules. This is
| quite hamless but, if necessary, may be avoided by purging the

,

flask cavity with an inert gas such as Argon Nitrogen or Helium
| before it is sealed.

,
1
l Dry Loadina

25. Lif t the flask and lower it down carefully inside the cell.

26. Undo'the closure bolts.

27. Lift the source holder clear and place it down carefully on a heat
resistant syrface.

28. Load the holder with source capsules (see note in paragraph 16).
,

'

2g. Carefulhe replace the holder in the flask, ensuring it goes right
down. r

'
,

30. Replace the closure ensuring it is fully home.

NOTE:' The slot in the rim engages only with the fin with the padlock
point.

31.; Replace the closure bolts and ensure that they are fully screwed home
but not tight.

L 32. Lif t the flask out of the cell and place it down carefully on the
' ground..

33. Check radiation levels are nowhere greater than 1 R/hr and
J contamination levels are within the limits specified -

'

(see paragraph 22).

34. Check one at a time that the closure bolts are lubricated with copper
lubricant and tighten securely to 15 kgfm.
(see note 6 in paragraph 24).

7.2 Procedures for Unloadina Packane

The procedures for unloading the 3100A container are as follows:

1. Unlock and remove the two padlocks serving the outer framework and
the two security wires.

2. Unscrew and remove the four M16 bolts holding the outer framework
down.

3. Attach four slings and shackles (SWL 1000 Kg each) to the four
lif ting eyes on top of the outer framework (mass 150 Kg) and attach a

/ suitable hoist.
'

7-3
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1

4. Lift the frame vertically to clear the flask and lower into position iin a suitable storage area.

/~ CAUTION: The flask surfaces may be het enough to burn unprotected
N . hands. It is advisable to wear gloves if the flask is

'

carrying more than 4.0 PBq (100 kC1) of Cobalt-60.

5. Undo the eight M16 bolts securing the flask feet to the pallet.

off the~ pallet, using four slings and I
Lift the flask (2,230 Kg)h) attached to the eyes in the top of the

6.

j|
shackles (SWL 1000 Kg eac
fins.,

7. Gently lower the flask onto a flat, firm t'ase capable of supporting
the load as close as practical to where it is to be unloaded. -

8. Remove the padlock and seal securing the flask closure. j

9. Ensure the flask is clean enough to enter the unloading facility
(pond or cell). .

10. Only when the flask is ready to enter the facility,0 eyebolt, loosen the eight
1

M20 closure bo M each by one turn and check the M3
together with the shackle and sling, is securely screwed into the i

center of the closure. !

11. The flask-is now ready to enter the facility. For dry unloading,
proceed to paragraph 26.

L1 . Wet Unloadina

i1 - 12. Remove the closure purge plug and the flask drain plug.

I
I CAUTION:' (a) The plugs are clearly labelled. On no account should

'
| any attempt be made to undo the maintenance test plugs which

are wired and sealed.
.- ,

(b) Behind the flask drain plug is a rod. Remove this >

carefully as it is fragile and may be very hot.
' 13. Precool the flask if it is carrying more than 4.0 P8q (100 kC1) of

'Cobalt 60 by:
'

| (a) playing a water spray over it for ten minutes: - start with a
fine spray and only progress to a stronger jet when boiling on
contact has ceased.

(b) air cooling the contents for thirty minutes - connect a source of .

'clean, dry, oil free air at not more than 6.0 bar te the closure
purge point (3/8' BSPP).

CAUTION: Air exiting from the drain point may be extremely hot.

14. Lower the flask slowly into the water.

7-4 '
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ggII: If the flask should have been proccoled but the facilities were j-

not available, lower the flask into the water in steps of not
more than.10 cm, pausing at least a minute between each step. !

15. Undo the closure bolti,.

* 16. Lift off the closure and place it down carefully in a clean area in'

the pond,
i

17. Carefully lif t the source holder out of the flask cavity and complete {the unloading operation,
r

NOTE: There are two source holders in use. S/H 1 can carry up to 25
full length or 50 half length capsules. 5/H 2 can carry up to 32 !

'

full length capsules. Both carry the capsules in the same array
and use the lifting lug. ;

18. Carefully replace the holder in the flask, ensuring it goes right
down. .- ~

Ig. Replace the closure.

NOTE: 'The slot in its rim engages only with the fin with the ,

padlock point.

20. Replace the closure bolts and ensure they are screwed fully home, but ,

not tight.

21. Lift the flask out of the water using the four fin lifting eyes and
hold it above the surface until water has stopped draining from theL

-

'

' drain hole.
,

CAUTION: Do not attempt to lift the flask using the lid eyebolt. [

; 12. Lower the flask carefully onto the ground.
' '

' 23. Check that radiation levels are nowhere greater than 1 R/hr and
contamination levels are within the limits specified:-

>

.' 4 Sq/cm8(1.8 x 10-*'uC1/ce') beta, gatuna, 0.4 Sq/ca'
. (1.8 x 10-* uC1/cma) alpha when averaged over any area of
300 cas.

24. Check one at a time that the bolts are lubricated with copper ,

b lubricant and tighten securely to 15 kgfm.

25. When the flask has dried out, replace the drain hole rod and the
purge and drain plugs.

l

NOTE: (a) The cavity will dry out more quickly if dry compressed air is
blown through it. If this is done, use the purge point on the
closure (3/8' BSPP female) and remove the drain plug and rod.

,

(b) At normal operating temperature, an oxide film will form on
the surface of the stainless steel source capsules. This is
quite harmless but, if necessary, may be avoided by purging the

-( flask cavity with an inert gas such as Argon, Nitrogen or Helium
. before it is sealed.

'
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a Drv Unloadine !

.
26. Lif t the flask and lower it down carefully inside the cell,

.

'

b' 27. Undo the tiosure bolts.
,

" 28. Lif t the source holder clear and place it down carefully on a heat ;

resistant surface,

r&IlDN:' The source capsules are likely to be extremely hot (up to -

400' C). Remove R L flammable materials from the unloading
area. !

2g. Load the holder (see note in paragraph 16).

30. Carefully replace the holder in the flask, ensuring it goes right
down.

'

31. Replace the closure ensuring it is fully home. -

NOTE: The slot in the rim engages only with the fin with the padlock
.,

point,
,
.

32. Replace the closure bolts and ensure that they are fully screwed home '

but not tight.
.

33. Lif t the flask out of the cell and place it down carefully on the
ground.

,

34. Check. radiation levels are nowhere greater than 1 R/hr and
.

s

> contamination levels are within the limits specified
' (see paragraph 22). ;

35. Check one at a time that the closure bolts are lubricated with copper
lubricant and tighten securely to 15 kgfm. - -

(see note 6 in paragraph 24).
'

.

7.3 preparation of Emotv Packaae for Transoort
,

'

I The procedures for preparing the container for empty return are as
I f0110ws:
b

1. The packege and all equipment must be checked to ensure that the
contamination levels do not exceed those for uncontrolled areas
4 Bq/ca' (1.8 x 10-* uti/ca') (Beta, Gamma),i

| 0.4 Sq/cm* (1.8 x 10-7 uC1/cm*) (Alpha) when averaged
over any area of 300 cm'.
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,

2. Repack in the general reverse pr:ccdure, ptying particular attention 1

to the following:,.

- (a) turnaround maintenance as set forth in Packaging Group Memorandum

'- h{ \ . (PGM) 176 (Appendix 8.3.1).
I

(b) All nuts and bolts must be tightened securely. )
[' |'

|'
(c).All padlocks must be repositioned. j

i
l

|- (d) All seals must be replaced.
.

3. Check all tools against the list provided and return to the tool box.-

4. Remove the old labels and relabel as appropriate. Ensure the -

'necesfary paperwork is complete for transport. Check that labels andt. '

i docuerntation agree with measured radiation levels. Check in
L .particular a,round the drain point. |

t

5. When t3e flask is being returned empty, it may be described as '

L ' Exempt' in the transport documents provided that:

!(a) the surface dose rate is less that 5 USv/hr.
l ,

(b) the internal surface contamination levels do not exceed 400I

Sq/cm8 (1.8 x 10-* uti/cm8) (Beta.Ganna) or
40 Sq/cm* (1.8 x 10-8 uti/cm ) (Alpha).e

: (c) The external surface contamination levels do not exceed those
specified in paragraph 1. +

' (d)'all category labels have been removed or covered up. |,

'

7.4 Anoendix
.

7.4.1 Handling and Packaging Instructions for Package Design 3100A
~

(HPI 63)-

.

t
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t Issue t
;', AMERSHAM INTERNATIONAL plc

e

j International Operations
.! .

I Packakinz Croup

Handling and Packaging Instructions
for Package Design No. 3100A

CA DRAWING NUMBER OA 23525

A.' CONTENTS

Warnings
'Unioading and loading instructions.-

Return of container..

Appendix 1: squf.pment and tools for Package Design No. 3100A. >

Appendix 1; Spare parts list for Package Design No. 3100A,

' B. A380CIATED DOCUMENTS

| 1. Safety instructions for unloading and use of high activity '

.

gamma radiation sources.

2: Package assembly drawings. '

<j 3. PCM 176 - Turnround maintenance for Package Design No. 3100A.
I

C. WARNINGS

[ 1. All supervisory personel must ensure that they are completely
I (N ^

familiar with this document and associated documents ).112I1,.

| commencing to unload or transfer sources from this package.
I_

*
,

2. All personnel handling the package must be competent in-

working with radiation hasards and fully informed about the r
*

.
'

operatione necessary.

3. Check contamination levels on all exposed surfaces on the
packa5e and all equipment before authorf sing work to procogd.
They must not exceed tgesc for non controlled areas (48q/s
(beta, ggena), 0.45q/m (alpha) when averaged over any area

, of 300ca'). s

|
'

b 4 For shipment of radioactive material, check that the package
y will not require annual maintenance before the shipment isE

completed. .-

! 5. The package must only be transported using a vehicle of 4.0*

|' tonnes minimum capacity which is provided with adequate
tie-down facilities. Note that more often than not this
package must travel as a FULL IDAD ( see F.5 ).

.
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. ' . 1

D. E0VIPMENT REQUIRED*'
*

. . ,

' , . 1. >Meist : $W1.4.0 tonnes minimum.

2. Equipment and tools for Package Design No. 3100A (Appendix 1)
,

u
a.

L 3. Spare parts for PackaSe Design No. 3100A (Appendix 2).

3. UNL^ADING AND 1AADING INSTRUCTIONS
,

1. Unlock and remove the two padlocks securing the outer i

framework and the two security wires. :

2. . Unserow and remove the four M16 bolts holding the outer ,

*

framework down."

3. Attach four slings and shackles (SE 1000kg each) to the four
lifting eyes on top of the outer framework (mass 150kg) and ,

"

attach a suitabis hoist.*

,

4. Lift the frame vertically to clear the flask and lower into e

position in a suitable storage area,

caution: The flask surfaces may be hot enough to burn
unprotected hands. It is advisable to wear gloves

;if the flask is carring more than 4.0FSq of
cCobalt 60.

.

5. Undo the eight M16 bolts securing the flask feet to the
-"

pallet.

6. ~ Lif t the flask (mass 2300kg) off the pallet, using four
slings and shackles (SE 1000kg each) attached to the eyes inL the top of the four thick fins. ,

'

7. Cently lower the flask onto a flat, firm base capable of
supporting the load as close as practical to where it is to,

*
-

be (ua)1oaded. ,

8. Remove the padlock and seal securing the flask closure.

9. Ensure the flask is clean enough to enter the (un)1oaded I

facility (pond or cell).

10. 1mosen the eight M20 closure bolts by one turn each and ,

J

insert the M30 eyebolt into the centre of the closure.
s

11. The flask is now ready to enter the facility. For dry (un) .
loading proceed to para.27.

.

1

MP/HP163/2 Page 2 of 7 i
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;
.. i

:. ~ Wet (un)1oadina ,

:e? 12. Remove the closure purge plug and the flask drain plug,
i

' C ation: (a) The plugs are clearly labelled. On no account

Sh should any attempt be made to undo the Maintenance,

A ./ Test plugs which are wired and sealed.'

(b).gehind the flask drain plug is a tungsten rod. j
A

carefully remove this taking cars that it does not -
,

'

get bent or broken,
l.

13. Pre cool the flask if it is carrying more than 4.0P8q of
'

Cobalt 60 by:
'

a) Playing a water spray over it for ten minutes:. Start with
a fine spray and only progress to a stronger jet when .

boiling'on contact has ceased,
b) Air cooling the contents for thirty minutes:- Connect a.

source of clean, dry, oil free air at not more than 6.0 .

'

bar to the closure purge point. NOTE: Air exiting from the_:
> -

drain point say be extremely hot. ;
y

.
14 14wer the flask slowly into the water NOTE: If the flask

should have been precooled but the facilities were not '

,

availabla lower the flask into the water in steps of not more >

than loca pausing at least a minute between each step.
-

!
~

16. Undo the closure belts.*

|

|' I 17. Life off the closure and place it down carefully in a clean
area in the pond.'

#

18. Carefully lift the source holder out of the flask cavity and
' complete (un)1oading operation. Jt,gII If it is not to be fully ,

loaded, ensure that the sources are evenly distributed around
the basket. .-

19. Carefully replace the source holder in the flask, ensuring it-

goes right down. ;
*

*'
-

f

[
20. Replace the closure. NOTE The slot in Ats rim engages only

6

*

with the fin with the padlock point.
I

! 21. Replace the closure kolts and ensure that they are screwed
fully home but not tight.

22. Life the flask out of the water, holding it above the surface
I until water has stopped issuing from the drain hole.a

*

23. Inver the flask carefully down ento the ground.
'

..

24. Check that radiation levels are nowhere greater than IR/hr
and contamination levels are within the limits specified in
C 3.

.

25. Check one at a time that the bolts are lubricated with copper
or FTFE lubricant and tighten securely to 15kgfe.

'

'

MF/HFI63/2 Fage 3 of 7
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26. When the ficsk has dried sut, r:pleco th2 tun &ston rsd, purge

cnd vent plugs. NOTE.The ecvity will dry out saro quickly if )*'

gh it. If this is done, use
drycompressedairisblownthrog/8"55PPfemale)andremove

''

',' the purge point on the closure (
the drain plug and tumssten rod, jg ,

.l
Dry (un)1oadina'

27. Lift the flask and lower it down carefully inside the cell.
:

SS. Undo the closure bolts.

29. Lif t the closure clear and place it carefully down in a clean |

area in the cell. )

30. Lift the source holder clear and place it down carefully on a 1

'
1: heat resistant surface. .

: ,

31. (Un)1oad the holder with source capsules. ppJ.E If it is not
to be fully loaded ensure that sources are evenly distributed

"around the holder.
,

:

32. Carefully replace the holder in the flask, ensuring it goes
right down.

~ '

33. Replace the closure ensuring it is fully home. E E E * * alot
in the ria engages only with the fin with the padlock point.

34. Replace the closure bolts .nd ensure they are acrewed fully ,

home but not. tight.'

.i

- .- 35. Lift the flask out of the cell and place it down carefully on ,

( the ground. ;

| 36. Check radiation levels are nowhere greater than 1R/hr and
contamination levels are within the limits specified in C 3.

'
.

37. Check one at a time that the closure bolts are lubricated
.

with copper or FTFE lubricant and tighten securely to 15kgfm. .

.-
.

^

F. plETURN OF CONTAINER

1. D e package and all equipment must be checked to ensure that
the contamination levels do t exceed those for
mon controlled areas (45q/cm (beta,ganna),0.45q/cm2 (alpha)

| when averaged over any area of 300cm ).

K
.

I
.

i

e

.
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J i4 ,

:,C 2. Repack in the g:neral reverse prsceduro, paying particular ;

,f ottsntiin to th3 fallsving p3ints:
,

b a) Turnround maintenance to PCM 176 must be carried out, i

I

( b) All nuts and belts must be' tightened securely.

c) All padlocks must be repositioned. |

d) All seals must be replaced.

3. Check all tools against the list provided and return to the ;

tool box.
t

4. Remove the old labels and re label as appropriate. Ensure the
,necessary paperwork is complete for transport. Check that .

1abels'and documentation agree with measured radiation**

levels. Check in particular around the drain point.- |
"

C. ESSENTIAL CARRIER INFORMATION
y-
t 1. Stoweme Restrictions

The package may generate significant quantities of heat. The
following precautions ensure that heat is dissipated safely.

|
The consignor g gi ensure that they are complied with at all -

- times during transport. |
,

1
'

i

contents (Co 60) Precautions

- Up to 180TBq No special precautions are
(5KCi) necessary

18078q to 660T8q Minimum clearance around package of
.. (5KCi to 18KCi) 750mm- ,

e .

660TBq to 1.18PBq Minimum clearance around package of.,

(18KCi to 32KCi) 750mm.Peckage must not be -
-

oversheeted.-

i

|=
Above 1.18P8q FULL IDAD conditions apply.

1 (32KC1) Package must not be oversheeted.
2. Steam

When the flask is fully loaded loaded its surface temperature .

may exceed 100'C. In the event of rain or water spray falling
on the flask large quantities of steam may be generated. This, is perfectly normal and in no way indicates may lack of
safety. The consignor must ensure that all carriers are aware

|
ofthisbefogetheflaskisdespatched..

Author:.. C. . . .l. .[ !9 h ......... Date:...I. E.h.f......

| ch.ck.d:..: d 6 .e. R.$ ............ Date:.. w.i.a. n..........
1,1

40-
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Appendix 1
1..

[ Recommended eeufoment and tecle for Fockste Desian No.3100A

Description ;

Liftina. 912 h
1: Lifting straps 4 1000kg SWL
2: Shackles 4 1000kg SWL ,

1 . 4000kg SWL
3: Eyebolt 1 M30
4: Lifting strap 1 4000kg SWL

1091L
.

,- 5: Ring spanner 2 M16 and M20 (24 sex 39amA/F) ,

6: Socket 2 M16 and M20' * *

7: Adjustable spanner i Up to M24 (36mm A/F)
8: Ratchet handle 1 Standard ~

9: Socket extension 1 Standard,

10:-Fair of plists 2 lang nose and heavy duty ,

11: Screwdriver- 4 Assorted
12: Mallet 1 Mide and copper faced
13: Torque wrench 1 0 25ksfa

Miscellaneous

,| Security sesis 6 Standard Al issue
600cm Srandard Al issue

. Security wire
.

Standard
;

Copper or FTFE Imbricant 1 tube
,

'( Mish temp. Locktite 1. tube Standard
:

Disposable' --

! 'f
White tape 1 roll

- <

*
Cotton gloves 4 pairs

.. Muslin ---
,

- .
*

Personal (per radiation worker)
!. 1

l coveralls 1

l Safety shoes 1 pair

:| Radiation bleeper 1
Film badge 1

QFE 1

Supplementary
,

*

Mini monitor 1 beta / gamma*

Package monitor 1 2R/hr max.L .

Package mor.itor 1 50R/hr max.
Transport labels 1 set.
Documentation 1 set
Assembly drawings 1 set
Approval certificate 1 set
Fadlock keys 2 sets

Page 6 of 7| MF/HP163/2 -
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H .f. ' ' Recommended Soare Parts 1.ist for'Packame De' tan No. 3100As :

1n
.

,
, u

: . . . - e
1

i|' Description * R12 Item No. (see Dra.No.0A23595) j', :

1: Padlock and keys. .2 17 !| .|f| ,y ;

'2: .0 rings. 2 21,,; ,
|. ;

3: 0. rings 2 22
'

,

W

4: 0. rings 1 23 ;
,

i5: Screws. 2 25 -

. _ . .

'

0
6: Screws '2 37"~

7: Washers 2 28 ;.

.

..

I t

8 8: Washers 2 29 ,

'
9: Washers '2 30>

-+
,

'i.<
1

.

: L.
|i
,

.i. :.

|
,

* , e

,

t~

* . .

.. .,

.

.

.,

,

r

is-
-.

4

%

7

i
a
R
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8.0 &nta1Rg t eats and Maintenance ProaramY

8.1 kcentance Tests j

All containers of this design will be manufactured and used in accordance
with Amersham Corporation's Quality Assurance Program for Type a
Radioactive Material Transport Packages. No. 0370, Revision No. I which

30, 1997
was approved by)The Nuclear Regulatory Commisssion on November(Appendix 0.3.1 .

8.1.1 Visual Insnection

All compontats of the container are visually examined to insure proper
alleably and that padlocks and seals are in place and secure. The
container is also examined to insure that the proper merking and -

labelling is in place. (See Packaging Group memorandum (PGM) 176 in
Appendix 8.3.1).'

8.1.2 Structural and Pressure Tests ,,

Protot s of each special fora design are tested to a minimum of 700 psi )
externypressure.,

a

e>

3.1.3 Leak Tests
I

| Each radioactive source capsule will be subjected to the leak tests
iprescribed for special form sources in IAEA Safety Series No. 6, and et

the USA Regulations in 49 CFR Part 173. Sources failing these tests will |,

not be used. |

S.1.4 tenoonent Insts
|

and padlocks are tested for fit |
The closure assently, outer framework,ity of the container will be !and function, to insure that tha secur
maintained. Components failing these tests will not be used until the |

*

faulty part is repaired or rep' aced and retested. j

8.1.5 Tests for shieldine Inteerity |
,

iThe radiation levels are checked to insure that they are nowhere greater
'than 1 R/hr. If the radiation level does exceed 1R/hr, the container |'

!will be repacked and !be radiation level romeasured.
'

8.1.6 IhtDial Accentanze Te (

Not Applicable. |
i

8.2 Maintenance Proeram'

!

8.2.1 Structural & Pressure Tests
!

Not Applicchle. t
;

!

j.-i.

O ;
,
.

h

!
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,

0.t.2 Leak lasts |

As d> scribed in section 8.1.3, the radioactive sovne capsule is leak
. ., k tested at manufacture. and thereaf ter at not more than 6Hr>nthly !
i
0 intervals. The stainless steel skins on the flask body and closure |

provide both environmental and mechanical protection for the depleted !

vranium shielding within. Suring the annual maintenance performed on the !
contair,er,xthe stainless steel skins are leak tested. The procedure is !
descri6ed 1n detail in Packaging Group Memorandum (PSM) 177 which may be '

found in Appendix 8.3.2.
1

0.2.3 hbsystem Naintenance !

Not Applicable,y r33
6.t.4 Valves tunture Disks and taskets

_ Not Applicable. ,, |
8.2.5 1hitDlan

,

tefore shipment of the leaded container the shielding integrity is i
tested as described in Section 8.1.5. Isurveyofthefullyassembled !
package including the outer framework is done to ensure that radiation |

1evels do not esceed 200 mA/hr at the surface of the container (evter i
H framework) and 10 mR/hr at one meter from the surface. !

|
-

,

8.2.6 Damil ;
; '

Not Applicable.
'

8.t.7 thral1$nnous .

outlined in PSM 176 (Appendix 8.3.1)y, the turn around maintenance
Before each shipment. Ioaded or onpt

must be performed.

. Suring the annual maintenance, a dye penetration test is perforised on the
ikey structural points such as the lif ting eyes, feet, and flange bolts. )

Details of the annual maintenance may be found in PSM 177. Appendix 8.3.3. i

8.3 Annendis
:

8.3.1 Amersham Corporation Quality Assurance Program for Type 8 |Radioactive Noterial Transport Packages
,
;

8.3.2 Packaging Group Menorandum (PSM) 176 ' Turnaround i
Maintenance.' |

8.3.3 Packacing Group Memorandum (PSM) 177 ' Anneal Maintenance.' I
!

!

!

i
8-2 !

| |
i

2716E

i
,

i
'

|
,
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I
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'

{ pursuant to the Atomic Energy Act of 1964.es emended,the Energy Reorpentastion Act et 1974, as amenced. and Title 10. Code of Feoeret
Astulelsene. Chapter 1. Peri 71. Dnd in relence on statemente and #9presenlet6pos herplof ere mese 1.* Item & by the pereen name6 in elem
3. she Queitty Assurance Proprom 6dentifice 6n item 8 is besoby approved. Th6s approval 6s issuo6 le setiety the requiremer.as of section

I t1.101 et 10 CPR part 71. This approvet is subject le all appik.able rotes. reputations, one orders of the Nuclear Regulatory Commission

,
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|
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i Amersham Corporation ;.
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'
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Activities conducted under applicable criteria of Subpart H of 10 CFR Part 71
' i
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Amersham Corporation !

Oua11ty Assurance Program
| For Type 5 Radioactive Material :

j4 Transport Packages |

| .

(

I introduction
7

|
EERR19.

.

This Amersham Corporation Quality Assurance Program is promulgated to i
comply with the requirements of Subpart H Section 71.51 and Appendix E| of 10 CFR Part 11 ' Packaging of Radioactive Material for Trar. sport and

|Transportation of Radioactive Material', of the United States Nuclear*

!
Regulatory Commission. '

|..

!

'

This Amersham Corporation Quality Assurance Program, as required by
10 CFR Part 11 applies to all activities affecting the components of !

the packaging which are significant to safety. Those activities i

|incluoe designing, purchasung, fabricating, handling, shipping.
,

I !
storing, cleaning assembling, inspecting, testing, operating,'

!mainta.ning,repaIringandmodifying.
!,

!. Greanization
|

A. The overall responsibility for the Quality Assurance Program is
\ retained and exercised by Amersham Corporation, j

i
;

The responsibility for the Amersham Corporation Ovality AssuranceB.
program is shared by a number of departments within the company. j

|
*

| ~ The responsible departments, by function, include: ,

i
-

1. Facilities and Procurement# . ,
-

,

iThe responsibility for design control; instructions,s.
procedures and drawings in support of the design; assuring
that all parts and components are manufactured to
specifications; evaluation of the capability of a supplier ,

ito provide an acceptable service; all testing
requirements; receiving inspections and the control of
measuring and test equhpment rests with the Engineering !

|Department. !

b. The responsibility for communicating to the manufacturers, ,

via procurement documents, all applicable 10 CFR Part 71,.

requirements rests with the Purchasing Department.

E ivironmental Rooulatory Af f. rs2. :T)e responsib11Lty for overall coordination and monitoring of '

' the handling, storage and shipping of these containers related
to the containment of activity and operator safety rests with

.

'the Environmental Regulatory Af fairs Department.

1
i

!

!

'
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l,

,

Environmental Regulatory Affairs also has responsibility for*

advising other departments on regulatory requirements and 'I
auditing the program to see that the requirements are being

I met.

3. Itanufacturine
The responsibility for proper handling, loading and unloading
of containers rests with the Manufacturing Department.

,

'

i

4. 0>erational services
Tse responsibility oor proper usage of containers during
preparation for shipping and af ter receipt, routine

.I

.

inspection, handling and maintenance rests with the
;

Operational Services Department. i
.*

-

'

C. A current organizational chart is included with this document as
Attachment #1. |

'

The key positions within Amersham Corporation that are inv61ved inD.
the administration of the Quality Assurance propram and included i

;

in the departments listed in 1.g. are listed be ,ow with a brief

description of each. The specific responsibilities of each |
iposition, or.of those under the person in the position described,
.are spelled out in Standard Operating procedures. ,

t

1. The president has overall responsibility for Quality Assurance :

at Amersham Corporation. This responsibility is delegated to: ;

!
Blanane s enoratdons who has the responsibility for seeing

!(- that t1e fo'lowd ng persons in the following departments !a.
| carry out their listed responsibilities. !
' ' ,

!shineina tunervisor has responsibility for the
!e

receipt, routine inspection, storage, handling and
-

,

shipping of Type t packages.

Itanneer. Itanufacturine has'the responsibility for,
4

' ,

. i
proper handling Loading and unloading of Type 8 ;
packages.

:

Itanneer procurement and Faedlities has |

responsibility for the coord nation and '
'o

implementation of all engineering aspects of the QA ;

This includes design control, producing e

program.
instructions, procedures and drawings in support of a f

i
design evaluating the capability of supplier to !provLde an acceptable service, assuring that all

|parts and components are asnufactured to'

ispecifications, ensuring that testing requirements
are met performing receiving inspecthons and the
exercising control over measur' g and test equipment. ;

;

;

>
<
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,

senior auver has responsibility for purchasing
some Type 5 packages and connunicating to f

e

participating organizations the OA requirements !O which must be rard. |
:

c. Manaaer. He' entific and teaulaterv Af f a' rs has the |

responsib11< ty to see that the program 's boiteg I

administered offectively. i

i

Isanaaer. Environmental and safety Reaulaterv Af f airs |'

e
ses the responsib11'ty for seeing that the following |

person carries out her listed responsibilities. j

Environmental W ety Offic e.
has responsibt'';y for rev ewing the activities
of other departments with regard to operator
safety, for ensuring that all departments are |
afvised of regulatory requirements which must be ;

.,,

* -

met and for auditine the Quality Assurance !
Program to assess if it is in compliance with 10 [

Cft Part 71. This person also acts as Transport !

Container Officer for the company. j

d. Vice Presidenn. Finance and Indusnrial Products who has !

the responsit ility for seeing tha" persons in the
Industrial products Department carry out their listed
responsibilities. !

r

tune avitar custoner service has responsibility for !e
purcTas' ng some "ype 5 packages and communicating to i

participating organizations the OA requirements which |
must be met. |

;

E. The Transport Container Officer maintains overall responsibility :'

and authority for the Type t Package Quality Assurance FrPgram and :
I

ensures that any deficiencies found in the pregram are noted and' *
-

corrected.
'

The Transport Container Officer should be a technically-degreed,
Iexempt espioyee who has had sufficient professional experience to

judge that the safety-related issues involved in the manufacture ;

and use of a Type 8 container are addressed in the Quality !

Assurance Program.
;*

'

F. . It is the responsibility of all individuals listed in I.D. to I

ensure that quality products are produced. Therefore, each person
listed has been delegated the necessary authority to stop
unsatisfactory work and control further processing, delivery or .

,

installation of nonconforming material until proper disposition of |

the material is made. |

II. Quality Assurance Proaran ,

,

A. The Manager, Environmental and Safety Regulatory Affairs regularly :

(.. assesses the scope of the QA Program to assure that it is adequate i

j [
and complies with 10 CFR Part 71 Appendix E. ,

3

,

e *

.i
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8. The Manager, Scientific and Regulatory Af f airs regularly assesses .

4

the status, implementation, and of fectiveness of the QA Program
,

-

for Type 8 tadioactive Material Packages.
,.

C. Procedures are established to control the distribution of Type 8
container quality assurance manuals and revisions thereto. This
will be the responsibility of the standards and Specifications

|Department.-i

S. The tranport Container Officer communicates to all responsible
organisations and individuals that quality policies and procedures I

are mandatory requirements which must be implemented and er. forced. |
f

i
E. Amersham Corporation Engineering will ensure that all -

isafety-related systems, structures and components are identified
!and reviewed. These systems will be subject to the 0A fabrication

and inspection progrees. ,

4

F. The Transport Container Officer has the responsibility aH -

authority to resolve disputes involving quality arising from a j

difforence of opinion between personnel having QA responsibilities |

and persannel from other departments, j
!

6. Indoctrination and training programs are established, such that ;

tpersonnel responsible for performing quality-related activities
are instructed as to the purpose, scope and implementation of the !'

0A instructions and procedures. They are trained and qualified in i

the principles and techniques of the activity being performed, and |

their proficiency is maintained by retraining, reexamining and 1,.

|((~ recertifying. The scope, the objective, and the method of !
'

! implementing the above program is fonnally documented, j

H. All quality-related activities are to be performed with proper
[

-

equipment ender suitable environmental conditions and all -

tprerequisites will have been satisfied prior to inspection and
!

.

testing..

I!!. Destan Control,

A. Measures are established to carry out design activities in a
planned, controlled, and orderly manner.

'

8. Measures are established to correctly translate the applicable
regulatory requirements and design bases into the specifications, .

f

drawings, written procedures and instructions,
.

'

C. Quality standards are specified in the design documents and
deviations or changes from the quality standards are controlled.*

D. Designs are reviewed to ensure that:

1. The design characteristics can be controlled, inspected and
-

tested and

2. Inspection and testing criteria have been identified and'

requirements for handling, storage, cleaning and maintenance
are addressed.

4 ;

9
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E. Proper selection and accomplishment of design verification or
checking processes such as design reviews, alternate calculations. |

;[~,) or que1Lfication testing are oerfomed. When a test program is :

used te verify the adequacy of a design, the prototype is j
V

subjected to the esost adverse design conditions.

F. Design verification will be conducted by a person other than the |
original designer. |

>

8. All design and specification changes are subject to the same i

design controls and approvals as the original design.
i

M. The authority and responsibility of persons perfoming design
|reviews and other design verification activities are identified

and controlled by written procedures. ;

IV. Procurement bec nt control

A. Procedures are established that clearly delineate the sequence of
f
-

actions to be accomplished in the preparation, review, approval
and control of procurement documents. ;

1

B. Procurement documents ittentify the applicable 10 CFR part 71 ,

!requirements which must be addressed and complied with during
fabrication of the container, j

i C. The procurement documents contain or reference the design ;

technical requirements including the applicable regulatory :
!requirements, and any applicable material and component

4

''

identifications, drawings, specifications, codes and industrial
standards, test and inspection requirements and special process |

'

| instructions.
!

The procurement documents identify the documentation to be~ D.
prepared, maintained, and submitted to the purchaser for reviewI

. -

and approval.'

>.

i
The procurement documentation identifies those supporting recordsE. to be retained, controlled, and maintained by the supplier, and ;

those delivered to the purchaser prior to use of the hardware. .

I

'

F. Procurement documents contain the procuring agency's right of
access to a supplier's facilities and records for source
inspection and audit. +

:

8. All changes and revisions to the procurement documents are subject
)to the same review is the original document.

'

|

( V. Instructions. Procedures and Drawines
,

l Activities affecting quality are prescribed and accomplished in'A.
accordance with documented instructions, procedures or drawings. j

Procedures are established which delineate the sequence of actionsB.
to be accomplished in the preparation, review, approval, and

icontrol of instructions, procedures and drawings,
;

5

1

|
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C. The 0A organization outlined'in I.B. reviews, and concurs with the'

inspection plans; test, calibration and special process i
'

d procedures; drawings and specifications; and changes thereto or
-

acceptable alternatives.
;

VI. Bee r.t control
!
i

The review, approval and issuance of documents and channesA. thereto, prior to release, are procedurally controlled to assure ,

'

that they are adequate and that quality requirements are stated.
)

Changes to documents, including instructions, procedures, and8.
drawings are reviewed by the same organization that perfomed the
original review and approval or by other qualified, responsible . !,

|organizations as delegated by Amersham Corporation. i
-

C. Approved changes are included in instructions, procedures.
.

|"

drawings and other documents simultaneously with the '

implementation of the change.

O. Current issues of applicable documents will be available at the
location where en activity is being perfonned. This will preclude ;

the use of obsolete or superseded documentation, j

E. A master list, or equivalent, is established to identify the
current revision number of instructions, procedures,
specifications, drawings and procurement documents.

VII. Control of purchased materials. parts and conoonents
,

A. Qualified personnel evaluate the supplier's capability to provide j

acceptable quality services and products. .

[The evaluation of a supplier will be based on one or more of theS. i
i f011owing:
|

,

,,

I
-

The supplier's capability to comply with the elements of
;

i 1.
Appendix E of 10 CFR part 71 that are applicable to the type
of material, equipment or service being procured. |

i

A review of previous records and perfomance of the supplier j
2. on similar articles of the type being procured. ,

t.

A survey of the supplier's facilities and QA procedures to ,

3. detemine his capability to supply a product which meets the i

design, manufacturing, and quality requirements.
,

,

The results of the supplier evaluations are documented and filed.
.

'

C.

if required, of suppliers during fabrication, ;

SurveillanceD.
inspection, lesting, and shipment of materials, equipment and '

components is planned and perfomed in accordance with written '

procedures to assure conformance to the purchase order |
requirements.

' ,

(t
.

6

i
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E. The supplier will furnish the following records to Amersham )
Corporation when the container is delivered: j

;

1. Documentation showing which of the purchased material or |',

equipment meets the requirements in the procurement document. ||

2. Documentation that identifies any procurement requirements
which have not been met together with a description of those

; nonconformances dispositioned * accept as is* or ' repair".

F. A receiving inspection of the supplier-furnished material,
equipment and services is performed to assure:

|' 1. The material, cumponent or equipment is properly identified
and corresponds with the identification on receiving:
documentation.

' 2. Materials, components, equipment and acceptance records are-

inspected and judged acceptable in accordance with
| ipredetermined inspection procedures, prior to installation or'

)use.

Inspection records or certificates of conformance attesting to3.
the acceptance of material and components are available prior,

to installation or use. ,

'

:

4. Items accepted and released for use are identified as to their ;

inspection status prior to forwarding them to a controlled ,

storage area or releasing them for further work. |

VI!!. Identification & Control of Materials. Parts & tenoonents f
I

| * A. procedures are established to identify and control materials,
parts and components, including partially fabricated
sub-assemblies.d

. '
,

B. procedures are established to ensure th'at identification of an !

item is maintained by part number, serial number, or other i;

appropriate means, either on the item or on records traceable to
the ites to preclude use of incorrect or defective items. :

i

Identification of materials and parts iuportant to the function of ,

C.
safety-related systems and components will be traceable to the r

appropriate documentation, such as drawings, specifications,
-

'

purchase orders, manufacturing and inspection documentation,
deviation reports, and physical and chemical mill test reports.

-

The location and method of identification will not affect the fit, f~

D. function, or quality of the item being identified. |

Correct identification of materials, parts and components isE. verified and documented prior to release for fabrication, i

assembling and installation.
i

e

, .
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s

11. Control of toecial Processes*
.

O A. All special processes, such as welding, are procedurally
controlled.

B. All procedures, equipment, and personnel connected with special
processes are gus11fied in accordance with applicable codes,
standards and specifications.

C. The qualification records of procedures, equipment, and personnel
associated with special processes are established, filed, and kept
current.

X. Insoection !.

A. An inspection program which verifies conformance of quality -

affecting activit'es with requirements is established, documented ,

and accomplished in accordance with written and controlled .-
'

procedures. ;

B. The inspection personnel are independent from the individuals
performing the activity being inspected.

C. The inspectors are qualified in accordance with applicable
standards and company training programs. Their qualifications are i
kept current through continued retraining on revised procedures.,

D. Modifications, repairs and replacements are inspected in ,

' - accordance with the original design and inspection requirements or
.j acceptable alternatives.

!
E. provisions are established that identify mandatory inspection hold

points for witness by an inspector. !

i
'

XI. Test control ,

P

A. A test program to demonstrate that the item or component will
perform satisfactorily in service is established, documented and
accomplished in accordance with written, controlled procedures.

P

B. Modifications, repairs and replacements are tested in accordance
!with the original design and testing requirements or acceptable

alternatives. |

C. Test results are documented, evaluated, and their acceptability .

|determined by a qualified, responsible individual or group. ,

X11. Control of Measurina & Test tautoment ,

A. Measuring and test instruments are calibrated at appropriate '
,

intervals based on the required accuracy, purpose, degree of
usage, stability characteristics and other conditions affecting-

tthe measurement,

S. Test equipment is identified and traceable to the calibration test ,

( data.

.
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*

Measures are taken and documented to detemine the validity of
previous inspections performed when measuring and test equipment |C.*

i

'O is found to be out of calibration, ,

Reference and transfer standards are traceable to recognized
standards; or, where recognited standards do not exist, provisions |D.

are established to document the basis for calibration.
-

XI]]. Handline. Storaae and thinnine

Any special handling, preservation, storage, cleaning, packaging :
A.

and shipping requirements for Type 8 containers are established ,

and accomplished by qualified individuals in accordance with jpredetemined instructions,
:All conditions of the NRC package approval and US Department ofB., Transportation shipping requirements are satisfied prior to ',i

shipment. ' ;

C. All necessary shipping papers will be prepared as required.

The departure arrival time and destination of any Type 8 ;
.

D. containers wiki be established and monitored to a degree '
<

consistent with the Safe transportation of the package.

RIV. Insnection. Test and Boeratine Status ,
,

A. The appropriate identification of packeges as to the status of
i

(!.
inspections and testing and therefore the overall operating status
of the unit, is known by affected organizations.

The application and removal of inspection and welding stamps, and .

B.
'

status indicators such as tags, markings, labels and staws are
.

procedurally controlled.
;

The bypassing of required inspections, tests and oth6r critical
|

'

C.'

operations is procedurally controlled. ;

The status of nonconforming, inoperative, or malfunctioningD.
packages or components is clearly indicated in such a manner to ;

prevent their unauthorized use.

Nonconformine Material. parts or C-enentsXV. ,

c

The identification, documentation, segregation, disposition,A. review and notification to affected organizations of nonconforming
. materials, parts components or services are procedurally

.

l
.

controlled.I

|' Documentation identifies a nonconforming ites; describes theB. nonconformance, the disposition of the nonconformance and the
,

'

inspection requirements; and includes the appropriate approval| .

-

signature related to the disposition.

Nonconforming items are clearly segre ated from acceptable items
.

C.

' IO and are identified as discrepant unti properly dispositioned.
.

g
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i

.

D. All rework or repair of materialse parts, components and systems*

is verified by reinspecting and retesting the ites as it was
yO' originally inspected and tested or as verified by a method which .

'

' is at least equal to the original inspection and testing method.

XVI. terrective Action ;

1
'

A. The evaluation of conditions detrimental to quality (such as.
nonconformances, deficiencies, failures, malfunctions, deviations |

and defective material and equipment) is conducted to determine |

the need for corrective action in accordance with established i

procedures. |

8. Corrective action is initiated following the determination of a . )
'

-

condition adverse to quality to preclude recurrence.
'

C. Follow-up reviews are conducted to verify proper implementation of
corrective actions and to formally close cut the corrective action

-

documentation.

XVII. cuality Assurance Record

' A. Sufficient records are maintained to provide documentary evidence
of the quality and safety of items, and the activities affecting
quality and safety.

S. The 0A records maintained for Type 8 containers include
qualification of personnel, procedures and equipment; list of
nonconfotiaances; corrective action reports for nonconformances;

O( results of reviews, inspections, tests, audits and material
i

analysis; other documentation such as drawings, specifications, t
'

procurement documents and calibration procedures.

C. Records are identifiable and retrievable.
-

i

:
' D. A list of the required records and their storage locations will be

|
maintained. ,

,

:All design related records (e.g., drawings, calculations, etc.)
!| E. are maintained for the life of the shipping package and all otherl
!' records are maintained for a minimum of two years.

|

:

F. The inspection and test records contain the following where .

'

applicable:

1. A description of the type of observation. ,

L
'

2. Evidence of complet1ng and verifying a manufacturing,'

inspection, or test operation.

3 The date and results of the inspection or test.

4. Infotisatior: related to conditions adverse to quality.

5. Inspector or data recorder identification. i

O Evidence as to the acceptability of the results.6.

10 ,

,

- - - - - - - - - _ - _ _ - _ - _ . - - - - - - -



_ _ . . _ - . . . __ . _ _ _ _ _ _ . . . _ _ _ . . ~ . _ _ _ . . _ _ _ . _ _ _ __ . _ . . _ _

;o

|*
.

.. !
'

XVill. Ald111
.

I

r A. Audits are performed in accordance with pre-established written >

procedures or check lists and conducted by personnel not having
;

'
direct responsibilities in the area being audited. |

6

H. The results of audits are documented and reviewed with responsible l
management of areas audited. |

' 4

I
C. The responsible management takes the necessary action to correct ;

deficiencies revealed by the audit on a timely basis.

9. Deficient areat will be reaudited on a timely basis to verify i

implementation of corrective actions to minimize recurrence of i

|deficiencies. ;

E. Audits of the OA program are performed at least annually based on
thesafeti'significanceoftheactivityaudited. ;-

i

i
F. The audit plan includes: i

a. Purposeorobjectiveofaudit; f
i

b. scope; ,

c. Specific organizations to be audited;
i

| d. names of team members and team leader; ,

i

e. approximate schedule;
i

f. written notificati a to audited organization;
'rr g. pre-audit conferences;' j.

h. Post-audit conferences (exit interview); and ;
,

,

,' *

?
.

method of reporting and evaluating findings. ,
1.

:

i
I
t
,

0g27

t

,

'

l ,;

9

?

?

h

11

i

1
1. ,
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pCM 176
*-

Issue t-

$MER8 MAN INTEMATIONAL sie.*

International Operatione'

packagieg troup Memorandus

Turnround Maintenance for Package % 's No. 3100A

CA 3100A . package Assembly. 0A 23525
-

A. Egigg

1: Nandling of this package must only be carried out by personnel
esepetent in working with radioactive hasards and fully informed ,

about the operettens necessa,ry. If you have a Nealth physics I--
!Department it should check contamination levels en all exposed

surfaces before authorising work to continue. f
-

.

..

2: Any rectification actions necessary, other than simple replacement er |

occuring of a esoponent, must first be approved by Amersham |'
, International, Industrial Quality Assurance. ;

'

3: All rectification work sust be supervised by eenpetent-

personnel. fully senversant with requirements of the reguisticus |
governing the packaging and transport of radioactive materials and !

with all pertinent site regulaticas and procedures.

4: All maintenance documentation,i.e. inspection records, rectification i

procedure approvals and QA' records, must be kept by or returned to i

[ Amersham Internattenal. |

| 5: This document should be used as 'the basis for a checklist which will i
then record inspection as well as any remedial work. These records L

should be filed in a packaging maintenance file identifying both ,

.
!*

|
design and serial number.

!

j. , .**8. Eeulement needed ..
.

I

1: Heiet minimun SVL 4.0 tonnes.

2: Equipment and tools (see MFI 63. Apperdix 1) ;
;

i,

C. 21DfJ.Al |
i

1: Reseve outer framework and, if the flask is leaded, semplete ,

unloading operation (see MP1 63). |
'

.

[2: Check all surfaces fer sentamination. Cloan any non. fined +

contamingtion to non. controlled area levels, 484/ cat (bgta/gassa)and
;

0.48q/en (alpha), when averaged over any area of 300cm,

L

3: Remove all temporary labelling and marking. !

4: Clean all surfaces of accumulated grime and dirt. .

.f

D. {cocificr

the following items require specific attention.

MF/PCM176/2 page 1 of 4
87/11/25
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Description Oty. Defect Inspection Remedial actien :*

OSM20 !
e '

i

Flask body
,

1. Lifting eyes & Distortion Visual Note 1 |

Cracking Visual Note 2 |

2. Feet 4 Distortion Visual Note 1 |

Cracking Visual Note 2

3. Flange bolt 8 Dirty Visual Clocn \
points

4 Fins 36 Distortion Visual Note 1 '
,

Cracking Visual Note 2 |
**

S. Maintenance 1 loose Visuel Note 3 j

test plus Missing Visual Note 2 -

|..

8

1
i 6: Plug wire sesi 1 Broken Visual Replace

'

.

or missing ,

'i

I 7. Drain plus 1 Rod missing Visual Replace i'

B read dirty Visual Clean ;
'

is Visual Replace
I 8. Flug 0 ring 1

M,re , sing or

3
en

,

9. Drain tube 1 Dirty or Visual Clean carefully ;

*blocked |

10. Padlock 1 Missing or Visual Replace ,

not working
'

C19ture .
,

l

,, 11. Lifting point 1 Dirty Visual Clean .

;- .

| 12. Flange 0* ring 1 Missing or Visual Replace ;

| broken j

i 13. Flange bolts 8 Dirty Visual Clean
Distorted Visual Replace j

j D read damaged Visual Replace -

.

14. Maintenance 1 those Visual pote 3

test plus Missing Visual pote 2 ,

3
*

15. Plus wire seal 1 Broken or Visual Replace ;

missing.
i

16. Cavity purge 1 Bread dirty Visual Clean j

plug
i

17. PluS 0 ring Missing or Visual Replace '

Stoken

(, 18. Cavity purge 1 nread dirty Visual Clean'

. point Mole blocked Visual Clean

NF/PGN176/2 Page 2 of 4
87/11/25 ,
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i

Descriotion M R11211 Insonetion Remedial action* '

Huhd.

,

source holdere

,b 19. Eyebolt 1 Cracking Visul Replace

.

loose Visual Retighten,
'

20. Thin nut 1 14ese Visual Retighton
*

21. Tubes 25 Disterted Visual Straighten
Cracked Visul Replace

i

22. Assembly 1 Dirty Visul Clean
3

23. Shield disc 1 Cracking Visual Replace
i

-
or missing

j
Fallet

, i

24. General 1 Distortion Visual Note 1 :
; Cracking Visual Note 2 ;"

.

n

25. Flask bolts S Vorn or Visual Replace ,
i-

damaged; ,

1
26. Flask bolt 8 Dirty Visual Clean ,

3

| Points Throod damage Visual pote2 ;

's
1 27. Frame bolts & Worn or Visual Replace ,

idamaged
t
t

28. Frame bolt 4 Dirty Visual Clean !

{, points Thread damage Visual Note 2
|% [

Outer Fraseevork !

*29. Frame lifting & Distortion Visual pote 1 !1 ,
. . '

r eyes Cracking Visul Note 2 ,

30. Frame tie.down 12 Distortion Visual Note 1 |*
*# * *

eyes Cracking Visual pote 2

? 31. Permanent labels 4 Dirty Visual Clean !

Missing or Visu l Replace ;

d' illegible
|

-

Insecure Visual Secure

|I
32. Fadlock 2 Missing or Visual Replace

Not working :
a i

;*

!
'

.

i

!

'

i

''

. ,.
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L.* {
}sg

E. 221t1'

1: Continue usage only if handling, leading assembly and tie.devn are [

0 unaffected. Pay special attentien to leeking for cracks around !
3 distorted areas. If operetten is adversely affected, return the i'

tfleek, unloaded, to Amersham Inte nattenal ple. IPU. AEAE. Harve11,
*Omen OR11 CRC for futher inspection.

2: Return the flask, unloaded, to the above address for further
inopoetion.

3: Retighten securely and arrange to have the cavity evacuated and i

backfilled with heltun to atmospherte pressure at the earliest i

opportunity. The fissh may safely sentinue to be operated in the ,i
'

- ' interin, but will avn a few degrees better when it; is leaded. |

i,

;

|
.. >

$

|

0 i

Author:.. .T .......... Dates... .! . .Y....... .

Q{ |

, ' " ;

' Checked:..*, / .'..............Date:...$.9.'.I.2........
4

.L

; C |
;

k

!.

:'

;..
L

..

,

-
.

,

'
,

i
i

*

t.

!

.

|
,

;

I

O ,

I

l
i
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I
!

o.

' ' PCM 177 |
.

'

i" Issue 2 i

^ M 3 MAN INTERNATIONAL 91c. I, , <

;
e .

International Operations. |'

|

Packaging Group Memorandum |

\
Annual Maintenance for Package Design No. 3100A -

CA 3100A . Package Assembly. 0A 23525
A. jl,33,3,g

i

,

1: Nandling of this package must only be carried out by personnel i.

icompetent in working with r&dioactive hasards and fully inforged-

about the operations necessary. If you have a Health physics |
-

Department it should check contamination levels on all exposed
'

surfaces before authorising work to continue. t

I.

2: Any rectification actions necessary, other than simple replacesent or |$

tsecuring of a component, must first be approved by Amersham
International, Industrial Quality Assurance, j

r

!
3: All rectification work must be supervised by competent

personnel, fully conversant with requirements of the regulations !

governing the packaging and transport of radioactive materials and ,

:with all pertinent site regulations and procedures.
I,

f
4: All maintenance documentation,i.e inspection records, rectification

| procedure approvals and QA records, must be kept by or returned to |
:.. - - Amersham International.

5: This document should be used as the basis for a checklist which will i

then record inspection as well as any remedial work. These records ;-

!
|

should be filed in a packaging maintenance file identifying both *
'

!

l design and serial number.
,

f
,

' 3. Eaufonent needed
;

i 1: Heist minimum SW1.4.0 tonnes,

2: Equipment and tools (see HP1 63. Appendix 1)h
3: Helium mass spectrometer with suitable connectors. ,

C. General ;

1: Remove outer framework and, if the flask is leaded, complett i

unloading operation (see NF1 63).
,

2: Check all surfaces for contamination. Clean any non fixed :

contamingtton to non controlled area levels, 4Sg/ceI(yta/ gamma)and !

0.4Sg/cm (alpha), when averaged over any area of 300cm .

3: Remove all temporary labelling and marking.

4: ' Clean all surfaces of accumulated grime and dirt,

f]/
'

,

MF/PCM177/2 Fage 1 of 4
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9. soecifte ;-

I he following items require specific attention. f
|( Descristion , oty. Defect Inspection Remedial action

stems ;
Flask body ,

'

1. Lifting eyes & Distortion Visual Note 1
iCracking Note 3 Note 2
I

2. Feet 4 Distortion Visual Note 1 !

Cracking Note 3 Note 2 |

3. Flange bolt 8 Dirty Visual Clean ,

points Damaged Visual pote 2 p
*

i
~

4. Fins 36 Distortion Visual Note 1 .

5. Maintenance 1 gacessive Note 4 Note 2
test plug leak rate'

V

6. Drain plug 1 Rod missing Visual Replace ;

nread dirty Visual Clean f

7. Flug 0+ ring 1 Missing or Visual Replace !

broken i

j.
> .

!

8. Drain tube 1 Dirty or Visual Clean sarefully
.

blocked !
<

9. *adlock 1 Missing or Visual Replace f,

not working -

Closure
*

10. Lifting point 1 Dirty Visual Clean -

Damaged Visual Note 2 |'' -

.

.
4 ,

11. Flange 0 ring 1 Missing or Visual Replace j

.'| |
broken ,

12. Flange bolts 8 Dirty Visual Clean ;

i Distorted Visual Replace ,

'

D read damaged Visual Replace
Cracked Note 3 Replace |

,

'; 13. Maintenance 1 Excessive Note 4 Note 2
| test plug leak rate ,

l
14. Cavity purge 1 n read dirty visual Clean -

*

- plus nroad damaged Visual pote 2
.

1

! 15. Flug 0 ring stissing or Visual Replace
'

I troken

16. Cavity purge 1 n read dirty Visual Clean
'

I>
point D read damaged Visual Note 2

Hole blocked Visual clean

NP/PCM17*//2 Page 2 of 4
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,

|
i,

I
.

I Descriotion gly Dr.fec t inspection Remedial action
!!11 hts

gggg,ce holder

17 ,. Eyebolt 1 Cracking Visual Replace'

Retighten

18. Thin nut 1 14eoe Visual Retighten

19. Tubes 25 Distorted Visual straighten 3

Cracked Visual hoplace |
1

20. Assembly 1 Dirty Visual Clean |

21. Shield disc 1 Cracked or Visual Replace*

* alssing <

Fallet
|...

1 22. General 1 Distortion Visual Note 1 !

Cracking Visual Note 2 |

23. Flask bolts 8 Worn or Visual Replace '

|
dameged i

24. Flask bolt 8 Dirty Vist.a1 Clean
points

1

'
25. Frame bolts 4 Worn or Visual Replace

damaged
,

26. Frame bolt 4 Dirty Visual Clean
points Thread damage Visual Note 2

s -

Outer Framework
.

. 27. Frame lifting 4 Distortion Visual Note 1
eyes cracking Note 3 Note 2.

* .

| 28. Frame tie +down 12 Distortion Visual Note 1
eyes Cracking Visual Note 2

| 29. Permanent labels & Dirty Visual Clean
Missing or Visual Replace
illegible

Insecure Visual Secure
;

30.. Padlock 2 Missing or Visual Replace
,

Not working
.

'O
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E. 33113

1: Continue usage only if handling, leading, assembly and tie.down are*

unaffected. Pay special attention to looking for cracks around
disterted areas. If operatten is adversely affected, return the

'',' i flask, unloaded, to Amershas Internattenal plc, IPU, AERE, Harwell,
d Omen 01110RC, for futher inspection.

'

2: Return the flask, unloaded, to the above address for further
jinspection..

J

3: Dye penetrant test accordance with SS 4416, 1969 ensuring personnel I
are gustified to use this technique. j

4: 14ak testing: The stainless steel skins en the flask body and
closure provide both envirovmental and mechanical |.

protection for the depleted uranium shielding within. !
~

14ake testing assures their integrity. !"

i

a) grisure the helium mass spectrometer has been calibrated and the |; -

operator is fully conversant with manufacturer's operating ;

instruetions. j

|'

b) Reaeve the wire and seal from the plus en the flask body marked |
!' Maintenance test point'.

and eennect the helius mass spectrometer to the i

Undotheplug/4'SSPFfemale).c)
test point ( ,

I
| d) Test the pipework and connections by blowing helium around then i3

and measuring in leakage. ;;-
,

!. e) Provide a simple enclosure (a plastic bag or sistlar is !

l adequate) around the flask and fill with helium. !

I ;

| f) Measure belium in.1eakage after allowing readings to settle [.

! down. The leak. rate must not exceed 10' sta.ec/st e. If it doest *

follow Hote 2, otherwise record leak rate in the Package !.

,' Maintenance Record and proceed to.(g).

' g) Evacuate flask body and back fill with helium to atmospheric
| pressure. j

|- h) Replace plug, using new 0. ring and high temperature locktite on |
the thread. ;

i

1) Secure the plug, with a new wire and seal. ;

*
j) Repeat instructions (b) through to (1) for the flask c1,osure.

P. * Maintenance Due" label )..
,

|'

When the maintenance has been eatisfactorily completed, renew this label ;

dating it year d month twelve months ahead, j

Author : . 32.C . . . . tM. . . . . . . . . . . nat. : .V! T, t'%E. . . . . |

checked:.... 3U ..............nat.:.4.417..G........ *

O
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