b inPAR'S PROCUREMENT FOR ITS WUCTEAR PRUCHAMME — SAAMULEDS LF

oo Pi1ATS AND BOUTBMENT

T This document supplements the information vontaiped in
REVE/B3/0524 - PAKISTAN'S PROCUREMENT UFRTHORE FUR 1TS NUCLEAR
PRUGRAMME, Tt qives ewamples of the tvpes of material and
equipment which are sought by the Pakistanis for theoizr nuclear
pragramre through the Procurement hetwork. Annex A, together
with vopies vl the Figures 1-11, forme the hasis of a working
document whibh may he passed to cusioms authorities.
FLUTONTIM ROUTE

2. The Pakistani's are working to complets the CHASMA
reprocessing plant which was started by the French in 1976.

Wa believe that they still lack & fuel clement chopping machine
apd that attemptes will be made to procure this through the
Network.

GAS CENTRIFUGE URANIUM ENRICHMENT PTANT

3. The Network is still regularly heiny tasked by the Khan
Research Laboratories (KRL) Lo obtain eguipmant and components
for the gas centrifuge plant at Kahuta. <The sketch ofi a
simplified gas centrifuge in Fig 1 shows the relationship of
the main vosponents which are discussed below.

4. Rotaring Components Fig 2 shows an exploded view of the
rotating components of the centrifuge, and Figs 3-7 show indivicdual
components and the materials Lrom which they are made, The materials

used for roior construction are:

a. Aluminiom Alloy. AISI 7075 and eguivalcnts in
seamless tvbing and other forws have been socught
. through the Network. .

b. Magaging Steel. This is a steel alloy of very high
tengile strength which is particularly Suitable for
gas centrifuge rotating components, ie rotors,
beilows, baffles and end caps. Attempts have been
madc to obtain meraging steal from European and
Japanese sources sometimes usiny the Network's
intermediary ASSABA Electrical and Engineering
Establishment in Sharjah UAE. Bulk orcders, up to
60 tonnes, have beep for rough machined tuhing
{known as ‘'starting stock® or 'preforms') of various
sizes suvitable fox ventrifuge roters and bellows eg
oD 110 mm/ID t00 mm approx, o0 160 mm/ID 140 mm
approx, Grades specified Lave varied, eg 350 grade,
300 grade, but we consider {t imporiant to prevent
the mport of all yrades of maraqing steel in
either tinished component or starting stock form
unless the order is supperted by a bona=fide end
user certiticate.




5. Furgings for Gas Centrifuges. Tn addition Lo rotating
comprRFnts the Neltwerk has attewmpled to obtain other forgings
in stainless steal (eg AISL 316) and alvominium alloy (eg AISI
707%~T6) in final and semi-finished forms guoting various
disguised end uses. Dimensjons, specifications and the iarge
guant.itier demanded have revealed their true function as
componenls for gas centrifuges, A typical example of a
stainless steel forging is shown in Fig 8, Lhe ewport of which
wags suewesufully frustrated in ¥ countries.

6. tthor Cenlrifuge Componenlu. Drawings have also been
passed by the Netwark to European engincoring companies cither
with a view Lo having compenents made or as esamplcs of
workpieces to ba produced on maching tnols which the Pakistanis
intended to oxder for indigenous preduction of centrifuge
cowponents. Examples are:

Top Barfle

Rottom Dampez Housing

Top End Cap

Bottom Hnd Cap

Magnet Covers

Fearing Support Springs
Waste and Product Scoop Tubes

Buguiries have also been made for ring magnets (OD 53 mm,
thickness 0 mm) and bottom bearing balls ond spindles.

T Static Freguency lnverters. Séme inverters (ie frequency
changers), suitable for controlling the speed of gas centrifuges,
were obtained frem a UK manufacturer in the 1970's through the
Special Woxrks Organisation (SWO) at Rawalpindi. Subsequently
exiport controls were placed on inverters ‘capable of multi «phase
electrical output of betwsen 600-2000 Hz and parts, components
zud sub-assemblies thereof.' Arising from this KRL began
indigenons production of inverters, but to achieve this, and Lo
mainlain them in operation, there is continuing demand through
the Network for a wide range of cleclronic componants sowe of
which, such as certain types of thyristors, are subject to UK
export controls. ’

NUCLEAR EXPLOSTVE DEVLCE DEVETOPMEND AND FRODUCTION

B. In late 1981 inecontrovertible evidonce became available that
KRL was engaged in the developmeni and production of nuclear
explosive devices of the implesion type. O:ders for some of
their wajor compouents ware plared, through XRL's procurement
agents, on several Europedn companies who were asked te provide
thew in finished form to clasc dimensicnal tolerancus or as
semi-finished forgings and castings.

8. The major compenents of implosion typr dovices are characler iscd
by their sphrerical shape, the mefalljc items and the conventional
cxplosive charge being in the Lozm of eoncentric hullow shells.

An example is chown in FPigure 9, whilst Fig 10 shows the approximate
form of a plale, ¢ number of which are located around the ounter Face
of the explosive chasyo.

B i am:e-







10, _hlat_a_;__ag_u_u‘._gg_herr:a and Dishe_q_PlatesL. The shells ang plates
have beey reguested in boch alvminiug alloy and gtee] with radii
and thickness varying respootively from aroung 200 mm - 1000 my
and a few Dillimetrey ta Several tens of mj Vlimetres, Material
specifications and tolerances have alse varied widely, Somwe have
been requesteq as rough Torgings ang Others ip completed form ta
bigh leovels of maching 4CCuracy and supface Finish., mhe aj shed
Plates, shown in Fig 10, were Taguested as aluminium forgings. Lor
subseguent machining to contours specifieg in conrdinste tables.

11, ConvenLitgiat Ordnance , Attempte haye 2150 bren made to
obtain high quality detonators ang s POWEX supply sysiem for
firing them. We beliave thal Furthe; Somponents of Conrventional

12, nHigh S}ltggcl_gamerag_a_nd Flash X—Ray_ﬁ;ﬂ_ig'mggi. High speeq
cameras, flash *-ray equipment (15-20 Muy source, 4000 radg per
Pulse gt ] metre) and other diagnosti, fquipment fay monitoring
vVery fast traneiwsnt @vents have also hecp sought by several

13. _l}l_eutmr!__g;enerators._ There have peey recunt attompts through
the Network o obtainTre_’utrm; generalors froy Furopean sourcesg.

An example of 2 noutrop generator is shiown in Fig 11, Neutron
gencratorstubes are Sought by the Neyw Labs group working on the
inplosion devi Ce.  Although it is likely thap they only require

the tuhes, they arg Prepared to purchasc whole systemg, inclugi ng
electronie COnLrol and heaq UNits, in order to acquire thep, - The
UK controls eXport of "Noutrun—gcneratm: 8ystems, inc’tuding tubes,
fesigned for operation without 4n external vacuuy System ang
utilising electrogtatic aceeleration po induce g (pj§ trium-deuteriug
nuclear téaction,' and we Uge you Lo he ap the lookout for attemprs
by the Pakistan Procurcment Network to ohiajn these dovieos.

MACHINE TOOLS awp QUL PMEN

18, Frustration by supplier countries of componcents regnired for
the unsalegnardeq elegents of Pakistan'e nucleay Programwe hag lecg

agrecd to contral then, are toole 4ng Sguippents or pares of them,
including tertain jigs and fixtures, which are designad Specificaily
lor Lhe aanutacture af the ahove ment Loned Components.  Yheen items
COVEr a very wide range and gre difficult to idontify since Lhey
ineluge, s <t one end of the Scale, tiwtures such as Epecially
designed expanding mandrelg for holdling Centrifuge rotey tubag

during the machin ing Protesses, ang at the othar cumplete flnw—fm;ming

Machines having drive motors exceeding 8D horsepowe.r.




i%, You will apprrciate fram the foregoing that induslzial ang

(_commercial compunies conld well become thmwwm\

.y

e

authoritics for provivion of matcrials in bulk or semi-manulactured

{orw;Tor equipment or tomponents reguired for their puclear

weapons pzojects. Approgches arc likely to be made throwgh the

world wide Procurement metwork quoting disquiscd end uses and
destination a Ssec, Types of company, i,rrewenr.iv%,
most subject to approach weould be:

4. HManufacturers and suppliers of special nun-ferrous

alloys and steels in stuck forms or us purpose-wade
forgings;

b. Presision engineers providing high speeificalion
nachined parts Lo order;

€. Manulaecturers and suppliers of convenl ional
explosives and assoviated devices;

d. Manufacturers and suppliers of clectronie control
and nucleonic eguipment;

#. Manufaclurers and suppliers of Precision machine
tools and accessories including computer numorical
control {(CNC);

f. Manoufacturers and cuppliers of Ligh speed photography
and x-ray equipment .

16. It is of course recugnised that many of the materials and
equipwents which the Pakistani authorities seek are difficult

to identify cspecially by unsuspecting suppliers who frequently
do not know ~ herause they have not been told or have been given
o lalse description - the true end use. Expavience has revealed
however Lhat attempts {o evade controls can be frustrated it the
potential suppliers are made aware that Lhey may become targets
of deception. Corsiderable suscess has been achieved by:

a. Forewarning compuanies of Lhe likelihood of approach
by Pakistani authoritjes or by agenciesn of their
Nelwork, and seeking thejr Gooperation in keeping
the rolevant authorities informed;

b. Cross-reflvrencing by Customs ‘Ruthorities of all
materials and equipments which could have a
nuclear and use to addresses of cusLomers and
intermediaries used by the Welwork;




i

10P SCOOP—

- ST o AR SRR
FIG 1 = SIMPLLIFItb GAS CENIRIFUGE

»~ WASTE

PRODUCT

-~ WAGHETIC BFARING
&
DARPING ASSEMBLY

[™ROTATING BAFFLE

¥‘~aai£cutnﬂ PURP

BELLOWS

@ ; s
CASING—] i_
ROTOR ~—
——p
& v
BOTTOH SCOOP

STATOR

ALL BEARING £ BOTTOM
DAHPING ASSEMBLY

ARIAATURE

g r POWER
SUPPLY




. + R L5
. g 7 - ROTATInG COMPONENTS OF 4 gas C[NTEHFUGE

_——
l@‘z—" Annular oy Mringt nagnet
@'@r—- Pole-piece or ring magne

Top end- cap Z»@

=
&=

o "52__ Top baff{le

Ro tn; >
S&Ction

7’ } L= ellaws

= — Motor armatyre Plate

s A

Bearing cup

T




Fig 3

GAS CENTRIFUGE ROTATING COMPONENTS ;
Rotor Tubes/Rotor Tube Sections

M)

-

= Thin cylinders manufaoctured
. to density rotio materials;

Maraging stesi {Erade 300 or over)

High strength aluminum alloys (AA 7076, Hn-8a,

from high strength

etec.)

+ Typical dimensions (finished 0r semi-finished forms),
Wall thickness - 174 inch or less
Diameter - 3 inches - 16 inches
Length/diumete( ratio: 4 or more

e s




Fig &
GAS CENTRIFUGE COMPONENT:

- ings or Bellows

s Components specially designed or prepared to give
localized support to the rotor tube or to Join
together @ number of rotor tubes and monufacturcd
from one of the high strength to density ratio

_ matericls:
Maraging steel (Grode 300 or over)

® ‘ High strength aluminum alloys (AA-7076, HD-89)

« Typical dimensions (finished forms):
Wall thickness - 3 mm or less )
Diameter - 3 in, te 16 in. :

Length/digmeter rotio - ¢.0. 1/3




Fig 5

GAS CENTRIFUGE ROTA{IHG COMPONENT:

Roffle

(U — SR

Sectional View

. Top View

Components specially designed or prepared to isolate

the toke-off chomber from the main separation chamber
and, in some cases to create the UFs gas circulation

within the rotor tube: manufactured from one of the

high strength to density rotio materiols:

Marooing steel (Grade 300 or over)
High strength cluminum alloys.(AA-?U?B, HD-89)

= Typical forms:
Disk shaped components
Diameter: 3 in, to 16 in.
Peripheral Iip:' 142 to 2..in,

R T e e 3




GAS CUELNTRIFUGE ROTATING COMPONENTS:
TOP AND BOYTOM END-CAPS

& Top Cap Battom Cap

* Components specially designed or prepared to contain URg

. within the rotor tubc, and in some cases to suppurt an
element of Lhe upper bearing (top ¢ap) oT to carTy the
Totating element of the motor and part of the lower bearing
(bottom cap); normally menufactured from high streagth to
density ratio materials: S

Maraging steel (Grade 300 or over)

-Hich strength aluminum alloys (AA 7076, HD-89, ere.)
» Typical forms:

Nisk shaped components

‘ Diameter 3 in. to 16 in.
. ) Peripheral lip: 1/2 in. 1o 2 in.

T R
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GAS CERIRIIUBE COMPONENIS:
BEARING/DAMPER

01l filled
— cavity

Bearing/Damper ;

Specially designed or prepared bearings comprising a
pivot/cup ossembly mounted on a damper using oil as
the_domping medium.

Typical Bearing Dimensions:
Ball diometer: 174 in. to 3/8 in.

-
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EXAMPLE GF SPHERICAL SHELL

Qutside dia. approx 425 mm
Inside dia. approx 400 mm
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Electronic Control and
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PAKISTAN'S PHOCURMMENT FOR ITS NUCLEAR PROGRAMME

MWEN A - SUCGESTED EXTRACT TOR USE BY CUSTOMS AUTUCRITIES

i. It is known that Pakistan is actively engaged in the
construction of yas centrifuge planlys required for the
production of nuclear woapons grade highly enriched uranium
and in the development and construction of nuclear explosive
devives, To facilitate this, Pakistan have at ithwelr disposal
an effective and widespread netwnrk for ithe procurement
aovrrscas of eguipment, componenis, materials and services
required for these programmes. Not surprisingly, the end
uses, and destinations, of goods acquired through this
Procurement Network are usually disgueised.

2. In the Interestu of puclear weapons non-proliferation
it 46 imporLant they we act to frustrate the export of
such materials, destined iwr Pakistan, through our ocutlets.

3. There follows:

a. A list of sapply addresses known ta be used by
Pakislan for its nuclear programwe;

b. BAn illustrated list of examples of materials and
equipment which Pakistan has sought from overseas
for its nuclear programme.

ADDRESEES

Special Works Organisation (SWO)
169 Ritson Hoad

westridge y
Rawalpindi @ fl
&
Civil Works Oryapisation {(CWO)

e

PO Box 368
Rawalpindi : ——

The Directovate of Training
) Hox 1345

Ilouse No iA

Fark Road

F8/2

istamahad

The Mirectorale of Industrial Auvtomailion
{ulsv Instituvte of Industrial Automation)
PO Box 1384 and PO Box 502

House No 12
Street 30
K8/

Islamabad
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The Dircctorate of Technieal Fguipment
PO Box 1153 and 1331

Housc No 2

Street 32

¥8/1

Islamabad

Quaid-I~-Azam University
PO Rox 502
Islamabad

Ahmed International Fruipment Co Ltd
Fort View

Preoegy Street

Karachi

Asian Chemical Tndustries
¥-123

SITE

Mauwr ipur Road

Karachi

Astro International

Azam Trading Corporation
26 Bihar MHS
Raravhd

Bestfriend
Tahore

Bibojee Services Ltd
3rd Floor

Nelsons Chanmbers

11 Chundrigar Road
Karachi

Chemech Engineering Ltd
Telamabad

Ceombi International
House 8

Street 33

F1/1

Tslamabad

Electro-Nuclear Corporation
1sL ¥loor

16 Hazi Chamberxs
Bahadurahah Zafar Road
Karachi

Fab-erector
Rawalpindi




Faroog Enterprises
135-23 Kashmir Road
Kuzshid Plave
Rawalpi

rFarcog Silk Mills

Karachi

hrshad, Amjad and Abid Lid
Arshad International
A F Tndustrics

PO Box 502
Rawalpindi

8-34 SITE
Mavripur Read
Karachi

Haji Ahmad Bros

1/35 Al-Yusuf Chambers
Shahrah Liaguot
Rarachi

Ahmad JBFIFAR & Co ItAd
3B Harley Strect
Rawalpindi

K N Chemicals
B Box 1286
Islamabad

Manstock Engineexing Co
100 Farid Chambers
Abdulla Haroon Road
Karachi

N & Enterprises Trading Co
Karachi

National Engincering Services (NESPAK)
State Life Building

1 The Mall

Rawalipindi

Northezn Traders Lid
26 Napier Road
Karachi

Pakistan Chemical Company
Houre 24

Strout 27

Fi/1

Islamabad




Pakiand Corporation
Mchbooh Chanhers
abdullah Haroon Roa

reial Yrading Co Lid

Punjab Fertiliser Company
0 Box 716
Rawalpindi

5 J BEnlerprises Ltd
15 Block 14

Super Market

Fb6/3

Islamabad

§ J Enterprises Lid
37-B Schecol Road
¥8/3

Islamabad

5 J Enterprises Ltd
124 Cotton Fxchange Building

Chundrigar Road
Karachi

5 J Enterprises Tid
10 Wwahbat Road
Lahore

Salateen Syndicate T.t@
EasLern Hank Building
Chundrigar Road
Karachi

Salcem and Sons Litd
Pak Chambers
7 West Wharl Road

Karachi

Saleem and Sons Ltd
2 Razar Road

Gb/a
Islamabad

Sajeem and Sons Lid
15-o/1 Culberg 111
Lahore

Samina T4
Karachi




Sayyadain LLd
Karachi

Shah Nawaz Ltd

Sibtain Bres

43=48 Chafur Chambora
Victoria Read
Karachi

Technical Fabricators

M Wasiullah & Co
731 Mchoammadi House
Chundrigar Road
Karachi

#clin Ltd
M A Jinnak Road
Karachi

Bin Belailah Fntorprises
PO Box 11213
Tubai

Khalid Fassim Gencral Irading Eslablishment
PO Box 10581

beira

Dubai

Boodal Yrading Company
Khalif a1l Arabi Street:
PO Box 1287

Safat

Kuwait

Ansaha Blcoctric Bsiablishwent
PO Box 6956

Sharjah

UAE

MATERTALS AND EQUIPMENT

PLUTONIUM PRODUCTION

Fuel element chopping machine

HIGH ENRICHED URANIUM PRODUCTION

4. Gay Centrifuge Components TFigs 1-7

Rolors
Ballows
Top and bottom end caps
haffles




NUCLEAR

Bottom dampar housing

Buttow bearing needles and balls
Bearing support springs

ring wagnets

Magnet covers

Waste and production scoop tubes

Materials lor Gas Centrifuge Production

Aluominivw alloy (RIST 7075 and cquivalents)
Maraging steel (all grades)

Usually sought in form of 'starting stock' oz
‘preform'. Typically reugh machined tubing
suitable for rotors and bellows. Sizes ta watch
for oD 110 mw/1D 100 mm apprex, OD 160 mw/ID

140 approx ,

Forgings in stainless stewl (AIST 316 or 304)
aluminivm alloy ({ALEI 7075)

Watah for shapes and@ sizes which could be semi-
manufaclures for centrifuge components - freguently
(but not neccssarily) sought in large mumbers —
hundreds, thousande,

Eguipment for Gas Centrifuge Productiom

Tools and equipments, or accessories, designed
specifically for the manufacture of centrifuge
components, eg:

Expending mandrels for holding centrifuge rotors
during machining process

Flow forming machines having drive motors
axceeding B0 horsepower {59 kw}

Equipment and Components for Centrifuge Plant Control

Frequency changers (inverters) capable of multi-phase
electrical output of betweon 600-2000 Hz and parts,
components and sub-azsewblies thereof.

EXPLOSIVE DEVICE DEVELOPMENT AND PRODUCTION

Metal Hemispheres and Dished Plates Figs 9-10

HDemispherical shalls )
Dished plates which, in gquantity, €an boc labricated
into hollew spherical form,

Malerials may be aluminium alloy or steel.

Radii vary and cxamples have heen bolween 200-1000 .,
Thicvknesses have varied between a few millimetres and
tens of millimetres,
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b. Conventicnal O:sdnance

Detonator s
Detonator circuit power supplies and control eguipment

€. Neutren Generatovs Figill

Neutron generator syslems
Newlron generator tubes

d. Nagnostic Equipment

High Specd cameras
Flash s—ray equipment {cutpul voltage greater than 500

ACTION TO BE TAKEN

kv)




