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INFORMAT'ON CIRCULAR and RUSSTIAN

COMMUNICATIONS RECEIVED FROM MEMBERS REGARDING THE
EXPORT OF NUCLEAR MATERIAL AND OF CERTAIN
CATEGORIES OF EQUIPMENT AND OTHER MATERIAL

1. The Director General has received letlers dalod 3 September 1990 {rom
the Resident Represcentatives Lo the Agency of Australia, Canada,
Czechoslovalkia, Dermark, Finland, the German Dewscratic Republic, the Fedoral
tapublic of Goermany, Groece, lungary, Ireland, Japan, Luxembourg, Mo

Nelher lands, Norway, Poland, Sweder, the Union of Soviel Socialist Republics,
Lhe Unilted Kinagdom of Grealb Britain and Northoern Ireland, .and the United
Stales of America concerning Lhe caommitments of these Member Slaltes under
nrticle L)L, paragraph 2, of the Tlreaty on the Non-Proliferalion of Nuclear
Weapons .

2. The purpose of the letters is to consolidale and clarify the informalion
contained in documents IMFCIRGC/209/Mod.1,2,% and 4 inlo a single documenl and
to provide infarmation on the functioning of the "Zangger Commitlbtee', also
known as the "Nucloar fxporlaers' Commibtoe”, with regoud Lo the conmmiiments of
the Commitiee’s mambers under Article V11, paragraph 2, of thoe Treaty.

3. In Lhe light of the wish expressed at the end of sach lelbter, the lext
of the letlers is annexoed herelo.
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Annex

LETTER

T have the honour to refer to [relevant previous communication] in which
Lthe Government of [Member State] informed you that it had decided to act
in accordance with certain procedures in relation to exports of nuclear
material and certain categories of cquipment and other material which
you circulated to all Member States of the Agency as document
INFCGIRG/209, and to [relevant subsequent communications] informing you
of its desire to clarify certain items described in the Annex
"elarification of Ilems on Lthe Trigger List® to Memorandum B and
circulated as documents INFCIRC/209/Mods.1,2,3 and 4.

Tn the interests of clarity it has become desirable, in the view of my
Government, to consolidate these communications, without change in their
substance, in a single document a copy of which is altached hereto.

As hitherto, my Government reserves to itself the right to exercise
discretion with regard to the interpretation and implementation of the
procedures set out and the right to control, if it wishes, the export of
relevant items other than those specified in the aforementioned
attachment to this letter.

I should be grateful if you would circulate the texl of this letlier and
its attachment, together with the appended background paper, to all
Member States for their information.
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CONSOLIDATED TRIGGER LIST
MEMORANDUM A

i. INTRODRUCTION

The Gaovaernment Sas had under consideration procedures in relation o exports of nuclear materials in the
light of its commament not to provide scurce or special fissicnabte matarial to ary non-nuclear-weapon
State fc- peaceful purposes urniless the source or special fissionable matarial is subject te safeguards
under an agreement with the Internaticr a! Atomic £nergy Agency.

2. DEFINITION OF SOCURCE AND SPECIAL FISSIONABLE MATERIAL

The Asfinition of sour~z and scecial fissionable material adcpted by the Goverrmant shall te that
contained in Article XX of 2ha Agency's Statute:

(a) "SOQURCE MATERIAL®
The ter— "saurcs material” mea=s uranivm containing the mixture of isotopes cccurring in nature:
uranium “znieted in the isctope 233 thorium: any <f tha foregoing in the fsr of metal. alloy.
chemical ccmpound. - concertrate; any cther Material containing one or MmTrR of the foregaing
in sueh con~e~tration as the Board of Governors shall from time to time getermung; and such
other mara-iai as "he Board of Governers shall frem fimea to tirme deter™ne.

'§s) TSPECIAL FISSIONABLE "MATERIAL®
i} The ‘srm “special fissionable material” means piutcnivms 2380 urzmium-2330 uranium
enriched in the isotope=s 235 ~- 233: any matenai cocriaining cna o7 more of the forecongr 27~
such other fissicrable material as the Board of Governars gshall from time [0 time dete ™ring; but
the term ‘special fissiznat'e Tatenal” does nct inctude source Tatarial

i) The term "urarium erriched in the isotzces 225 or 223" means uramum containi=g e
isotccas 235 or 273 or both in an amcunt sucnh that the abundance ratic of the sum of these
isctopes to the isotope 238 is greater than the ratio =f the isciope 2235 02 the is7ione 238 occum™ng
in nature.

3. THE APPLICATION OF SAFEGUARDS
The Goverrnment is solely corcerned with ensuring, where ralavant, *he anrplinztion of saleguards in

non-nuclear-weap~n States not marty o tha Treaty 2n the Nen-Prolferation of Nucisar Waapor‘s (o’
with a view to craverting “fvarsion of the sareq..zarc!ec‘ nuctear M3 Bl’i&] from peacstul purnoses 1o nuciesy
weapcrs or other nuclear explicsive devices. If the Gaovernme

fisgionable material for pceaceful purscses to such @ Sm* it wil;

(a) Speci¥y to the racinient State as a ccorndiion of supphy, that the s

material, or spacial fissicnahle mataria! proguced in or by *he use o
~uciear weapom or otter nuctear explosive devices: and

(b)  Satisfy =seif that s
accordance with e safed:
in questicn

afe guaz‘: to that end, under an agresment with ‘he Agency and in
vards system, will be anpiied to *he source or sgpecial fissionabie materiat

4. DIRECT EXFORTS

In the case of direct exports = source ar sgecial “ssic~able material to non-nuciesr-weapon $S13723 not
party to the NF™ thes Goverrmert will satisfy itself. tefore autnorizing the export of the rmaterial in
guestion, that such material will Se subject to a safeguards agreement w: ith the Agercy, as soon as the
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recipient State takes over responsibility for the matenal. but no later than the time tha material reaches its
destnation.

5. RETRANSFERS

The Gaovernment. when exporiing source or special fissionable matenal to a nuciear-weapon State not
party to the NPT, wil require satistactcry assurances that the material wiil not be re-exported toc a
non-nuclear-weapon State not party to the NPT uniess arrangements correspanding to those referred to
above are made for the acceptance of safequards by the State receiving such re-export.

6. MISCELLANEOUS
Exports of the itams specified in sub-paragraph (a) beilow, and exponts of source or special fissionable
material to a given country, within a period of 12 months, below the limns specried in sub-paragraph (b)
below. shall be disregarded for the purpose of the procedures described atove:
(a) Plutonium with an isotopic concentration of piutonium-238 exceeding 80%;

Spec:al fissionable materiai when used in gram quantties or l1@ss as a sensing comganent in

instruments; anag

Source material which tha Government is satisfied is to be used only in non-nuclear

activities. such as the proguction of ailloys or ceramics:

(b) Special fissionable materiai 50 effective grams;
Natural uranium 500 kilograms;
Depletad uranium 1000 kilograms: and
Thorium 1000 kilograms.

MEMORANDUM B

1. INTRODUCTION

The Government Fas had under consideration procecures in reiation to exports of certain categories of
equipment and material, in the light of its commmrment nat 1o provide equipment or material espacially
designeg or prepared for the processing, usa ar production of special fissionacie maierial 1o any non-
nuciear-weapon State for peaceful purposes. uniess the source or special fissionacte matearial produced,
procassed or usad in the equipmert or matsrial in guestion is subjec: to safeguards under an agreement

with the International Atomic Energy Agency.

2. THE DESIGNATION OF EQUIPMENT OR MATERIAL ESPECIALLY DESIGNED
OR PREPARED FOR THE PROCESSING, USE OR PRODUCTION OF SPECIAL
FISSIONABLE MATERIAL '

The designation of tems of equipment or material especiaily designed or prepared for tha processing, use
or production of special fissionabie maternal (hersnafier reterrea 1o as the “Trigger List”) adopted by the
Gaovernment is as iollows (quantitiss below the leveis indicated in the Annex being regarded as

insignificant for practical purposes):

2.1. Reactors and equipment therefor {see Annex, section 1.);
2.2. Non-nuciear materials for reactors (see Annex. section 2.};
2.3. Plants for the reprocessing of irradiated fuel elements. and equipment espectally designed

or prepared therefor (see Annex, section 3.);

2.4. Plants for the fabrication of fuel elements (see Annex. section 4.);



2.5. Plants for the separation of isotopes of uranium and equipment, other than analytical
instruments, especially designed or prepared therefor (see Annex, section 5.);

2.6. Plants for the production of heavy water, deuterium and deuterium compounds and
equipment especiaily designed or prepared therefor (see Annex, section 6.).

3. THE APPLICATION OF SAFEGUARDS

The Government is solely concerned with ensuring, where relevant. the application cf safeguards in
non-nuctear-weapon States not party to the Treaty on the Non-Prciiferation of Nuclear Weapons (NPT)
with a view ta preventing diversion of the safequarded nuciear material from peacefut purposes to nuclear
weapons or other nuclear explasive devices. If the Government wishes to supply Trigger List items for
peaceful purposes to such a State. it will:
(a) Specify to the recipient State, as a condition of supply, that the source or special fissionable
material produced. prccassed or used in the facility for which the item is supplied shail not be
diverted to nuclear weapons or other nuclear explosive devices: and

(b) Satisfy itself that safeguards to that end., under an agreement with the Agency and in
accordance with its safeguards system, will be applied to the source or speciai fissionabie material
in guestion.

4. DIRECT EXPORTS

In the case of direct expors to non-nuclear-weapon States not panty to the NPT, the Government will
satisfy itself. before authorizing the export of the equipment or material in gquestion. that such equipment
or material will fail under a safequards agreement with the Agency.

5. RETRANSFERS

The Governmert. when exporting Trigger List items, will require satisfactory assurances that the items will
rnot be re-exported to a ncn-nuclear-weapon State not party to the NPT unless arrangements
corresponding to thcse referred to above are made for the acceptance of safeguards by the State

receiving such re-export.

6. MISCELLANEOQOUS

The Government reserves to itself discretion as to interpretation and implamentation of its commitment
referred to in paragraph 1 above and the right 10 reguire, if it wishes, safeguards as above in relation to
items 1t expor:s in addition to those items specified in paragraph 2 above.



1.

i.1.

1.2,

1.4.

1.5.

ANNEX
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(as designated in Section 2 of Memorandum B)

Reactors and equipment therefor

Compiete nuclear reactors

Nuclear reactors capable of operation so as tc maintain a contrclled self-sustaining fission chain
reaction, excluding zero snergy reactors, the latter being defined as reactors with a designed
maximum rate of prcduction of ptutonium not exceeding 100 grams per year.

EXPLANATORY NQTE

A "nuclear reactor” basically includes the itams within or artached dirsctty to the reactor vesssl. the aquipment whicn
centrais the levat of powsar 1n the cors, and the coMconents wiich normally contamn or e2ms in direct contact with or
control the gnmary cooiant of the rsactor core.

it is not inzenceq to exciuge reactors which could reasonasly ba capabis of modification to produce significantly more
than 100 grams of piutonium per year. Reacicrs des:gnad for sustaned Qperauon at significant power leveis.
regaraiess ot thewr capacity {for giutcmium DroQuctian. are nNot CSnIdareg as '28/0 ereTgy rBACIOrs”,

EXSCRTS

The export of the whole set of major ‘tems withia this boundary will taks plgce orily in accordancs with the procsdures
of the Memorandum. Thoss ingdividual items within this funcucnally defined bounaary whicn will be exportad anly In
accarcznce with s procaqures of the Memgarandum are listad in paragraocns 1.2. to 1.7, Pursyant 10 paragrapn 6 of
the Mermarancum. the Governmant raserves to itseif tha ngnt to apcty the procedures of the Memorandum to other
itams within &8 tunsticnally cdefinse boundary.

Reactor pressure vessels

Metal vessels., as complete units or as major shop-fabricated parts therefor, which are especially
designed or prepared to ccridin the core of a nuclear reacticr as defined in paragrapn 1.1. above
and ars capabie of withstanding the ccerating pressure of the primary coolant.

EXPLANATCRY NOTE
A top olate far a reactTr pressure vesssi s covered Dy item 1.2. a8 a major shoo-fabricated o ar of a pressure vesss!.

Reactor interrals (eg sunport columrs and clates for the cose and other vesssl nternals. control rod guide tutes
thermar sie:cs Lattas. ccre gnd plates. arttusar prares. etc.] are norMally suppled Oy tha ~#asr suonher. N some
cases. certain :mtemal suCcoant cocmoonsents dra ncruded n the fabncanon of the prescure vsssei. These tems arg
sufficiantly cnncal ta the satsty and rakiability of “he operanan aof the reactor {anc, therstora, 10 the guararrags and
liabiiity ot the reacter suoclier), S0 that shew supply, outsids the Lasic supply arrangamant for the reaacior tseif. wouid
not De common practice. Therefors. atthough the separate supoty of thess uicue. sspecaliv ¢23idned and Orsparsda.
critical, large ancg excenuve items woutd not necessanly be corsidersd asg falling outside s 3rea of concern. such 3

mecce of SuCCly is consicared untikety,

Reactor fuel charging and discharging machines

Manipuiative equipment especially designed or prepared for inserting or removing fusl in a
nuctear reac:cr as defined in garagraph 1.1, above capabls of on-load operation or employing
technically scohisticated positioning or alignment features o allow ccmplex off-load fuelling
operations such as these in which direct viewing of or access to the fuel is not normaily available.

Reactor controi rods
Rcds esnecially designed or prepared for the centra! of the reaction rats in a nuclear reactor as
defined in paragraph 1.1. above.

XPLANATZRY NOTE
This ‘tam incluces. In addition *= *he NeuTon aSSCOrTIiNG Part. "8 wpnEor Of SUSPSen o cructures therefer f supplied
sscaraisly.

Reactor pressure tubes

Tubes which are especially designed or prenared to contain fuet slemerts and the primary coolart
in a reactor as defined in paragraph 1.1. above at an operating gressure in excess of

80 atmascreres.



1.6.
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Zirconium tuhes
Zirconium metal anc alloys in the form of tutes or assemoplies of tubes, and in quantities

exceeding 300 kg in any period of 12 months, especiziy desigred of prepared for usa in a reacics
as defined in paragraph 1.1. abcve, and in which the reiation of hafnium to zirconium is iess than

1:500 garis by weignt.

Primary cootamt pumps
Pumps especially casigred or prepared for circulating liquid metal as primary coolant for nuciear
reactors as defined in paragragh 1.1. akbove.

Non-nuclear matenals for reactors

Deuterium and heavy water

Ceutarium, heavy water {[dewearium cxide, and any cther cauierium comecund in which the ratio
of dsuterium :o hydrocgen atoms exceecds 1:5000 for use in a nuclear reactsr as Jdeined in
paragraph 1.1, above in guantities exceeaing 200 kg of delierium aioms for any one recipient
codntry in any ger.cd of 12 monins.

MNuclear grade graphite

Graph:te having a purn:?r lgvel Detter than § pans per million Scron equb.c.gnt and with a gensiy
greater than 1.50 g/em” in Quantities excseding 3-10* kg 33 metiric tong; for any one recipient
country in any perica of 12 montns.

RPlants for the reprocessing of irradiated fual elaements, and equipmeint
cespecially designed or prepared theretor
INTRCCUCTORY NOTE

Flesrocesaing radialed quc.edr (usl 360A/AI83 DILISHILGY AN Lianum from intensey rac.casuve fission procoacis and
other trarac are siamears. Different (zonrucal pracsasses can acil,nCush NS sepaialan. HOwevel, gver e yoals
Pursx has Cacding e MOst SIMmonly L3es and Accsnisc IATIaIel NUCIBSS

muoture of HiSLnyy proesENate 1 &0 erganic dillusnt.

Purex faclities navs procsas funcucne $inidar 19 2agn other, Inciuding: radiaied ruer @lemsnt chooziag, fuel
QISSCILLOM, solvent AXTFACTOoN., &nd EIGosss HGuo! 107age. Ther® may &is0 D@ aquigment or thermas dermitauon of
JraMmUIm nigsal@, SoOnversion of pluicmuwm mvas 10 caudes of metar and Y eadnent of lissien Prednct walle (G«ar to a
tarm switasie for long (e StOrags OF Ciipesal. Fowever. thg speciic fype and Scnnguratusn of me 2guipment
pecarnng mene fUnotans may cifer Setwean Purex JARINeS TOr Several (943008, WICiuAINg e yps ana Juanuty of
BrACIALeG DuSigRr fual 10 Ue (epiccuited and e niendad Cisgoiucn Of e rBcoversc Matdiais, and e salaty and
AN ANca SiCEcEny SNCRIDoTAISS 06 e Sesign of the facity.

esmng of uradiaied ‘uo al&MEN!s”, INGUIEs e squioment ang 2omuc
20ME IR SICect CONLACI WIEN ang difecTy controi the «radiaisd fuol and i@ Mo nusiesr Mm&le
DrocsSaLng ST sams,
Triose procassesd, NGLSNg Nis Comimdhe ayslems for DILIomuM 2CNvAracn and JILIoMUIm Metal producton, may o2
danries By 118 Measurssd laken 0 avoid enbcaily (8g BY §esmeny), JAQaNcH 9xPoiurs g Dy shislging), sna e=Iot
FAZAI S 95 DY sontanumernt).

EXPORTS

The sxport of the whoie 361 6f Mol ITems widiun g SOUNCAry wiit 128 Q.ACS Sdny I ZUal 2008 with the procelurss
of the vesnorancuii.,

Hems of squismant hal are consicerad o 1ai within the meaning of tne pnrase "and squinment

ssriecially gesignad or piepared” for the reprocessing of irradiated fuel eigiments inciude!
irractialed fuet sienient chopping machinegs

INTROSUCTORY NOTE

This agqu:pment Dreacies e claading of the 'usl 10 expose NS WIAC:AI8d NUGIGH MaLsr.ai tQ GiSa0iuudn. Sapasiaiy
’.".Ec&igzlﬁd Matst JLiling SNews are e MmLsl SoOMMOoNly eMpDIoyed, 2NoLghn dvancen eguiement, U a3 lazais. may
be useaq.

Remctely operated squipment sspeciaily designed or prapared for Lsa in a reprocessing plant as
identitied zbove ang inizndec (0 cul. chop or shear irrad ated nuctear tue assamoties, bundies or
rods.



3.2.

3.3.

3.4.

3.5

3.8.

Dissolvers

INTRODUCTORY NOTE

Cissolvers ncrmatly recsive '8 chcopsd-up scant fuel. in these crtically sate vessais, the irradiated nuciear matsrial s
digsolved 18 nitic acic and he remaiming hulls removed from the process sirsam.

Critically safs tanks (eq smail diameter, annuiar or stab tanks) especially designed or prepared for
use in a reprocessing plart as identified above, intended for dissalution of irradiated nuclear fuel
and which are capable of withstanding hot, highly corrosive ligquid. and which can be remotely
loacded and maintained.

Solvent extractors and solvent extraction equipment

INTRODUCTORY NOTE

Solvent extra=icrs both rece-ve the solution of irradiatec fusl from 'he disselvers and the organic solution which
saparates ‘ha uranium, plutcrium, ana tismon orocucts. Salvent extrachcn aquipmsnt 8 ncrmally designed o mest
3'nct operanng paramstert suzh as long Scerating lifatimes with Ag mMmamnTsrance requirements of acaptability to easy
raptacsamant simplicity of oparaucn and contrcl, and Hexibility for vanations in grocass conaiigns,

Especially desigred or prepared solvent extractors such &s vacked or pulse columns, mixer
settters or certrifugal contactors for use in a plant for the reprocassing of irradiated fuel. Solvent
axtractars —ust be resistart to the carrosive afect of nitric acid. Solvent extractors are normally
fabricated to extremely high standards (inctuding special welding and inspecticn and quality
assurance and guality controt techniques) out of low carbon stainless steels, titanium, zirconium.
5r other high quality materials.

Chemical holding or storage vessels

INTROCOUCTCRY NCTZ
Thras main procass liquor sreams result rarm the solvent sxtraction step. Holding or storage vessels ase usaad in the
furtrer processing of all three straams. as follows;

{a} The aurs urarium arrate solutian s concsntratad by avaporation ard passsed to a C¢ar:tration grocess wners
ia comuertad to uranmium cxics. This cxide 18 rs-used in the nuctaar fual cycls.
t=]] The '~tanssly radicactve fissian grocucts solution is normally concsnirated by svaccraton and storsc as a

liquer concaentrats. This ccncsentrate may D@ subsgqusntly svapaorated and canvenad ta a fcrm suitable for
1or3gRe or diIscTsal
(¢) The pura piutonium mitrets sclutian is soncentrated and stored penaing its transfer 1o furnar process steos. in
parvcular, holging or stcrage vessels tor plutcmurm solutions are cexgrad to avaid crihicality proolams
rasuinng fre™ enarges in corcsrtatan and form of this stream.

Ezpecially desigred or prapared holding or starage vessels for use in a plart faor the reprocessing
of irradiated fuei. The ho!ding or storage vessals must be resistant to the corrcsive effect of nitric
acid. The holding or stcrage vessels are ncormatly fabricated of materiais such as low carbon
stainless steeis. titanium or zirconium, or cther high quality materials. Holding or storage vesseis
may be designed ‘or remcte gperation and maimenance and may have the sollowing features for
control of nuclear criticality:

(1} walle gr internal structures with a boron eguivalent of at least two oar cent, or
(2) a maximum diamster of 178 mm (7 in) for ¢ylindrical vessels, or
(3) a maximum width of 75 mm (3 In) for sither a slab or annular vessal.

Plutornium nitrate to oxide conversion system

INTRCOUCTIAY NOTE

In mast reorcoassing facilides. *his final process imvolves the conversion of the piutonium nitrate solution te plue~ium
dioxide. The mamn functicns involved in tis Drecsess aroa:

orocess ‘sea storags and adjustmant. precicitation and solidfiquor separation, calcinanon. product nandling,
vontilation. waste managemant, and process controf.

Compgplete systems aspscially designed or prepared for the conversion of piutonium nitrate to
pfutonium oxide. in carticular adapted sc as to aveid criticatity and radiation effects and ta
minimize texicity hazards.

Piutonium oxide to metal producticn system

INTRCDUCTZRY NOTE
Thies process. which could be rsiatac to a raprocessing ‘acility, invoives tha tluonnaton of plutcnium dioxide, normally

with nighty coTosive hydrcgan Huonde. to proguca olutonium tiuonde wiich '3 subsequenty reduced uRINg NignN punty

caleium mets to produce matatlic plutomum and a calcium Huoride siag. The mamn tunctions invatved in this procsss
are- flucnnaunon (eg :Mvolving egqumomant ‘apricated or ned with a precious matal), Metat reducticn (eg smoloying
sararme crusities), siag recovery. proguct hanadling, venulangon, waste managemant and procsss control,



4.

5.

Complete systems especially designed or prepared for the production of plutonium metal. in
particutar adapted so as to avoid criticality and raaiation effects and to minimize toxicity hazards.

EXPORTS

Pursuant to paragrapn 6 of the Memarandum 8. the Government reserves to itseif the rnignt to apply the procacures of
the Memorandum ta other itams within the funcuconally defined bouncary.

Plants for the fabrication of fuel elements
A "plant for the fabrication of fuel elements" inctudes the equipment:

(a) Which normally comes in direct contact with, or directly processes, or controls, the
production flow of nuclear materiai, or

(b) Which seals the nuctear material within the ciadcing.

EXPORTS

The export of the whale sat of itens for the farsgaing aperauons will take olace only In accaradance with the procedures
of the Memorancum. Tha Government will 410 give ccnsigerauon to apgicaten af the procsdaurss of the Memaorandum
to individual items intanded for any of the foregoing operauons. as weil as for other fuel facnicanon operaucns sucn as
checking tha integrity of the ciadding or the ssal, andg the finisn treatment to the ssaled fuel.

Plants for the separation of isotopes of uranium and equipment, other than
analytical instruments, especiaily designed or prepared therefor

Items of equipment that are considered to fall within the meaning of the phrase "equipment, other
than analytical instruments, especially designed or prepared” for the separation of isotopes of
uranium includa:

Gas centrifuges and assemblies and components especially designed or prepared for use in
gas centrifuges

INTRODUCTORY NQTE

The gas centnfuge normally consists of a thin-wailea cylinder(s) of batwsen 75 mm (3 in) ana 400 mm (16 in) diamatar
contained In a vacuum snvircnmaeni and sgun at hign Soaoneral spesc of the orasr of 200 mys or more with 1ts central
aus vertical. In order to acmeve high spesda the matenals of tonswucton for tne rotaung comoonents have 10 be of a
nigh strength 1o density rato and the rotor asssmoty, and nence its individual components, have 10 be manutactured to
very close tolerances in order 1o mimumize (M8 unbalance. In contras: !0 other cenumtugss, the gas centntuge for
uranium enncnment 3 CRAracisrizea Dy having witnin the (otor chamoer a rotatung aisc-snapea battleis) and a
statonary uce arrangesmaent for teeding and extracung the UFs gas and feawunng at ieast 3 separate cnannels. of wcn
2 are conneclea t0 3coccs exianding from the rotor ax:s towards the peripnery of the rotor champer. Alsc cantainad
within the vacuum environmant are a numobsr of cnucal items wmcn da not rotate and which aithcugh they are
especiatly designed are not difficult to fabncats NOr are they 'apncatsd out of unigue Matenais. A canuituge facility
Rowsver requirss & large numoer of these components, SO that Guanntes can provide an imgartant ngicason of eng

UsSe.

Rotating components

(a) Caompiete rotor assembiies:

Thin-wailea cylinders, or a number of interconnected thin-wailed cylincers. manufacturec from
one of the high strength to density ratic materials described in the EXPLANATORY NOTE to this
Section;

It interconnected, the cytincers ars joined tcgether by flexibie bellows or rings as described in
section 5.1.1.(c) following. Tha rotor is fitted with an imernai battie(s) and end caps, as described
in section 5.1.1.(d) and (e) fcllowing, if in final form. However the compiete assembly may be

delivared only cardy assembied.

(b) Rotor tubes:
Espec:aily designed or prepared thin-walled cylingers with thickness of 12 mm (0.5 in) or less. a

diameter of between 75 mm (3 in) and 400 mm (16 in), and manufaciured from one of the high
strength 10 density ratic mater;als descr:t>ed in the EXPLANATORY NOTE to this Section.

(c) Rings or Bellows:

Compaonents especiaily designed or prepared to give localized support to the rotor tube or to join
togethier a number of rotor tutes. The beliows is a short cylinder of wail thickness 3 mm (0.12 in)
or less. a diameter of between 75 mm (3 in) and 400 mm (16 in), having a convoliute. and
manufactured from one of the high strergin to density ratioc materials described in the

EXPLANATORY NOTE to this Section.
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(d) Baffles:
Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diameter especially

designed or prepared to be mounted inside tha centrifugs rotor tube, in order to isolate the
take-off chamber from the main separation chamber and, in some cases, to assist the UFs gas
circulation within the main separation chamber of the rotor tube, and manufactured from one of
the high strength to density ratio matarials described in the EXPLANATORY NOTE to this Section.

(e) Top caps/Bottom caps:

Disc-shaped components cof between 75 mm (3 in) and 400 mm (16 in) cdlameter especially
designed or prepared 1a fit to the ends of the rctor tube, and so contain the UFg within the rotor
tube, and in some casss !0 suppor. retain or contain as an integrated part an element of the
upper bearing (top cap) or to carry the rotating elements of the motor and lower bearing (bottom
cap)., and manufactured frcm one of the high strength to density ratio materials described in the

EXPLANATORY NOTE to this Seaction.

EXPLANATCZRY NCTE

The materais used for cantrifuge rotating componants are:

(a) Maraging stest cagabie of an utimate tensiie strength ot 2.05- ‘108 N/rn 300,000 psi) or mare:

(B) Alurminium alloys caoabie of an uitimate tensie strengtn ot 0.46-10% N/m?® (67.000 psi) or rmore;

{e) Fitamsntary materiais suitazie for use in campoasite stmc'uraa and having a soecific modulus of 12.3-10% m or
greatar anag a spectfic uitimate tensiie strengtn of 0.3- 10%m or greater {'Spacific Modulus is the Young s Modulus in
N/m< dividea by the spscific weignt in N/m?; ‘Specrtic Ultmate Tensie Strength’ is the ultimate tensiie strength in N/m*

divided by the specific weight in N/mJ).

Static components

(a) Magnetic suspension bearings:

Especially designed or prepared bearing assemblies consisting of an annular magnet suspended
within a housing containing a damping medium. The housing will be manufactured from a
UFs-resistant material (see EXPLANATCRY NCTE !0 Section 5.2.). The magnet couptes with a pole
piecs or a second magnet fitted to the top cap described in Section 5.1.1.(e). The magnet may be
ring-shaped with a relation bstween outer and inner diameter smailer or equal to 1.6 : 1. The
magnet may be in a form having an initial permeability of 0.15 H/m (120,000 in CGS units) or
more or a remarence of 98.5% or more, or an energy product of greater than 80 kJ/m
(10 gauss-oersteds). In addition to the usual material properties, it is a prerequisite that the
deviation of the magnetic axes from the geometrical axes is limited to very small tolerances (lower
than 0.1 mm) or that homogeneity of the matenai of the magnet is speciaily called faor.

(b) Bearings/Dampers:

Especially designed or prepared bearings ccmprising a pivot/cup assembly mourted on a
damper. The pivot is normally a hardened steet shaft palished into a hemisphere at one end with a
means of attachment to the bottom cap described in section 5.1.1.(e) at the other. Tha shaft may
however have a hydrodynamic bearing attached. The cup is peilet-shaped with a hemispherical
indentation in one surface. These components are often suppiied separately to the damper.

(c) Mctecular pumps:
Especiaily designed or prepared cylinders having internally machined or axtruded helical grooves
ang internally machined bores. Typical dimensions are as follows: 75 mm (3 in) to 400 mm (16 in)
internal diameter, 10 mm (0.4 in) or more wait thickness, 1 to 1 length to dlameter ratio. The
grocves are typically rectangular in cross-section and 2 mm (0.08 in) or mora in depth.

(d) Motor stators:
Especially designed ar prepared ring-shaped stators for high speed multiphase AC hysteresis (or

redluctance) mctors for synchronous operation within a vacuum in the frequency range of
600-2000 Hz and a power range of 50-1000 VA. The stators consist of muiti-chase windings on a
'‘aminated low loss iron core comprised of thin layers typicalty 2.0 mm (0.08 in) thick or less.

Especially designed or prepared auxiliary systems. equipment and components for gas
centrituge enrichment plants

INTRCROUCTZRY NCTE

The auxiiary systems, equipment and compoonents for a gas cenmfuge anrichment plant are the systams of plant
neecsd ta feea UFa to the centfuges, ta link the individual centrmfuges 10 each other ta torm cascades (or stages) to
allow for orograsavely highar enncnments and to axtract the groduct' and tailla’ UFas from the centrifuges, together
with ‘he squioment requirea to drve the csninfuges or 1o conrol the piant.



5.2.1.

5.2.2.

5.2.3.

5.2.4.

S8.3.

Normaily UFs is evaporated from the scud using heaisc autaciaves and is distributea in gaseous form to tne
centrifugas by way ot cazcads headsr pipework. The proguct’ and ‘tals’ UFs gaseous swveams ﬂowm% trom the
centrifuges are aisc passed by way of cascace header pigework 10 cotd traps (operating at about 203 K (-70°C)) where
they are condensad prior 1o anward transtsr (nto switanis conitainers for transportavon or storage. Because an
annchment plant consists of many thousands of cenwufuges arranged in cascades there are many kilometers of
cascade header pipswork, incorporatnng thousands of weids with & sudstantal amount of repesuuon of iayout. The
squipment, components and piging Systems are faoricated to very high vacuum and cisariiness standaras,

Feed systems/product and tails withdrawal systems
Especially designed or prepared process systems including:
Feed autoclaves (or stations), used for passing UFs to the centrifuge cascades at up to
100 kN/m? (15 psi) and at a rate of 1 kg/h or more;
Desublimers (or cold traps) used to remove UFs from the cascades at up to 3 KkN/m>
(0.5 lb/inz) pressure. The desublimers are capable of being chilled to 203 K (-70°C) and
heated to 343 K (70°C);
'Product’ and ‘Tails’ stations used for trapping UFs into containers.
This plant, equipment and pipework is wholly made of or lined with UFg-resistant materials (see
EXPLANATORY NOTE to this section) and is fabricated to very high vacuum and cleantiness

standards.

Machine header piping sysiems

Especially designed or prepared piping systems and header systems for handling UFs within the
centrifuge cascades. The piping network is normally of the 'triple’ hsader system with each
centrifuge connected to each of the headers. There is thus a sucstantial amount of repetition in its
form. It is wholly made of UFs-resistant materials (see EXPLANATORY NOTE (o this section) and is
fabricated to very high vacuum and cleantiness standards.

UFs mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupole mass spectrometers capabie of taking
‘'on-ine’ samples of feed, product or tais, from UFs gas streams and having ail of the following

characteristics:

1. Unit resolution for mass greater than 320;

2 lon sources constructed of or lined with nichrome or monsl or nickei plated:
3. Electron bombardment icnization sources:

4 Having a coilector system suitable for isotopic anatysis.

Frequency changers

Frequency changsrs (also known as converters or invertors) especially designed or prepared to
supply motor stators as defined under 5.1.2.(d), or pars, components and sub-assembiies of
such frequency changers having ail of the following characteristics:

1. A muitiphase output of 600 to 2000 Hz;

2. High stability {with frequency control better than 0.1%);
3. Low harmonic distortion (less than 2%); and

4. An gfficiency of greatsr than 80%.

EXPLANATORY NOTE

The items listad atove aither comae into direct contact with the UFs precess gas or directty control the centrifuges and
the passage of the gas from cenuitfuge 10 canmfuge and cascade to cascadse.

Materiais resistant t0 corrosion by UFa mciuae stainiess stesl, aluminium, aluminium alioys, nickei or alloys containing

80% or more nickel.

Especiaily designed or prepared assemblies and components for use in gaseous diffusion
enrichment

INTRCDUCTCRY NOTE

in the gasscus diffusion method of uranium isciope ssparanon, the main technoiogicai asssmbly (8 a special parous
gaseous diffusion barner, heat exchanger for cociing the gas (which is heated By the process of COMEression), seai
vaives and controt valves, and pipelines. Inasmuch as gassous diffusion technoiogy uses uranmum hexatluonade (UFa).
all aguipment, pipetine and instfumentatcn surfaces (that come in contact with the gas) must ce made of materais
that remamn swable N contact with UFas. A gaseous diffusion tacility requires a number of these assemuches. so that

quantities can orovide an impodatant Indicanaon ot ana use.
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Gaseous diffusion barriers

(a) Especially designed or prepared thin, porous filters, with a pore size of
100-1,000 A (angstroms), a thickness of 5 mm or less, and for tubular forms, a diameter of
25 mm or less, made of metailic, polymer or caramic matsrials rasistant 10 corrosion by
UFs, and

(b) especially prepared compounds or powders for the manufactyre of such filters. Such
compounds and powders include nickel or alloys containing 60 per cent or more nickei,
aluminium oxide, or UFs-resistant fully fluorinated hydrocarbon potymers having a purity
of 99.3 per cent or more, a particle size less than 10 microns, and a high degree of
particle size uniformity, which are especially prepared for the manutfacture of gaseocus
diffusion barriers.

Ditfuser housings

Especially designed or prapared hermetically ssaled cylindricat vessels greater than 300 mm in
diameter and greater than 800 mm in fength, or rectangular vessels of comparable dimensions.
which have an inlet connection and two outlet connections ail of which are greater than 50 mm in
diameter, for containing the gaseous diffusion barrier, made of or lined with UFg-rasistant
materials and designad for horizomtal or vertical installation.

Compressors and gas blowers

Especially designed or prepared axial. centrifugal, or positive displacement compressors, or gas
blowers with a suction volume cacacrrg of 1 m¥min or more of UFs, and with a discharge
pressure of up to several hundred kN/m“ (100 psi), designed for long-term cperation in the UFs
enviranment with or without an electrical motor of appropriate power. as weill as separate
assembiies of such compressors and gas blowers. These compresscrs and gas blowers have a
pressure ratio between 2:1 and 6:1 and are made of, or lined with, materiais resistant to UFs.

Rotary shaft seais

Especially designed or prepared vacuum seais. with seal feed and seal exhaust connections, for
sealing the shaft connecting the compressor or the gas blower rotor with the driver motar so as to
ensure a reliable seal against indeaking of air into the inner chambar of the compressor or gas
bilowar which is flﬂed with UFg. Such seals are normally designed for a buffer gas in-leakage rate
of less than 1000 cm®/min.

Heat exchangers for cooling UFs

Especiaily designed or prepared heat exchangers made of or lined with UFs-resistant materials
(except stainiess steal) or with copper or any *ombmanon of those metals, and intended for a
leakage pressure change rate of less than 10 N/m? (0.0015 psi) per hour under a pressure
differenca of 100 kN/m? (15 psi}.

Especially designed or prepared auxiliary systems, equipment and components for use in
gaseous diffusion enrichment

INTRODUCTORY NOTE

The auxiliary systema, squipment and comoanents for gassous ditfusion enrichment plants are the systems of plant
needed to ‘eed UFas 1o the gassous diffusion assambily. to link the individual assemblies to each other to form
cascades (or stages) to aliow for prograssively higher annchments and to extract the “product™ and "tails* UFas from the
diffusion cascades. Because of the high inertal properties of ciffusion cascades. any interruption in tsir operation. and
especizlly their shut-down, 'eads to senous consequsnces. Therefors, a strict and constant maintenance of vacuum in
all technolcgical systems, automatic protecton from accicdents, and precise automated regulaton of the gas flow 1s ot
‘mportance 0 a Gaseous ditffusion plant. All this |sads to a nsed to equip he plant with a large number of speciai
Teasuring, reguiating and controtling systems.

Normally UFs is evaporatesd from cylinders olaced within autociaves and is distributed in gasscus form to the entry
pont by way of cascade headsr pDipework, The "proguct” ana “taila” UFs gaseous strsams flcwing from exit points are
pagssed Dy way 0! cascads header pipework (o sither coid traps Of (0 compression statons where the UFs gas 13
liquetised prncr to onward transter INTO surtadle containers for ransportation or storage. Because a gaseous ditfusion
snnchnmant plant consists of a large number of gaseous arffusion assempiies arrangsea in cascades, there are Mmany
kilometers gf cascace header pipework, incorporaung thousands of weids with substanual amounts of repetition ot
layout. The equipment, components and pIPING Systems are tabncated to very nigh vacuum and cleanhiness stanaards.
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Feed systems/product and tails withdrawal systems
Especially designed or prepared process sysiems, capable of cperating at pressures of

300 kN/m? (45 Ib/in®) or less, inciuding:
Feed autoclaves {or systems), used for passing UFs to the gaseous aiffusion cascades;

Desublimers (or coid traps) used to remaove UFg from diffusicn cascades:

Liquefaction stations where UFg gas from the cascade is compressed and cooied 1o form

liquid UFs;
"Product” or "tails” stations used for transierring UFg into containers.

Header piping systems
Especially cesigned or prepared piping systems and header systems for handling UFe within the
gasecus crfusicn cascades. This piping network is normaily of the "double” header system with
each cell connectad to eachn of ths neaders.

Vacuum systems

(a) Especially desigred or prepared large vacuum manifoids, vacuum headers ang vacuum
pumps having a suction cagpaciy of 5 m*/min or more.
(B} Vacuum pumps especialy designed for service in UFs-pearing atmospheres made of, or

linea with, aluminiurmn, nickel. or alloys tearing mcre than 60% nickel. These pumps may
be either rotary or positive, may have dispiacemant and fluorccarbon seais. and may have
speacial working fluids present.

Special shut-off and contrei valves

Especially designed or prepared manual or autamated shut-off and contror beilows valves made of
iJFs-resistant materals with a diameter of 40 to 1800 mm for ins:allation in main and auxiliary
systems of gaseous aiffusion anrichment ptants.

UFs mass spectrometers/ion sources
Especiaily desigrned or prepared magnetic or guadrupole mass sgectrometers cacable of taking
‘on-line” sampies or feed, product or tails. from UFg gas streams and having all of the “c.lowing
charactenstics:

Unit resolution for mass greater than 32

len sources consiructed of or lined with nichrome or monei or nicksel Slated;

Zisctron Sombardmesnt ionizatian scurces:

Ccllector system suaable for isclopic analysis.

LTINS

EXPLANATOHRY NOTE

The items lisisd above either SCMe INto QIrect SorRtact with the UFe process gas of directly conus: 119 {low within the
cascads. All sudaces wnich come Mo contact witn e process gas e wholly maae of, of llnes wim, UFsvasiarnt
Measnais, FoT e PDUrPeses OF e YGCUONE (2:alNg 10 J2380us IfLLON (I8MS NS MAISNAL [ BXSLANT O COTTION By
UFs inciuca Staniesa sieed, aluSINIWT, AluMimum al0y3d, sluminium oxide, nckai or alloys cortaining 60% of miors

nickat and UFs~sa:stant fully ficonnated Aydrocaroon potyrners.
Jet nozzie separation units

Vortex separation units

Plants for the production of heavy water, deuterium and deuterium
compounds and equipmennt especially designed or prepared therefor
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THE ZANGGER COMMITTEE : A HISTORY 1971-1990

The Oriqgins

1. The origins of the Zangger Committee, also known as the

Nuclear Exporters' Committee, sprang from Article III2. of the
Treaty on the Non-Proliferation of Nuclear Weapons (NPT) which
entered into force on 5 March 1970. Under the terms of Article

ITIZ2:

"Each State Party to the Trzaty undertakes not to provide:
{(a) source or special fissiconable material, or (b) equipment
Oor material especially designed or prepared for the
processing, use or production of special fissionable
material, to any non-nuclear-weapon State for peaceful
purposes, unless the source or special fissionable material
shall be subject to the safeguards required by this
Article.”

2. Between 1971 and 1974 a group of fifteen states, some already
Party, the others prospective Parties to the NPT, held a series
of informal meetings in Vienna chaired by Professor Claude
Zangger of Switzerland. As suppliers or potential suppliers of
nuclear material and equipment their objective was to reach a
common understanding on:

- the definition of what constituted "equipment or material
especilially designed or prepared for the processing, use or
production of special fissionable material™;

- the conditions and procedures that would govern exports of
such equipment or material in order to meet the obligations
of Article III2 on a basis of fair commercial competition.

3. The group, which came to be known as the "Zangger
Committee”, decided that its status was informal, and that its
decisions would not be legally binding upon its members.



The Rules of the Game - INFCIRC/209 Series

4. By 1974 the Committee had arrived at a consensus on the basic
"rules of the game" which were set out in two separate memoranda
dated 14 August 1974. The first defined and dealt with exports
of source and special fissionable material (Article III2(a) of

the NPT). The second defined and dealt with exports of
equipment and non-nuclear material (Article III2(b) of the
NPT). The Committee agreed to exchange information about actual

exports, or issue of licenses for exports, to any non-nuclear
weapon States not Party to the NPT through a system of Annual
Returns which are circulated on a confidential basis amongst the
membership each year in April.

5. The consensus, which formed the basis of the Committee’'s
"Understandings'" as they are known, was formally accepted by
individual Member States of the Committee by an exchange of
Notes amongst themselves. These amounted to unilateral
declarations that the Understandings would be given effect
through respective domestic export control legislation.

6. More or less in parallel with this procedure each Member
State (except three) wrote identical letters to the Director
General of the IAEA, enclosing edited versions of the two
memoranda, informing him of its decision to act in conformity
with the conditions set out in them and asking him to
communicate this decision to all Member States of the Agency.
The letters and memoranda were accordingly published as IAEA
document INFCIRC/209 dated 3 September 1974.

7. The three exceptions (Belgium, Italy and Switzerland)
subsequently wrote to the Director General informing him of
their decision to comply with the undertakings of the Nuclear
Suppliers' Group set out in INFCIRC/254 dated February 1978.

The "Trigger List"™

8. The memorandum dealing with equipment and non-nuclear
material (INFCIRC/209, Memorandum B) became known as the
"Trigger List": the export of items listed on it " trigger"” IAEA
safeguards, ie they will be exported only if the source or
special fissionable material produced, processed or used in the
equipment or material in question is subject to safeguards under
an Agreement with the IAEA.

Trigger List "Clarification"

9. Attached to the original Trigger List was an Annex
"clarifying" or defining the items described on it in some
detail. The passage of time and successive developments in
technology have meant that the Committee is constantly engaged
in monitoring the need for revision or further "clarification”
of Trigger List items and the original Annex has thus grown
considerably. To date, four clarification exercises (conducted
on the basis of consensus, through the same procedure of
internal notification and, where appropriate, by identical
letters to the Director General of the IAEA) have taken place.
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Details of the four clarification exercises are set out below:

- In November 1977 the clarifications contained in the
Trigger List Annex were updated to bring them into
conformity with those of INFCIRC/254. HowevVer, three
member States (Belgium, Italy and Switzerland) expressed
the reserve that, in their opinion, the new item "Plants
for the production of heavy water, deuterium and
deuterium compounds and equipment especially designed or
prepared therefor"” (2.6.1) did not fall within
the legal scope of Article III.2.(b) of the NPT and
would entail an implicit modification of it.
Accordingly, they made it clear that they would act on
this item on the basis of their commitments under the
Nuclear Suppliers' Guidelines.

The amendments were published in the IAEA document
INFCIRC/209/Mod.1. issued on 1 December 1978.

- In order to take account of the technological development
which had taken place during the preceding decade in the
field of isotope separation by the gas centrifuge process,
the clarifications in the Trigger List Annex concerning
Isotope Separation Plant Equipment were updated to include
additional detail.

The text of the new clarification was published in the
IAEA document INFCIRC/209/Mod.2 of February 1984.

- For similar reasons the clarifications contained in
the Trigger List Annex concerning Fuel Reprocessing
Plants were updated to include further items of
equipment.

The text of the new clarification was published in the
IAEA document INFCIRC/209/Mod.3 of August 1985.

- The clarifications contained in the Trigger List Annex
concerning Isotope Separation Plant Equipment were further
elaborated by the identification of items of egquipment
used for isotope separation by the gaseous diffusion
method.

The text of the new clarification was published in the
IAEA document INFCIRC/209/Mod.4 of February 1990.



Status of the Committee

10. The Committee's Understandings and the INFCIRC/209 series
documents that arise from them have no status in international
law but are arrangements unilaterally entered into by Member
States. They make an important contribution to the
non-proliferation regime, and are continuocusly adapted in
response to evolving circumstances.

Membership

l11. A list of the current Member States of the Zangger
Committee is set out below.

AUSTRALIA

AUSTRIA

BELGIUM

CANADA

CZECHOSLOVAKIA

DENMARK

FINLAND

GERMAN DEMOCRATIC REPUBLIC
FEDERAL REPUBLIC OF GERMANY
GREECE

HUNGARY

IRELAND

ITALY

JAPAN

LUXEMBOURG

NETHERLANDS

NORWAY

POLAND

SWEDEN

SWITZERLAND

UNITED KINGDOM

UNITED STATES OF AMERICA
UNION OF SOVIET SOCIALIST REPUBLICS

Chairman

12. Mr Ilkka Makipentti of Finland succeeded Professcr Zangger
as Chairman in 1989.

VIENNA

July 1990

~



