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Nucl ear Transfers

1. The Director Ceneral has received notes verbal es dated 17 Cctober 1996
Representatives to the Agency of Argentina, Australia, Austria, Belgium I
Czech Republic, Denmark, Finland, France, Cermany, Geece, Hungary, Irelanc
Republic of Korea, Luxenbourg, the Netherlands, New Zeal and, Norway, Pol
Romani a, the Russian Federation, the Sl ovak Republic, South Africa, Spain,
Wkraine, the United Kingdom of Geat Britain and Northern Ireland, and tl
Anerica relating to the export of nuclear material, equipnment and technc
Ceneral has received a simlar note verbale dated 30 July 1997 fromthe Resi
t he Agency of Brazil.

2. The purpose of the notes verbales is to provide further information on
Qui delines for Nuclear Transfers.

3. In the light of the wi sh expressed at the end of each note verbale,
verbal es is encl osed. The attachnent to these notes verbales is also re
encl osur e.

u I NFCl RC/ 254/ Rev. 2/ Part 2/ Mbd.1 contains Quidelines for Transfers of Nuclear-related

Material and rel ated Technol ogy.



The Permanent Mssion of [ Menber State ] presents its conplinents
Ceneral of the International Atomc Energy Agency and has the honour t:
information on its governnent’s nucl ear export policies and practices.

The Governnment of [ Menber State ] has decided that the current Par:
Qui del i nes should be deleted, since it is redundant on the grounds that th
current Paragraph 16 is covered by Paragraph 11 - Non-proliferation Principl

Devel oprents in nucl ear technol ogy have brought about the need to fu
anend parts of the Trigger List which is incorporated in Annexes A and E
currently published in docunment | NFCl RC/ 254/ Rev. 2/ Part 1.

In the interest of clarity, the conplete text of the Quidelines includ
is reproduced in the attachnent.

The CGovernnment of [ Menber State | has decided to act in accordance w
for Nuclear Transfers so revised.

In reaching this decision, the Governnent of [ Menber State | is fully
contribute to econom c devel opnent while avoiding contributing in any way
proliferation of nuclear weapons or other nuclear explosive devices, and
non-proliferation assurances fromthe field of comercial conpetition

[ The Government of (Menber State), so far as trade within the Eur
concegned, will inplement this decision in the light of its commtnents as
Uni on:]

The Covernnent of [ Menber State | would be grateful if the D rector
this Note and its attachnent to the attention of the Menbers States of the

The Permanent M ssion of [ Menber State | avails itself of this opport
Director Ceneral of the Atomc Energy Agency the assurances of its highest ¢

' This paragraph is included in notes verbal es from nenbers of the European Union



1.

The follow ng fundamental principles for safeguards and export controls shot
transfers for peaceful purposes to any non-nuclear-weapon State and, in the
retransfer, to transfers to any State. In this connection, suppliers have def

Prohi bition on nucl ear expl osives

2.

Physi cal

3.

Suppl i ers shoul d authorize transfer of itenms or related technology identified i
formal governnental assurances from recipients explicitly excluding uses whicl
nucl ear expl osi ve devi ce.

(a)

(b)

(c)

protection

Al nuclear naterials and facilities identified by the agreed trigger li¢c
effective physical protection to prevent unauthorized use and handling.
protection to be ensured in relation to the type of naterials, equipnent
agreed by the suppliers, taking account of international recomrendations.

The inplenentation afresread physical protection in the recipient coun
responsibility of the CGovernnent of that country. However, in order to
agreed upon anongst suppliers, the levels of physical protection on which
to be based shoul d be the subject of an agreenent between supplier and rec

In each case special arrangenments should be made for a clear definition
the transport of trigger list itens.

Saf eguar ds

4.

(a)

(b)

(c)

(d)

(e)

Suppliers should ttramsfeer |ist itens or related technology to a non-nucl ea
only when the receiving State has brought into force an agreenment with the
application of safeguards on all source and special fissionable material
peaceful activities.

Transfers covered by paragraph 4 (a) to a non-nucl ear-weapon State wi thout
agreenent should be authorized only in exceptional cases when they are de
the safe operation of existing facilities and if safeguards are appli
Suppliers should informand, if appropriate, consult in the event that the
to deny such transfers.

The policy referred to in paragraph 4 (a) and 4 (b) does not apply to ac
drawn up on or prior to April 3, 1992. |In case of countries that have ac
I NFC RC/ 254/ Rev. 1/Part 1 later than April 3, 1992, the policy only appl
be) drawn up after their date of adherence.

Under agreenents to which the policy referred to in paragraph 4 (a) dc
paragraphs 4 (b) and (c)) suppliers should transfer trigger list itens or
when covered by | AEA safeguards with duration and coverage provisions in
| AEA doc. O/ 1621. However, suppliers undertake to strive for the ¢
i mpl ementation of the policy referred to in paragraph 4 (a) under such agr

Suppliers reserve the right to apglyi @l of osalpptgnas a matter of nati
policy.

Suppliers will jointly reconsider their common safeguards requirenents, wheneve
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(a) The requirenents of paragraphs 2, 3 and 4 above should also apply 1
reprocessing, enrichrment, or heavy-water production, utilizing technol ogy
by the supplier or derived fromtransferred facilities, or major critical

(b) The transfesuadf facilities, or nmajor critical conponents thereof, or re
shoul d require an undertaking (1) that |AEA safeguards apply to any facil
(i.e. if the design, construction or operating processes are based on the
or chem cal processes, as defined in the trigger list) constructed during
recipient country and (2) that there should at all times be in effect
permtting the | AEA to apply Agency safeguards with respect to such facil
recipient, or by the supplier in consultation with the recipient, as using

Special controls on sensitive exports

7.

Suppliers should exercise restraint in the transfer of sensitive facilities, te
materi al s. If enrichment or reprocessing facilities, equipment or technol og
suppliers should encourage recipients to accept, as an alternative to na
i nvol venent and/or other appropriate mnultinational participation in resultir
should also pronote international (including |AEA) activities concerned wth

fuel cycle centres.

Speci al controls on export of enrichnment facilities, equiprent and technol ogy

8.

For a transfer of an enrichnment facility, or technology therefor, the recipie
neither the transferred facility, nor any facility based on such technol ogy, w
for the production of greater than 20% enriched uranium wi thout the consent of
whi ch the | AEA shoul d be advi sed.

Control s on supplied or derived weapons-usabl e nateri al

9.

Suppliers recognize the inportance, in order to advance the objectives of t
provi de opportunities further to reduce the risks of proliferation, of includi
of nuclear materials or of facilities which produce weapons-usable materi al
nmut ual agreenment between the supplier and the recipient on arrangenments for 1
alteration, use, transfer or retransfer of any weapons-usable naterial invo
endeavour to include such provisions whenever appropriate and practicabl e.
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10. (a) Suppliers should transfer trigger list itens or related technology, inclu
under paragraph 6, only upon the recipient’s assurance that in the case of

(1) retransfer of such itens or related technol ogy,
or

(2) transfer of trigger list itens derived fromfacilities originally tre
or with the help of equipnent or technology originally transferred by

the recipient of the retransfer or transfer wll have provided the san
required by the supplier for the original transfer.

(b) In addition the supplier’s consent should be required for: (1) any retra
or related technology and any transfer referred to under paragraph 10 (¢
which does not require full scope safeguards, in accordance w th paragr
Quidelines, as a condition of supply; (2) any retransfer of the fac
conponents, or technol ogy described in paragraph 6; (3) any transfer o
critical conponents derived fromthose itens; (4) any retransfer of hea
usabl e nateri al .

(c) To ensure the consent right as defined under paragraph 10 (b), governne
assurances wll be required for any relevant original transfer.

Non-proliferation Principle
11. Notwi thstanding other provisions of these Quidelines, suppliers should authori
related technology identified in the trigger list only when they are satisfied
contribute to the proliferation of nuclear weapons or other nuclear explosive
SUPPCRTI NG ACTI VI TI ES
Physi cal Security

12. Suppliers should pronote international co-operation an $émuraXghangeorafatplysi c
protection of nuclear materials in transit, and recovery of stolen nuclear mat¢

Support for effective | AEA saf eguards

13. Suppliers should nake special efforts in support of effective inplenentation
Suppliers should al so support the Agency’s efforts to assist Menber States in t
nati onal systens of accounting and control of nuclear nmaterial and to in
ef fecti veness of safeguards.

Simlarly, tdelyd simke every effort to support the IAEA in increasing further
safeguards in the light of technical devel opnents and the rapidly grow ng nunb
and to support appropriate initiatives ained at inproving the effectiveness of

Sensitive plant design features

14. Suppliers should encourage the designers and nakers of sensitive equipnent to
way as to facilitate the application of safeguards.
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(a) Suppliers showi ntain contact and consult through regular channels on nmatt

(b)

(c)

with the inplenentation of these Quidelines.

Suppliers should consult, as each deens appropriate, wth other Governne
specific sensitive cases, to ensure that any transfer does not contribut
instability.

In the event that one or nore suppliers believe that there has be
suppl i er/recipi ent understandings resulting fromthese Quidelines, partict
expl osion of a nuclear device, or illegal termnation or violation of |
reci pient, suppliers should consult pronptly through diplomatic channels i
and assess the reality and extent of the alleged violation.

Pending the early outconme of such consultations, suppliers will not act i
prejudi ce any measure that may be adopted by other suppliers concerning tt
with that recipient.

Upon the findings of such consupplateosns, beédra sy in mnd Article Xl of the
Statute, should agree on an appropriate response and possible action whi
termnation of nuclear transfers to that recipient.

Unani nous consent is required for any changes in these Quidelines, including &
fromthe reconsideration nentioned in paragraph 5.
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TRI GCGER LI ST REFERRED TO I N GUI DELI NES
GENERAL NOTE

The object of these controls should not be defeated by the transfer of conponent pa
take such actions as it can to achieve this aimand wll continue to seek a workab
parts, which could be used by all suppliers.

TECHNOLOGY CONTROLS

The transfer of “technology” directly associated with any itemin the List will be
of scrutiny and control as will the itemitself, to the extent permtted by nationa

Controls on “technol ogy” transfer do not apply to information “in the public donma
research”.

DEFI NI TI ONS

“Technol ogy” means specific information required for the “devel opnent”, “production
contained in the List. This information may take the formof “technical data”, or

“Basic scientific research” - Experinental or theoretical work undertaken prin
know edge of the fundanental principles of phenomena and observable facts, not prim
specific practical aimor objective.

“devel oprment” - is related to all phases before “production” such as:

- design

- design research

- design anal ysis

- design concepts

- assenbly and testing of prototypes

- pilot production schenes

- design data

- process of transformng design data into a product
- configuration design

i ntegration design

- layouts
“in the public domain” - “In the public donain, “as it applies herein, neans techi
avail able without restrictions upon its further dissemnation. (Copyright res

technol ogy frombeing in the public donain.)
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- construction

- production engi neering
- manuf acture

- integration

- assenbly (mounting)

- inspection

- testing

- quality assurance

“techni cal assistance” - “Technical assistance” may take forns such as: instructi
know edge, consulting services.

Note  “Techni cal assistance” - may involve transfer of “technical data”.
“technical data” - “Technical data” may take forns such as blueprints, plans, die
engi neering designs and specifications, manuals and instructions witten or recc

devi ces such as disk, tape, read-only nenories.

“use” - (peration, installation (including on-site installation), naintenance (che
r ef ur bi shi ng.
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Source and special fissionable naterial
As defined in Article XX of the Statute of the International Atomc Energy Ager
“Source material”

The term “source material” means urani um containing the mxture of isotopes ¢
uranium depleted in the isotope 235; any of the foregoing in the form of
conmpound, or concentrate; any other material containing one or nore of th
concentration as the Board of Governors shall fromtinme to tine determne; ant
the Board of Governors shall fromtine to time determ ne.

“Special fissionable naterial”

i) The term “specsabndble material” neans plutonium 239; urani um 233;
enriched in the isotopes 235 or 233; any material containing one or nore
such other fissionable material as the Board of Governors shall fromtine
but the term“special fissionable nmaterial” does not include source nateri

ii) The term*uraniumenriched in the isotopes 235 or 233" means urani um cont a
235 or 233 or both in an amount such that the abundance ratio of the sum
the isotope 238 is greater than the ratio of the isotope 235 to the is
nat ur e.

However, for the purposes of the Quidelines, itens specified in subparagraph
of source or special fissionable material to a given recipient country, wthi
below the limts specified i n subparagraph (b) below shall not be included:

(a) Plutoniumw th an isotopic concentration of plutonium 238 exceeding 80%

Speci al fissionabl e nmat esedli mhgnam quantities or |less as a sensing conp
instrunents; and

Source material which the Governnment is satisfied is to be used only in 1
such as the production of alloys or ceramcs;

(b) Special fissionable materi58l ef fective grans;
Nat ural urani um 500 kil ogr ans;
Depl et ed urani um 1000 kil ograms; and
Thori um 1000 kil ograrns.
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The designation of itens of equipnent and non-ptusd eby theeGoaksnadnt is as
follows (quantities below the levels indicated in the Annex B being regarde
practical purposes):

. Nucl ear reactors and especially designed or prepared equi pnent and conponents
Annex B, section 1.);

. Non-nucl ear materials for reactors (see Annex B, section 2.);

. Plants for the reprocessing of irradiated fuel elenments, and equipnent espec
prepared therefor (see Annex B, section 3.);

. Plants for the fabrofcatud ear reactor fuel elenents, and equi pnent especially ¢
prepared therefor (see Annex B, section 4.);

. Plants for the separation of isotopes of wuranium and equipnent, other tl
instrunents, especially designed or prepared therefor (see Annex B, sectio

. Plants for the production or concentration of heavy water, deuterium and deuter
and equi pnent especi ally designed or prepared therefor (see Annex B, secti

. Plants for the conversi ammodndireaui pent especially designed or prepared ther:
(see Annex B, section 7.).



(1)

(2)

(3)
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“Major critical conponents” are:

(a) in the case of an isotope separation plant of the gas centrifuge type: g
corrosion-resistgnt to UF

(b) in the case of an isotope separation plant of the gaseous diffusion type:
(c) in the case of an isotope separation pypat of heheoretenoazts; t
(d) in the case of an isotope separation plant of the vortex type: the vortex

For facilities covered by paragraph 6 of the Qiidelines for which no major
described in paragraph 2 above, if a supplier nation should transfer in the
fraction of the itens essential to the operation of such a facility, togeth
construction and operation of that facility, that transfer should be deened tc
or major critical conponents thereof”.

For the purposes of inplenenting paragraph 6 of the Qiidelines, the follown
deened to be “of the sanme type (i.e. if their design, construction or operati
the sane or simlar physical or chem cal processes)”;

Wiere the technol ogy transferred is such

as to nake possible the constructiofhenfollowing will be deenmed to be
the recipient State of a facility offadi¢ities of the sanme type:
followrtype, or major critical

conponent s t her eof :

(a) an isotope separation plant of the
gaseous diffusion type........... . any other isotope separation plant
using the gas centrifuge process.
(b) an isotope separation plant of the gas
centrifuge type...cococoeieeen . any ot her isotope separation plant
using the gas centrifuge process.
(c) an isotope separation plant of the jet
nozzl e type...cocococeceeeennn. any ot her isotope separation plant
using the jet nozzle process.
(d) an isotopars¢pon plant of the
vortex type...cccoceeeeeee. any ot her isotope separation plant
usi ng the vortex process.
(e) a fuel reprocessing plant using the
sol vent extraction process......... any ot her fuel reprocessing plant using
the sol vent extraction process.
(f) a heavy water plant using the
exchange process.............. : any ot her heavy water plant using the
exchange process.
(g) a heavy water plant using the
el ectrolytic process.............. any ot her heavy water plant using the
el ectroytic process.
(h) a heavy water plant using the
hydrogen distillation process...any other heavy water plant using the
hydrogen distillation process.
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or operation processes are based on physical or chemcal processes other tt
above, a simlar approach would be applied to define facilities “of the sane t\
maj or critical conponents of such facilities mght arise.
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The reference in paragraph 6 (b) of the Quidelines to “any facilities of th
during an agreed period in the recipient’s country” is understood to refer tc
critical conponents thereof), the first operation of which comences wthin ¢
years fromthe date of the first operation of (1) a facility which has been
transferred major critical conponents or of (2) a facility of the same type
technology. It is understood that during that period there would be a concl us
facility of the sane type utilized transferred technol ogy. But the agreed per
the duration of the safeguards inposed or the duration of the right to ide
constructed or operated on the basis of or by the use of transferred technol
paragraph 6 (b) of the Quidelines.



1.1.

1. 2.

1.3.

1. 4.
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CLARI FI CATION CF I TEMS ON THE TR GGER LI ST
(as designated in Section 2 of Part A of Annex A)

Nucl ear reactors and especially designed or prepared equi pnent and conponents t
Conpl ete nucl ear reactors

Nucl ear reactors capable of operation so as to nmaintain a controlled self-¢
reaction, excluding zero energy reactors, the latter being defined as reactors
rate of production of plutoniumnot exceeding 100 grans per year.

EXPLANATCRY NOTE

A “nucl ear reactorlybiaetkatles the itenms within or attached directly to the reactor vessel,
controls the level of power in the core, and the conponents which normally contain or come
control the primary cool ant of the reactor core.

It is not intended to exclude reactors which could reasonably be capable of nodification to pr
100 grans of plutonium per year. Reactors designed for sustained operation at significant pow
capacity for plutonium production are not considered as “zero energy reactors”.

EXPCRTS

The export of the whole set of najor itens within this boundary will take place only in accort
the Quidelines. Those individual itens within this functionally defined boundary which w

accordance with the procedures of the Quidelines are listed in paragraphs 1.2 to 1.10. The (
the right to apply the procedures of the Quidelines to other itens within the functionally defi

Nucl ear reactor vessels

Metal vessels, or nmjor shop-fabricated parts therefor, especially designed o
core of a nuclear reactor as defined in paragraph 1.1 above, as well as relce
defined in paragraph 1.8 bel ow

EXPLANATCRY NOTE
The reactor vessel head is covered by item1.2. as a major shop-fabricated part of a reactor v

Nucl ear reactor fuel charging and di schargi ng machi nes

Mani pul at i gei prent especially designed or prepared for inserting or renoving
reactor as defined in paragraph 1.1. above.

EXPLANATCRY NOTE
The itens noted above are capable of on-load operation or of enploying technically sophisticat

features to allow conplex off-load fueling operations such as those in which direct viewi ng o
nornal |y avail abl e.

Nucl ear reactor control rods and equi prent

Especi al | y designed or preparedorosaspsoppontstructures therefor, rod drive ne
or rod guide tubes to control the fission process in a nuclear reactor as defi
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1.

1.

6.

7.

8.

9.
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Tubes which are especially designed or prepared to contain fuel elenments and t
reactor as defined in paragraph 1.1. above at an operating pressure in excess

Zi rconi um t ubes

Zirconium netal and alloys in the form of tubes or assenbiessegteédbeg, and
500 kg for any one recipient country in any period of 12 nonths, especially d
use in a reactor as defined in paragraph 1.1. above, and in which the relatior
is less than 1:500 parts by weight.

Primary cool ant punps

Punps especially designed or prepared for circulating the primary coolant fq
defined in paragraph 1.1. above.

EXPLANATCRY NOTE

Especi al | y designed or prepared punps nmay include elsdmred esysstadresl tos pibvént | eakage of prinar
cool ant, canned-driven punps, and punps with inertial nass systens. This definition enconpasst
1 or equival ent standards.

Nucl ear reactor internals

“Nucl ear reactor internals” especially designed or prepared for use in a nucl
paragraph 1.1 above, including support colums for the core, fuel channels, t
core grid plates, and diffuser plates.

EXPLANATCRY NOTE

“Nucl ear reactonalisiteare najor structures within a reactor vessel which have one or nore
supporting the core, naintaining fuel alignment, directing primary coolant flow providing rac
vessel, and guiding in-core instrunentation.

Heat exchangers

Heat exchangers (steam generators) especially designed or prepared for use i
circuit of a nuclear reactor as defined in paragraph 1.1 above.

EXPLANATCRY NOTE

St eam generators are especi atl preesrgdedootransfer the heat generated in the reactor (prinary
wat er (secondary side) for steam generation. In the case of a liquid nmetal fast breeder rea
liquid netal coolant loop is also present, the heat exchangers for transferring heat fromthe
coolant circuit are understood to be within the scope of control in addition to the steam gene
this entry does not include heat exchangers for the energency cooling systemor the decay heat
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Especial |l y designed or prepared neutron detection and measuring instrunents fo
flux levels within the core of a reactor as defined in paragraph 1.1 above.

EXPLANATCRY NOTE
The scope of this entry enconpasses in-core and ex-core instrumentation which neasure flux

typically frlomeiorons pérpem second ¥ mel@rons pérpem second or nore. Ex-core refers to the
instruments outside the core of a reactor as defined in paragraph 1.1 above, but |ocated withil
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2. 1. Deuterium and heavy water

2.

2.

Deuterium heavy water (deuterium oxide) and any other deuterium conpound in
deuteriumto hydrogen atons exceeds 1:5000 for use in a nuclear reactor as de
above, in quantities exceeding 200 kg of deuterium atons for any one recipient
of 12 nonths.

Nucl ear grade graphite

G aphite having a purity level better than 5 parts per mllion boron equiva
greater than 1.5G0y.ame in a nuclear reactor as defined in paragraph 1.1 abc
exceeding 30 netric tons for any one recipient country in any period of 12 nont

EXPLANATCRY NOTE

For the purpose of export control, the Governnent will determ ne whether or not the exports of
specifications are for nuclear reactor use.

Boron equivalent (BE) may be determned experimentally or is gal aul ahpdr iasi edhe( eourh uafi nBE
BEcarporsi Nce carbon is not considered an inpurity) including boron, where:

BE; (ppm) =>Concentration of elenent Z (in ppm;

CF i s the conversi ooz kagodi vi dedghy A) ;

Og andz are the thermal neutron capture cross sections (in barns) for naturally occurrin
respectivel yAg andAare the atom c nmasses of naturally occurring boron and el ement Z resp
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prepared therefor

I NTROCDUCTCRY NOTE

Reprocessing irradiated nucl ear fuel separates plutoniumand uraniumfromintensely radi oacti vt
transurani c el enents. D fferent technical processes can acconplish this separation. Howeve
becone the nost commonly used and accepted process. Purex involves the dissolution of irradi
acid, followed by separation of the uranium plutonium and fission products by solvent ext
tributyl phosphate in an organic diluent.

Purex facilities have process functions simlar to each other, including: irradiated fuel elc¢
solvent extraction, and process liquor storage. There may al so be equipnent for thermal den
conversion of plutoniumnitrate to oxide or nmetal, and treatnment of fission product waste liqt
term storage or disposal. However, the specific type and configuration of the equipnent perf
differ between Purex facilities for several reasons, including the type and quantity of i
reprocessed and the intended disposition of the recovered materials, and the safety and
incorporated into the design of the facility.

A "plant for the reprocessing of irtadiated|fudes ¢lheragui prent and conponents which normal ly ¢
direct contact with and directly control the irradiated fuel and the major nuclear naterial
streans.

These processes, including the conplete systens for plutonium conversion and plutonium neta
identified by the measures taken to avoid criticality (e.g., by geonetry), radiation exposure
hazards (e.g., by containnent).

EXPCRTS

The export of the wiolrjget items within this boundary will take place only in accordance with
the Qui delines.

The Governnent reserves to itself the right to apply the procedures of the guidelines to other
defined boundary as |isted bel ow

Items of equipnent that are considered to fall within the nmeaning of the p
especi al |y designed or prepared" for the reprocessing of irradiated fuel elemen

Irradi ated fuel el enent choppi ng nmachi nes

I NTRCDUCTCRY NOTE

Thi s equi pnent breaches the cladding of the fuel to expose the irradiated nuclear nmaterial
designed netal cutting shears are the nbst commonly enpl oyed, although advanced equi pnent, si
used.

Renotel y operated equiprent especially designed or prepared for use in a r¢
identified above and intended t cut, chop or shear irradi ated nucl ear fuel asse¢



3. 3.

3. 4.

I NTRODUCTCRY NOTE

Di ssol vers aloryn recei ve the chopped-up spent fuel. In these critically safe vessels, the iri
dissolved in nitric acid and the renaining hulls renoved fromthe process stream

Citically safe tanks (e.g., small dianeter, annular or slab tanks) especiall
use in a reprocessing plant as identified above, intended for dissolution of

whi ch are capable of w thstanding hot, highly corrosive liquid, and which can
mai nt ai ned.

Sol vent extractors and sol vent extraction equi prent

I NTROCDUCTCRY NOTE

Sol vent extractors both receive the solution of irradiated fuel fromthe dissolvers and the ol
the uranium plutonium and fission products. Solvent extraction equipnment is nornally desigi
paraneters, such as long operating lifetines with no naintenance requirenents or adaptabil
sinplicity of operation and control, and flexibility for variations in process conditions.

Especi al | y designed or prepared solvent extractors such as packed or pul se col
centrifugal contactors for use in a plant for the reprocessing of irradiated f
be resistant to the corrosive effect of nitric acid. Sol vent extractors
extrenely high standards (including special welding and inspection and quality
control techniques) out of |ow carbon stainless steels, titanium zirconiun
material s.

Chem cal hol ding or storage vessels

I NTRODUCTCRY NOTE

Three main process liquor streanms result from the solvent extraction step. Hol ding or stor
further processing of all three streans, as follows:

(a) The pure uraniumnitrate solution is concentrated by evaporation and passed to a denitr
converted to uraniumoxide. This oxide is re-used in the nuclear fuel cycle.

(b) The intensely radioactiveudt sssonufgrad is normal |y concentrated by evaporation and storel
concentrate. This concentrate nay be subsequently evaporated and converted to a form:
di sposal .

c e pure utonium nitrate solution is concentrated and store ending its transfer to

The p pl ut trate sol ut trated and stored pending its transfer t
particular, holding or storage vessels for plutonium solutions are designed to avoid cr
from changes in concentration and formof this stream

Especi al | y desi gnexpaored hol ding or storage vessels for use in a plant for th
irradiated fuel. The holding or storage vessels nust be resistant to the cor
The hol ding or storage vessels are nornally fabricated of materials such as |lo
titaniumor zirconium or other high quality nmaterials. Holding or storage ve
renmote operation and naintenance and may have the followng features for
criticality:

(1) wallsr internal structures with a boron equivalent of at |east two per ce
(2) a maxinumdianmeter of 175 mm (7 in) for cylindrical vessels, or

(3) amximnumwdth of 75 mm (3 in) for either a slab or annul ar vessel.



3. 6.
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I NTRODUCTCRY NOTE

In nost reprocessing facilities, this final process involves the conversion of the plutoniun
di oxi de. The main functions involved in this process are: process feed storage and adj
solid/liquor separation, calcination, product handling, ventilation, waste nmanagenent, and pr o«

Conpl ete systens especi ally designed or prepared for the conversion of plutonit
oxide, in particular adapted so as to avoid criticality and radiation effect
hazar ds.

Pl ut oni um oxi de to netal production system

I NTRODUCTCRY NOTE

This process, which could be related to a reprocessing facilikytoninvol desxitde, fhoomalnagi on o
with highly corrosive hydrogen fluoride, to produce plutonium fluoride which is subsequently

calciumnetal to produce netallic plutoniumand a calciumfluoride slag. The main functions i/
fluorination (e.g., involving equi pment fabricated or lined with a precious netal), netal redu
cruci bl es), slag recovery, product handling, ventilation, waste nanagenent and process control.

Conpl ete syst epmciesl | y designed or prepared for the production of plutonium net
adapted so as to avoid criticality and radiation effects and to mnimze toxici
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prepared therefor
| NTRODUCTORY NOTE

Nucl ear fuel elenments are manufactured from one or nore of the source or
materials nentioned in Part A of this annex. For oxide fuels, the not common |
for pressing pellets, sintering, grinding and grading will be present. M xed
gl ove boxes (or equivalent containment) until they are sealed in the cladding.
hernetically sealed inside a suitable cladding which is designed to be the pr
the fuel so as to provide suitable perfornmance and safety during reactor oper:
preci se control of processes, procedures and equipnent to extrenely high sta
order to ensure predictable and safe fuel perfornmance.

EXPLANATCRY NOTE

Itens of equiprent that are considered to fall within the nmeaning of the phrase "and equi pm
prepared” for the fabrication of fuel elenments include equi pment which:

a. normal ly comes in direct contact with, or directly processes, or controls, the production
b. seal s the nuclear material within the cladding;

C. checks the integrity of the cladding or the seal; or

d. cheks the finish treatment of the sealed fuel.

Such equi prent of systens of equi pnent may include, for exanple:

1) fully automatic pellet inspection stations especially designed or prepared for checking f
defects of fuel pellets;

2) autonati c wel di ng machi nes especially designed or prepared for wel ding end caps onto the

3) autonatic test and inspection stations especially designed or prepared for checking the
pins (or rods).

Item 3 typically includes equipnent for: a) x-ray exam nation of pin (or rod) end cap welds,
pressurized pins (or rods), and c) gamma-ray scanning of the pins (or rods) to check for corr
i nsi de.
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Items of equipnent that are considered to fall within the nmeaning of the phras
anal ytical instruments, especially designed or prepared" for the separation
i ncl ude:

Gas centrifuges and assenblies and conponents especially designed or prepared
centrifuges

I NTROCDUCTCRY NOTE

The gas centrifuge normally consists of a thin-walled cylinder(s) of between 75 mm (3 in) anc
contained in a vacuum environnent and spun at high peripheral speed of the order of 300 nis or
vertical. In order to achieve high speed the naterials of construction for the rotating cor
strength to density ratio and the rotor assenbly, and hence its individual conponents, have
close tolerances in order to mnimze the unbal ance. In contrast to other centrifuges, th
enrichnent is characterized by having within the rotor chanber a rotating disc-shaped baffl
arrangenent for feeding and extracting the UF6 gas and featuring at |east 3 separate channels,
scoops extending from the rotor axis towards the periphery of the rotor chanber. Al so cont
environnent are a nunber of critical itens which do not rotate and which although they are e
difficult to fabricate nor are they fabricated out of unique materials. A centrifuge facility
of these conponents, so that quantities can provide an inportant indication of end use.

5.1. Rotating conponents

(@) GConplete rotor assenblies:

Thin-wal l ed cylinders, or a nunber of interconnected thin-walled cylinders
one or nore of the high strength to density ration materials described in
NOTE to this Section. |[If interconnected, the cylinders are joined togethe
rings as described in section 5.1.1(c) following. The rotor is fitted wit
end caps, as described in section 5.1.1.(d) and (e) following, if in fi
conpl ete assenbly nay be delivered only partly assenbl ed.

(b) Rotor tubes:

Especial | y designed or prepared thin-walled cylinders with thickness of 12
di aneter of between 75 mm (3 in) and 400 mm (16 in), and manufactured fror
the high strength to density ratio materials described in the EXPLANATOR
Secti on.

(c) R ngs or Bellows:

Conponents especially designed or prepared to give |ocalized support to

join together a nunmber of rotor tubes. The bellows is a short cylinder ¢
(0.12 in) or less, a dianeter of between 75 nm (3 in) and 400 mm (16 in),
and manufactured from one of the high strength to density ratio materice
EXPLANATORY NOTE to this Section.

(d) Baffles:

D sc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diame
designed or prepared to be nounted inside the centrifuge rotor tube, in or
off chanber from the main separation chanber and, in some cases, to as
circulation within the nmain separation chanber of the rotor tube, and nmant
the high strength to density ratio materials described in the EXPLANATOR
Secti on.
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D sc-shaped conponents of between 75 mm (3 in) and 400 mm (16 in) dianme
designed or prepared to fit to the ends of the rotor tube, and so contain
tube, and in sone cases to support, retain or contain as an integrated
upper bearing (top cap) or to carry the rotating elenments of the notor
(bottom cap), and nmanufactured from one of the high strength to densi
described in the EXPLANATORY NOTE to this Section.

EXPLANATCRY NOTE

The materials used for centrifuge rotati ng conponents are:

()
(b)
c)

Mar agi ng steel capable of an ultinate tensile strength of 2.05 x 109 N n2 (300,000 psi) ¢
Al um ni um al | oyabloeapf an ultimate tensile strength of 0.46 x 109 N nR (67,000 psi) or not

Filamentry materials suitable for use in conposite structures and having a specific nod
greater and a specific ultimate tensile strength of 0.3 x 106 mor greater ('Specific Md
in Nn2 divided by the specific weight in NnB; "Specific Utimate Tensile Strength’
strength in NnR divided by the specific weight in NnB).

5.1. Btati c conponents

(a)

(b)

(c)

Magneti c suspensi on beari ngs:

Especial |y designed or prepared bearing assenblies consisting of an annul ¢
within a housing containing a danmping nedium  The housing wll be manui
UF6-resi stant material (see EXPLANATCRY NOTE to Section 5.2.). The nagr
with a pole piece or a second nagnet fitted to the top cap described in
magnet may be ring-shaped with a relation between outer and inner dianeter
1.6:1. The magnet nmay be in a form having an initial perneability of O.
CGS units) or nore, or a remanence of 98.5% or nore, or an energy product
kJ/n8 (107 gauss-oersteds). |In addition to the usual naterial properties,
the deviation of the nagnetic axes fromthe geonetrical axes is limted t«
(lower than 0.1 mmor 0.004 in) or that honogeneity of the material of th
called for.

Bear i ngs/ Danpers:

Especial |y designpdemared bearings conprising a pivot/cup assenbly noun

danper. The pivot is norrmally a hardened steel shaft with a hem sphere
nmeans of attachment to the bottom cap described in section 5.1.1.(e) at
may however have a hydrodynam c bearing attached. The cup is pellet-

hem spherical indentation in one surface. These conponents are often supp
danper .

Mol ecul ar punps:

Especially designed or prepared cyintrederad | hawvawdi ned or extruded helic
grooves and internally machined bores. Typical dinmensions are as foll ows
400 mm (16 in) internal dianeter, 10 mm (0.4 in) or nore wall thickness, \
to or greater than the dianeter. The grooves are typically rectangul ar
mm (0.08 in) or nore in depth.



(e)

(f)

VR AT AR

Especi al | y desi gned or prepared ring-shaped stators for high speed multiph
reluctance) notors for synchronous operation within a vacuumin the frequ
2000 Hz and a power range of 50 - 1000 VA. The stators consist of multi-j
lam nated |low | oss iron core conprised of thin layers typically 2.0 mm (0.

Centri fuge housing/recipients:

Conponents especially designed or prepared to contain the rotor tube as
centrifuge. The housing consists of a rigid cylinder of wall thickness ug
preci sion machined ends to | ocate the bearings and with one or nore flange
nmachi ned ends are parallel to each other and perpendicular to the cylinder
within 0.05 degrees or |ess. The housing may also be a honeyconb t\
acconmobdat e several rotor tubes. The housings are nade of or protected by
to corrosiongby UF

Scoops:

Especially designed or prepared tubes of up to 12 mm (0.5 in) interna
extraction ofgadFfromw thin the rotor tube by a Pitot tube action (that i
facing into the circunferential gas flowwithin the rotor tube, for exanpl
a radially disposed tube) and capable of being fixed to the central gas ¢
tubes are nade of or protected by naterials resistant to corrosion by UF
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enri chnment plants

I NTROCDUCTCRY NOTE

The auxiliary systens, equi pnent and copomentist Gge enrgachnment plant are the systens of plant 1
feed Wto the centrifuges, to link the individual centrifuges to each other to form cascad

progressively higher enrichments and to extract thg frmmodube’ cantri'fteddes’ tdgether with th
equi pnent required to drive the centrifuges or to control the plant.

Normal |y ¢fs evaporated fromthe solid using heated autoclaves and is distributed in gaseous f

way of cascade header pipewrk. The 'prodiatéowndst neans'f Il ng fromthe centrifuges are al so
by way of cascade header pipework to cold traps (operating at about 203 K (- 70 °C)) where tt
onward transfer into suitable containers for transportation or storage. Because an enrichn
thousands of centrifuges arranged in cascades there are nany kiloneters of cascade header
thousands of welds with a substantial anmount of repetition of layout. The equiprent, comnponer
fabricated to very high vacuum and cl eanl i ness st andards.

5. 2. Fee systens/product and tails w thdrawal systens
Especi al | y designed or prepared process systens including:

Feed autocl aves (or stations), usgedof ohepaesitmgfuge cascades at up to 100
(15 psi) and at a rate of 1 kg/h or nore;

Desubliners (or cold traps) used toomenhbeechBcades at up to 3 KPa (0.5
pressure. The desubliners are capable of being chilled to 203 K (- 70 °C
(70 °O);
"Product' and 'Tails' stations ugsadctforcantappiers. U
This plant, equipnent and pipework is wholly nmade of or lined with UF6-resi
EXLPANATORY NOTE to this section) and is fabricated to very high vacuum an
st andar ds.
5. 2. Machi ne header pi ping systens
Especially designed or prepared piping systens and headers syshensther handl
centrifuge cascades. The piping network is normally of the 'triple header sy
connected to each of the headers. There is thus a substantial anount of rep
whol |y nade of-rdsistant materials (see EXLPANATCRY NOTE to this section)
fabricated to very high vacuum and cl eanl i ness st andards.
5.2.3JF6 nass spectroneters/ion sources

Especi al | y designed or prepared nagnetic or quadrupol e mass spectroneters capat
sanpl es of feed, product or ;tgatsstfeams Uknd having all of the foll ow ng charac

1. Unit resolution for atomc mass unit greater than 320;
2. lon sources constructed of or line with nichrome or nmonel or nickel plated
3. El ectron bonbardnent ionization sources;

4. Having a coll ector systemsuitable for isotopic analysis.
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Frequency changers (al so known as converters or invertors) especially designed
nmotor stators as defined under 5.1.2.(d), or parts, conponents and sub-assenb
changers having all of the follow ng characteristics:

1. A multiphase output of 600 to 2000 Hz;

2. H gh stability (with frequency control better than 0.1%;
3. Low harmonic distortion (less than 2% ; and

4. An efficiency of greater than 80%

EXPLANATCRY NOTE

The itens |isted above either come into directrocesacigasi bh dheetEly control the centrifuges
passage of the gas fromcentrifuge to centrifuge and cascade to cascade.

Material s redictamtrosion by UF6 include stainless steel, alumnium alumnium alloys, nickel
60% or nore nickel.
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5. 3.

5. 3.
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I NTRODUCTCRY NOTE

In the gaseous diffusion nmethod of uraniumisotope separation, the main technol ogi cal assenbly
di ffusion barrier, heat exchanger for cooling the gas (which is heated by the process of cc

control valves, and pipelines. Inasmuch as gaseous diffusion technoldggy ali$e®qui gmemn, hexaf | uc
pi peline and instrunentation surfaces (that come in contact with the gas) nust be nade of nat
contact wtd UA gaseous diffusion facility requires a nunber of these assenblies, so that qt
i nportant indication of end use.

aseous diffusion barriers

(a) Especially designed or prepared thin, porous filters, with a pore siz
(angstrons), a thickness of 5 mm (0.2 in) or less, and for tubular forns,
(1in) or less, nmade of netallic, polymer or ceram c mnaterial andesi stant t

(b) especially prepared conpounds or powders for the manufacture of such
conmpounds and powders include nickel or alloys containing 60 per cent
al um ni um oxi de, or Ur6-resistant fully fluorinated hydrocarbon polyners
99.9 per cent or nore, a particle size less than 10 mcrons, and a high
uniformty, which are especially prepared for the nmanufacture of gaseous d

D ffuser housings

Especial | y designed of prepared hernetically sealed cylindrical vessels greatel
di aneter and greater than 900 mm (35 in) in length, or rectangul ar vessels of
whi ch have an inlet connection and two outlet connections all of which are gre
in dianmeter, for containing the gaseous diffusion barrier, nmade of or lined wi
and designed for horizontal or vertical installation.

Lonpressors and gas bl owers

Especially designed or prepared axial, centrifugal, or positive displacenen
bl owers with a suction vol une chpaci by abr& gf ddél with a di scharge pressure o
up to several hundred kPa (100 psi), designed for | opgethernompentatwdrhior the
without and electrical notor of appropriate power, as well as separate assenbl
and gas blowers. These conpressors and gas bl owers have a pressure ratio bet
are nade of, or lines with, materigal s resistant to Ur

5.3. Rotary shaft seals

5. 3.

Especi al | y designed or prepared vacuum seals, with seal feed and seal exhaust
the shaft connecting the conpressor or the gas blower rotor with the driver |
reliable seal against in-leaking of air into the inner chanber of the conpress
filled with Usuch seals are nornmally designed for a buffer gas in-|eakage rat
cmi/ min (66 mim) .

¥at exchangers for cooling UF6
Especi al | y designed or prepared heat exchangers nadesofstant| imsecrwialls (Fexcept

stainless steel) or with copper or any conbination of those netals, and intend
change rate of less than 10 pa (0.0015 psi) per hour under a pressure differen
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I NTRODUCTCRY NOTE

The auxiliary systens, equiprment and conponents for gaseous diffusion enrichment plants are th
to feedgWo the gaseous diffusion assenbly, to link the individual assenblies to each other tc

to allow for progressively higher enrichments and to extracd firlven tpreodiidtf'usameh 'tasiclasles UF
Because of the high inertial properties of diffusion cascades, any interruption in their oper
down, leads to serious consequences. Therefore, a strict and constant mai ntenance of vacuumi
autonatic protection from accidents, and precise automated regul ation of the gas flow is of
diffusion plant. Al this leads to a need to equip the plant with a large nunber of speci
control ling systens.

Normal |y 4 s evaporated from cylinders placed within autoclaves and is distributed in gaseous
by way of cascade header pipework. The "prodgestoasdstt@ians’ fUéwi ng fromexit points are passi

way of cascade header pipework to either cold traps or to conpress ors dtiajuefiseduarieort hieo UF
onward transfer into suitable containers for transportation or storage. Because a gaseous
consists of a large nunber of gaseous diffusion assenblies arranged in cascades, there are r
header pipework, incorporating thousands of welds with substantial anounts of repetition of
conponents and piping systens are fabricated to very high vacuum and cl eanl i ness st andards.

5. 4. Feed systens/product and tails w thdrawal systens

Especi al | y designed or prepared process systens, capable of operating at press
or less, including:

Feed autocl aves (or systens), usegtfoort heagsisegpud-di ffusi on cascades;
Desubliners (or cold traps) usegdftromeimvesilon cascades;

Li quef action stationss \gasr & ridin t he cascade is conpressed and cooled to fo
UFs;

"Product” or "tails" stations usedsfiant @ remsfarmensy UF
5. 4. MHeader piping systens
Especially designed or prepared piping systens and headers siyshensther handl
gaseous diffusion cascades. This piping network is normally of the "double" h
cell connected to each of the headers.

5. 4. 3/acuum syst ens

(a) Especially designed or prepared |arge vacuum mani fol ds, vacuum headers an
having a suction capaditiynof 1B5nitn) or nore.

(b) Vacuum punps especially designed for- seavicg atnddpheres made of, or line
with, alumnium nickel, or alloys bearing nore than 60% nickel. These p
rotary or positive, may have displacenent and fluorocarbon seals, and
working fluids present.

5. 4. &pecial shut-off and control val ves
Especially designed or prepared manual or autonated shut-off and control bell

UFe-resistant nmaterials with a diameter of 40 to 1500 nm (1.5 to 59 in) for i
auxiliary systens of gaseous diffusion enrichment plants.
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Especially designed or prepared magnetic or quadrupol e nmass spectroneters cag
line" sanples of feed, product og g¢as!| stirdéamsn akd having all of the follc
characteristics:

1. Unit resolution for atomc mass unit greater than 320;

2. lon sources constructed of or lined with nichronme or nonel or nickel plates
3. El ect ron bonbardnent ionization sources;

4. Collector systemsuitable for isotopic analysis.

EXPLANATCRY NOTE

The itens |isted above either cone into diregtpromesctgas tor tdierédtly control the flow withi

cascade. Al surfaces which come into contact with the process gas aregwedilst amhde of, or

materials. For the purposes of the sections relating to gaseous diffusion iteng the material
i ncl ude stainless steel, alumnium alumnium alloys, alumniumoxide, nickel or alloys contail
UF6-resistant fully fluorinated hydrocarbon pol ymers.



I NTRODUCTCRY NOTE

I'n aerodynam c enrichment processesaseoud ¥kaned of gt gas (hydrogen or heliunm) is conpressed anc
passed through separating elenents wherein isotopic separation is acconplished by the gener:
forces over a curved-all geormetry. Two processes of this type have been successfully devel of
process and the vortex tube process. For both processes the main conponents of a separatior
vessel s housing the special separation elenents (nozzles or vortex tubes), gas conpressors anc
the heat of conpression. An aerodynamc plant requires a nunber of these stages, so that ¢

important indication of end use. Si nce aerodyngm &l |pregeispesntusepiyel i ne and instrunmentati
surfaces (that cone in contact with the gas) nust be nade of naterials ghat remain stable in c

EXPLANATCRY NOTE

The items listed in this section either cone intg giroeesscogasactr witlecthg Oentrol the flow w
the cascade. Al surfaces which cone into contact with the process gas are wholly nade of or
nmaterials. For the purposes of the section relating to aerodynamc enrichnent itens, the nate
UF6 include copper, stainless steel, alumnium alloys, nickel or alloys containing 60% or nor
fully fluorinated hydrocarbon pol yners.

5. 5. Beparation nozzl es

Especial |y designed or prepared separati on sozziezsodnd adsenbéparati on nozzl e
consist of slit-shaped, curved channels having a radius of curvature |less tha
0.05 mm, resistant to corg @sidorhaby ngFa knife-edge within the nozzle that seg
gas flow ng through the nozzle into two fractions.

5.5. 2lortex tubes

Especial |y designed or prepared vortex tubes and assenblies thereof. The vort
or tapered, nmade of or protected by naterials resgstlaai ngp acodirasetoer byf UF
between 0.5 cmand 4 cm a length to dianeter ratio of 20:1 or less and with
inlets. The tubes may be equi pped wi th nozzl e-type appendages at either or bot

EXPLANATCRY NOTE

The feed gas enters the vortex tube tangentially at one end or through swirl vanes or at numer
the periphery of the tube.

5.5. Lonpressors and gas bl owers

Especi al |y designed or prepared axial, centrifugal or positive displacenment cot
made of or protected by materials resistahtandowohr @sisurct bpnUvol une capacity ¢
2 Mimn or nore gfcatfi er gas (hydrogen or helium) mxture.

EXPLANATCRY NOTE

These conpressors and gas blowers typically have a pressure ratio between 1.2:1 and 6: 1.
5.5. Rotary shaft seals

Especially designed or prepared rotary shaft seals, with seal feed and seal
sealing the shaft connecting the conpressor rotor or the gas blower rotor with
ensure a reliable seal against out-|eakage of process gas or in-|eakage of ail
chanber of the conpressor or gas bl ower whi chcisrfierl gadswint xtareF



5. 5.

5. 5.

5. 5.

5. 5.

6.

7.

8.

9.
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Especially designed or prepared heat exchangers made of or protected by m
corrosion by U

Separ ation el ement housi ngs

Especial ly designed or prepared separation el enment housings, nmade of or pr:
resi stant to corrogj dnobycdiit ai ni ng vortex tubes or separation nozzles.

EXPLANATCRY NOTE

These housings may be cylindrical vessels greater than 300 mmin dianeter and greater than ¢
be rectangul ar vessel s of conparabl e di mensions, and may be designed for horizontal or verti

Feed systens/product and talls withdrawal systens

Especial | y designed or prepared process systens or equiprment for enrichment
protected by nmaterials resistant o icarinairan by UF

(afeed aut ocl aves, ovens, or systens ugedofbhe passi cigméft process;

(bPesubliners (or cold traps) used toomenbgeendH chnent process for subseque
transfer upon heating;

(coolidification or |iquefaction stations fseoh tberenovehri#nt process by
conpressi ng and convegttiovga Uk quid or solid form

(d) Product' or 'tails' stations usedi hoo toahafaersng UF
Header piping systens

Especi al | y desi gnedred peader piping systens, nmade of or protected by nateri
to corrosion goyfbF handl ishai thin the aerodynam c cascades. This piping net
normal |y of the 'double' header design with each stage or group of stages ci
header s.

Vacuum systens and punps

(aEspeci al |y designed or prepared vacuum systems having a¥swctian capacit)
nore, consisting of vacuum nmani fol ds, vacuum headers and vacuum punps, an
service i@abdaring at nospheres,

(bMacuum punps especi al |y designed or prepareds bent isieg vateosphddes and
made of or protected by naterials resistant toTlase opuops byayJruse
fl uorocarbon seals and special working fluids.

5.5.10.Speci al shut-off and control val ves

Especial |y designed or prepared nmanual or automated shut-off control bell ow
protected by materials resistant te warhosi ahabgtd&f of 40 to 1500 mm foi
installation in main and auxiliary systens of aerodynam c enrichment plants.
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Especi al |y designed or prepared nagnetic or quadrupol e nass spectroneters ca
line' sanples of feed, 'product' sogastatrsansfrach bBving all of the follc
characteristics:

1. Unit resolution for mass greater than 320;

2.1on sources constructed of or lined with nichrome or nonel or nickel plater
3. H ectron bonbardnent ionizati on sources;

4. Col | ect or syst ene sfubtt absot opi ¢ anal ysi s.

UF6/ carrier gas separation systens

Especial |y designed or prepared process systgrfs dorcaseparatgasy (fydr ogen or
hel i unj.

EXPLANATCRY NOTE

These systens are designed to gedooeenthei tFthe carrier gas to 1 ppm or less and may in
equi pnent such as:

(a)Cryogeni ¢ heat exchangers and cryoseparators capabl e of tenperatures of -120 °C or |ess, ¢
(b)Cryogenic refrigeration units capable of tenperatures of -120 °C or |ess, or
(c)Separation nozzle or vortex tube units fog ftriven oepan &ri gasyf ddF

(d)UFg col d traps capabl e of tenperatures of -20 °C or |ess.
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I NTRODUCTCRY NOTE

The slight difference in mass between the isotopes of uranium causes small changes in chemc
can be used as a basis for separation of the isotopes. Two processes have been successfull
cheni cal exchange and solid-1iquid exchange.

In the liquid-l1iquid exchange process, immiscible |liquid phases (aqueous and organic) are co
give the cascading effect of thousands of separation stages. The aqueous phase consists
hydrochloric acid solution; the organic phase consists of an extractant containing uranium ct
The contactors enployed in the separation cascade can be liquid-liquid exchange col ums (such
sieve plates) or liquid centrifugal contactors. Chem cal conversions (oxidation and reductior
the separation cascade in order to provide for the reflux requirenents at each end. A najor
contam nation of the process streans with certain nmetal ions. Plastic, plastic-lined (in
pol yners) and/or glass-lined colums and piping are therefore used.

In the solid-1iqehdngenpexcess, enrichment is acconplished by urani um adsorption/desorption ot
fast-acting, ion-exchange resin or adsorbent. A solution of uraniumin hydrochloric acid ai
passed through cylindrical enrichment colums containing packed beds of the adsorbent. For a
systemis necessary to release the uranium from the adsorbent back into the liquid flow so tF
collected. This is acconplished with the use of suitable reduction/oxidation chem cal agents
separate external circuits and that may be partially regenerated within the isotopic separati
presence of hot concentrated hydrochloric acid solutions in the process requires that the equi
by special corrosion-resistant naterials.

5.6. Liquid-1iquid exchange col utms (Chem cal exchange)

Countercurrent |iquid-liquid exchange colums having nechani cabl porer input (i
with sieve plates, reciprocating plate colums, and colums with internal tur
designed or prepared for uranium enrichrment using the chem cal exchange proc:
resi stance to concentrated hydrochloric acid solutions, these colums and theit
protected by suitable plastic materials (such as fluorocarbon polyners) or gli
time of the colums is designed to be short (30 seconds or |ess).

5.6.2iquid-liquid centrcbobogactors chem cal exchange)

Liquid-liquid centrifugal contactors especially designed or prepared for urani
chem cal exchange process. Such contactors use rotation to achieve dispersi
aqueous streans and then centrifugal force to separate the phases. For c
concentrated hydrochloric acid solutions, the contactors are nmade of or are |
material s 9such as fluorocarbon polyners) or are lined with glass. The stag
centrifugal contactors is designed to be short (30 seconds or |ess).

5. 6. 3kraniumreduction systens and equi pnent (chem cal exchange)

(a) Especially designed or prepared electrochem cal reduction cells to reduc
val ence state to another for uranium enrichnent using the chem cal exchang
materials in contact with process solutions must be corrosion resist:
hydrochl oric acid sol utions.

EXPLANATCRY NOTE

The cell cathodiactoemp rmust be designed to prevent re-oxidation of uraniumto its higher
keep the uraniumin the cathodic conpartment, the cell may have an inpervious di aphragmn
of special cation exchange naterial. The cathode consists of a suitable solid conductor
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of the organic stream adjusting the acid concentration and feeding to
reduction cells.

EXPLANATCRY NOTE

These systens consist of solvent extraction equi pﬁf'entrdmrtfﬁrbpgangctbm&am into an

aqueous solution, evaporation and/or other equipnent to acconplish solution pH adjustn
punps or other transfer devices for feeding to the electrochem cal reduction cells. A
avoid contam nation of the aqueous streamw th certain nmetal ions. Consequently, for th
the process stream the systemis constructed of equipnent nade of or protected by sui
gl ass, fluorocarbon pol yners, polyphenyl sulfate, polyether sulfone, and resin-inpregnat el

5. 6. &£eed preparati on systens (Chem cal exchange)

Especi al |y designed or prepared systens for producing high-purity urani um chl ol
chem cal exchange urani um i sotope separation plants.

EXPLANATCRY NOTE

These systens consist of dissolution, solvent extraction and/or ion excheslgectequiypient for p
cells for reducing t he®uomnfuro )  These systens produce urani um chloride solutions having or
parts per mllion of metallic inpurities such as chromum iron, vanadium nolybdenum and ot hel
val ent cations. Materials of construction for portions of t Hé Byt ede pgbasssi hjubr ghapbonty L
pol yners, pol yphenyl sulfate or polyether sulfone plastic-lined and resin-inpregnated graphite.

5. 6. %k ani um oxi dati on system caC exchange)

Especi al |y designed or prepared systens™f oo “tiiatatierurai tb the urani um i sot op
separation cascade in the chem cal exchange enrichnent process.

EXPLANATCRY NOTE
These systens may incorporate equi pnent such as:

(a) Equipnent for contacting chlorine and oxygen with the aqueous effluent from the isotope
and extracting the resultant U+4 into the stripped organic streamreturning fromthe prod

(b) Equipnent that sepawdter from hydrochloric acid so that the water and the concentrated
nmay be reintroduced to the process at the proper |ocations.

5. 6. Grast-reacting i on exchange resins/adsorbents (ion exchange)

Fast-reacting ion-exchange resins or adsorbents especially designed or pr
enri chment using the ion exchange process, including porous nmacroreticular re
structures in which the active chem cal exchange groups are limted to a coati
i nactive porous support structure, and other conposite structures in any si
particles or fibers. These ion exchange resins/adsorbents have dianeters of |
be chemcally resistant to concentrated hydrochloric acid solutions as well as
so as not to degrade in the exchange colums. The resins/adsorbents are especi
very fast urani umisotope exchange kinetics (exchange rate half-time of less t
capabl e of operating at a tenperature in the range of 100 °Cto 200 °C
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Cylindrical colums greater than 1000 mmin dianmeter for containing and suppor
i on exchange resin/adsorbent, especially designed or prepared for uranium enr
exchange process. These columms are nade of or protected by materials (s
fluorocarbon plastics) resistant to corrosion by concentrated hydrochloric
capabl e of operating at a tenperature in the range of 100 °C to 200 °C and pr
(102 psi).

5. 6. 8.0on exchange reflux systens (lon exchange)

(a) Especially designed or prepared chem cal or electrochemcal reduction syst
of the chem cal reducing agent(s) used in ion exchange urani um enrichment

(b) Especially designed or prepared chem cal or electrochem cal oxidation syst
of the chem cal oxidizing agent(s) used in ion exchange urani um enri chnent

EXPLANATCRY NOTE

The ion exchange enrichment process nay use, for exarrpﬁa, asr avakdnti hgt aat uon(Th whi ch case the
reducti on system woul d rebsebgraedud’l ﬁ4g Ti

The process may use, for exanple, f?’)i\aﬂem oxiatar{tFd n whi ch case the oxidation systemwould r
Fe™ by oxi di ziﬁg Fe
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enrichnent plants.

I NTROCDUCTCRY NOTE

Present aystfor enrichnent processes using lasers fall into two categories: those in which
atonmic uranium vapor and those in which the process nmedium is the vapor of a uranium cao
nonencl ature for such processes include: first category - atomi c vapor |aser isotope separatiac
category - nolecular |aser isotope separation (MIS or MOXOLIS) and chemical reaction by i
activation (CRISLA). The systens, equi pment and conponents for |aser enrichrment plants enbra
uraniumnetal vapor (for selective photo-ionization) or devices to feed the vapor of a uran
di ssoci ation or chemcal activation); (b) devices to collect enriched and depl eted urani um net:
first category, and devices to collect dissociated or reacted conpounds as 'product’ and unaf
second category; (c) process laser systens to selectively excite the uranium 235 species; ai
product conversion equiprent. The conplexity of uranium atons and conpounds nay require incol
nunber of avail abl e | aser technol ogi es.

EXPLANATCRY NOTE

Many of the itens in this section come into direct contact with uraniumnetal vapor or liquid ¢
of Wror a mxture @ndUet her gases. Al surfaces that cone into contaat ewinhbl t henadani um of L
of or protected by corrosion-resistant materials. For the purposes of the section relating t
the materials resistant to corrosion by the vapor or liquid of uraniumnmetal or uranium alloys

and tantal um and the materials resistang i hal uder c®pper by stki nl ess steel, alum mum alum
al l oys, nickel or alloys containing 60 % girewirg anitckiall land IWor i nat ed hydr ocar bon pol yners.

5. 7. 1k ani um vapori zation systens (AVLIYS)

Especial |y designed or preparediuzaanonmsyapens which contain high-power stri

r

scanni ng el ectron beamguns with a delivered power on the target of nmore than =
5.7.2iquid uraniumnetal handling systens (AVLIYS)

Especial ly designed or prepared liquid nmetal handling systens for nolten urani
consi sting of crucibles and cooling equipnent for the crucibles.

EXPLANATCRY NOTE
The crucibles and other parts of this systens that come into contact with nolten uraniumor ur

protected by materials of suitable corrosion and heat resistance. Suitable materials include
graphite coated with other rare earth oxides (see INFORC 254/ Rev. 1l/part 2, item2.7) or mxtl

5.7.3raniumnetal 'product’ and 'tails' collector assenblies (AVLIYS)

Especial |y designed or prepared 'product' and 'tails' collector assenblies for
solid form

EXPLANATCRY NOTE

Conponents for these assenblies are nmade of or prots¢aned tloy tinet draaal e corrosi on of urani umn
vapor or liquid (such as yttria-coated graphite or tantalun) and may include pipes, valves, fi
heat exchangers and collector plates for nmagnetic, electrostatic or other separation nethods.
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Especially designed or prepared cylindrical or rectangular vessels for contai
vapor source, the electron beamgun, and the 'product’ and 'tails' collectors.

EXPLANATCRY NOTE

These housings have multiplicity of ports for electrical and water feed-throughs, |aser bea
connections and instrumentation diagnostics and nonitoring. They have provisions for openii
refurbi shment of internal conponents.

Super soni ¢ expansi on nozzles (MIYS)

Especi al | y designed or prepared supersoni c expansi on nozzl es anor cagoliiarg m xtu
gas to 150 K or less and which are corrgsion resistant to UF

@k ani um pent af | wrprdbduct col | ectors (MIS)

Especial |y designed or prepared urani umspesvhitlupriodec{ Ueol | ectors consi sting
filter, inmpact, or cyclone-type collectors, or conbinations thereof, and which
t he JFUR envi ronnent.

TFd carrier gas conpressors (MIYS)

Especial |y designed or prepared conpressores fgas Wk xtures, designed for |ong
operation ins &UFronnent. The conponents of these conpressors that come intc
process gas are nmade of or protected by naterials rgsistant to corrosion by UF

Fotary shaft seals (MIYS)

Especially designed or prepared rotary shaft seals, with seal feed and seal
sealing the shaft connecting the conpressor rotor with the driver notor so as
agai nst out-| eakage of process gas or in-leakage of air or seal gas into t
conpressor which is fill gdcavitihrera ¢& m xture.

%l uorination systens (MlIYS)
Especilal designed or prepared systens foy (Slolod)natd aes )U-

EXPLANATCRY NOTE

These systens are designed to fluorinatepdvdercdlde®edsubsequent col |l ection in product contair
or for transfer as feed to MIS units for additional enrichnent. In one approach, the fl
acconpl i shed within the isotope separation system to react and recover directly off the 'prc
approach, thepoRder may be renoved/transferred from the 'product’ collectors into a suitable
fluidi zed-bed reactor, screw reactor or flane tower) for fluorination. In both approaches,
transfer of fluorine (or other suitable fluorinating agents) gnaré&ousedl|ection and transfer of
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5.7.13.
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Especi al | y designed or prepared nagnetic or quadrupol e nass spectroneters ca
line' sanples of feed, 'product' sogastatrsansfmrach bBving all of the follc
characteristics:

1. Unit resolution for mass greater than 320

2. 1on sources constructed of or lined with nichrome or nonel or nickel plater
3. H ectron bonbardnent ionization sources;

4. Col l ector systemsuitable for isotopic analysis.

Feed systens/product and tails w thdrawal systens (MIYS)

Especial |y designed or prepared process systens or equipment for enrichment
protected by nmaterials resistant o icarinairan by UF

(a)Feed aut ocl aves, ovens, or systens ugedofDhe passi cigméft process

(bPesubliners (or cold traps) used toomenbgeendH chnent process for subseque
transfer upon heati ng;

(coolidification or |liquefaction stations fsenh tberenpbvehri#nt process by
conpressi ng and convegttiovga Uk quid or solid form

(dy Product' or 'tails' stations usedifnbro tcoemsi everisng U
UF¢ carrier gas separation systens (MIYS)

Especi al | y ddsiogner epared process systens faoy fseparcarirngrUgas. The carrier
gas may be nitrogen, argon, or other gas.

EXPLANATCRY NOTE

These systens may incorporate equi pnent such as:

(a)Cryogeni ¢ heat exchangers or cryoseparators capabl e of tenperatures of -120 °C or less, ol
(b)Cryogenic refrigeration units capable of tenperatures of -120 °C or |ess, or

(c)UFe col d traps capabl e of tenperatures of -20 °C or |ess.

Laser systenms (AVLIS, M.IS and CRI SLA)
Lasers or | asers ®|sgteci al |y designed or prepared for the separation of uranit

EXPLANATCRY NOTE

The lasers and | aser conponents of inportance in |aser-based enrichnent processes include tt
or INFO RC 254/ Rev. 1/Part 2. The laser systemfor the AVLIS process usually consists of tv
laser and a dye laser. The laser systemfor MI$S wsuaxc neondiastes @inda a0Onul ti - pass optic
cell with revolving mrrors at both ends. Lasers or |aser systens for both processes re
stabilizer for operation over extended periods of tine.
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separation enrichment plants.

I NTROCDUCTCRY NOTE

In the plasna separation process, a plasma of uraniumions passes th‘f’?’augh Hme eplegsmac field tu
whi ch is nade by ionizing uraniumvapor, is contained in a vacuum chanber with a high-strength
by a superconducting nmagnet. The nain technol ogical systens of the process include the ura
system the separator module with superconducting nmagnet (see item 3.10 of |NFC RC 254/ Rev.

renoval systens for the collection of ‘product’ and ‘tails’.

M crowave power sources and ant ennae

Especi al | y designed or prepared mcrowave power sources and antennae for produ
ions and having the following characteristics: greater than 30 GHz frequency
mean power output for ion production.

2.0on excitation coils

Especial |y designed or prepared radio frequency ion excitation coils for frequ
kHz and capabl e of handling nore than 40 kW nean power.

3k ani um pl asma generati on systens

Especially designed or prepared systens for the generation of uranium plasnma
hi gh- power strip or scanning el ectron beamguns with a delivered power on the i
kWcm

4iquid urani un ate handl i ng systens

Especially designed or prepared liquid netal handling systens for nolten urani
consi sting of crucibles and cooling equipnent for the crucibles.

EXPLANATCRY NOTE

The crucibles and other parts of this systemthat come into contact with nolten uraniumor uri
protected by naterials of suitable corrosion and heat resistance. Suitable materials include
graphite coated with other rare earth oxides (see INFORC 254/ Rev. 1/Part 2, item2.7) or mxti

5.8. 8raniumnetal ‘product’ and ‘tails’ collector assenblies

Especially designed or prepared ‘product’ and ‘tails’ collector assenblies fo
form These collector assenblies are made of or protected by materials res
corrosi on of uraniumnetal vapor, such as yttria-coated graphite or tantal um

5. 8. Geepar at or nodul e housi ngs

Cylindrical vessels especially designed or preparedohoenusehimanpl psant separ at
containing the wuranium plasma source, radio-frequency drive coil and the
col l ectors.

EXPLANATCRY NOTE

These housings have a multiplicity of ports for electrical feed-throughs, diffusion punp conr
di agnostics and nonitoring. They have provisions for opening and closure to allow for r
conponents and are constructed of a suitable non-nmagnetic material such as stainless steel.
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enri chnment plants
| NTRODUCTORY NOTE

In the electromagnetic process, uranium netal ions produced by ionization of
(typically)Uale accel erated and passed through a nmagnetic field that has the ¢
ions of different isotopes to follow different paths. The maj or conponents
i sotope separator include: a magnetic field for ion-beam diversion/separati ol
source with its acceleration system and a collection systemfor the separatec
for the process include the magnet power supply system the ion source high-
system the vacuum system and extensive chem cal handling systens for recov
cl eani ng/ recycling of conponents.

5.9. El ectromagneti c i sotope separators

El ectronmagnetic isotope separators especially designed or prepared for the
i sot opes, and equi pnent and conponents therefor, including:

(a) lon sources

Especial ly designed or prepared single or multiple uraniumion sources ci
source, ionizer, and beam accelerator, constructed of suitable materia
stainless steel, or copper, and capable of providing a total ion beam
greater.

(b) lon collectors

Col l ector plates consisting of two or nore slits and pockets especially di
collection of enriched and depleted uranium ion beans and constructed of
such as graphite or stainless steel.

c¢) Vacuum housi ngs

Especially designed or prepared vacuum housings for uranium el ectronagn
constructed of suitable non-magnetic materials such as stainless steel and
at pressures of 0.1 Pa or |ower.

EXPLANATCRY NOTE

The housings are specially designed to contain the ion sources, collector plates and water-coc
for diffusion punp connections and opening and closure for renoval and reinstallation of these

(d) Magnet pol e pieces

Especi al | y designed or prepared nmagnet pol e pieces having a dianeter great
mai ntain a constant nmagnetic field within an el ectronmagnetic isotope sepe
the magnetic field between adjoining separators.

5.9. H gh vol tage power supplies

Especially designed or prepared high-voltage power supplies for ion sources
follow ng characteristics: capabl e of continuous operation, output voltage
output current of 1 A or greater, and voltage regulation of better than 0.019
hour s.
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Especial |y designed or prepared high-power, direct current magnet power suppl
followi ng characteristics: capable of continuously producing a current output
voltage of 100 V or greater and with a current or voltage regul ation better th

8 hours.
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and equi prrent especi al |y designed or prepared therefor
| NTRODUCTCRY NOTE

Heavy water can be produced by a variety of processes. However, the two processes that have |
vi abl e are the water-hydrogen sul phi de exchange process (GS process) and the ammoni a- hydrogen €

The GS process is based upon exchange of hydrogen and deuterium between water and hydrogen sul
of towers which are operated with the top section cold and the bottom section hot. Wter flow
hydr ogen sul phide gas circulates fromthe bottomto the top of the towers. A series of perfor
m Xxi ng between the gas and the water. Deuteriummgrates to the water at |ow tenperatures an
at high tenperatures. Gas or water, enriched in deuterium is renoved fromthe first stage tc
and cold sections and the process is repeated in subsequent stage towers. The product of the
to 30%in deuterium is sent to a distillation unit to produce reactor grade heavy water; i.e

The ammoni a- hydr ogen exchange process can extract deuterium from synthesis gas through contact
in the presence of a catalyst. The synthesis gas is fed into exchange towers and to an amr
towers the gas flows fromthe bottomto the top while the liquid ammonia flows fromthe top to
is stripped fromthe hydrogen in the synthesis gas and concentrated in the ammonia. The am
ammoni a cracker at the bottom of the tower while the gas flows into an amonia converter at tf
takes place in subsequent stages and reactor grade heavy water is produced through final disi
feed can be provided by an amonia plant that, in turn can be constructed in association wt
hydr ogen exchange plant. The ammoni a- hydrogen exchange process can al so use ordinary water
deut eri um

Many of the key equipnent itens for heavy water production plants using GS of the ammonia
processes are common to several segments of the chemical and petroleum industries. This is
plants using the GS process. However, few of the itens are available “off-the-shell”. The
processes require the handling of large quantities of flammable, corrosive and toxic flui
Accordingly, in establishing the design and operating standards for plants and equi pnent usi
attention to the naterials selection and specifications is required to ensure long service |if
factors. The choice of scale is primarily a function of econonmcs and need. Thus, nost of t
prepared according to the requirements of the custoner.

Finally, it should be noted that, in both the GS and the ammoni a- hydrogen exchange processes,
individually are not especially designed or prepared for heavy water production can be assenb
especi al |y designed or prepared for producing heavy water. The catal yst production system usel
exchange process and water distillation systens used for the final concentration of heavy wat
process are exanpl es of such systens.

The itens of equi pment which are especially designed or prepared for the production of heavy
wat er - hydr ogen sul phi de exchange process or the ammoni a- hydr ogen exchange process include the f

Water - Hydrogen Sul phi de Exchange Towers

Exchange towers fabricated from fine carbon steel (such as ASTM A516) with dii
ft) to 9 m(30 ft), capable of operating at pressures greater than or equal to
corrosion allowance of 6 mm or grater, especially designed or prepared for h
utilizing the water-hydrogen sul phi de exchange process.

Bl owers and Conpressors

Single stage. low head (i.e., 0.2 MPa or 30 psi) centrifugal blowers or com
sul phide gas circulation (i.e., gas contajS)i reppawialt lyardesdygndd or prepared f
heavy water production utilizing the water-hydrogen sul phide exchange process
conpressors have a throughput capacity greater’ shaondr (£80aD000SEBEMN whi | e
operating at pressures greater than or equal to 1. MPa (260 psi) suction and
wet b servi ce.
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Ammoni a- hydr ogen exchange towers greater than or equal to 35 m(114,3 ft) in h
of 1.5 m (4.9 ft) to 2.5 m (8.2 ft) capable of operating at pressures greate
especially designed or prepared for heavy water production utilizing the amon
pr ocess. These towers also have at |east one flanged, axial opening of the
cylindrical part through which the tower internals an be inserted or w thdrawn.

. Tower Internals and Stage Punps

Tower internals and stage punps especially designed or prepared for tower:
production utilizing the ammoni a-hydrogen exchange process. Tower internals
desi gned stage contactors which pronote intimate gas/liquid contact. Stage pL
desi gned subnersi bl e pumps for circulation of liquid ammonia within a contactit
stage towers.

. Ammoni a O ackers

Amoni a crackers with operating pressures greater than or equal to 3 MPa (-
desi gned or prepared for heavy water production utilizing the amoni a- hydr ogen

. Infrared Absorption Anal yzers

Infrared absorption anal yzers capable of “on-line” hydrogen/deuteriumratio an
concentrations are equal to or greater than 90%

. Catalytic Burners

Catal ytic burners for the conversion of enriched deuteriumgas into heavy watel
prepared for heavy water production utilizing the amoni a- hydrogen exchange prc

. Conpl ete heavy water upgrade systens or colums therefor

Conpl ete heavy water upgrade systens, or colums therefor, especially designec
upgrade of heavy water to reactor-grade deuterium concentration.

EXPLANATCRY NOTE

These systens, which usuay Iwatesp di stillation to separate heavy water fromlight water, are esg
prepared to produce reactor-grade heavy water (i.e., typically 99.75% deuterium oxide) from
| esser concentrati on.
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I NTRODUCTCRY NOTE

Urani um conversion plants and systens may performone or nore transfornmations from one urani u
anot her, incl udi ng: conversion of urani um oge coneEsrdirat gsft oldOOconver si on of urani um
oxides ta, OF &F conversi on soft oUEF conversi on ot oUEF conver si on s0oft oUkir ani um netal, and
conversi on of wuranium fl uori dédnyo ofOt he key equi pnent itens for urani um conversion plants are
several segnents of the chem cal process industry. For exanple, the types of equipnent enpl oy

i ncl ude: furnaces, rotary kilns, fluidized bed reactors, flane tower reactors, liquid centr
liquid-liquid extraction colums. However, few of the itens are available “off-the-shelf”;
according to the requirements and specifications of the custoner. In some instances, speci

considerations are required to address the corrosive properties of song @tFtaedchemcals h
uranium fluorides). Finally, it should be noted that, in all of the urani um conversion proces
individually are not especially designed or prepared for uranium conversion can be assenbl ec
especi al |y designed or prepared for use in urani um conversi on.

Especi al | y designed or prepared systens for the conversion of urangum ore conce

EXPLANATCRY NOTE

Conversi on of uranium ore concentcat esetped®@rnmed by first dissolving the ore in nitric acid
purified uranyl nitrate using a solvent such as tributyl phosphate. Next,eittheruranyl nitrat:
concentration and denitration or by neutralization with gaseous ammoni a to produce amroni um di
filtering, drying, and cal cining.

Especi al | y designed or prepared systens for thgtoorgfersi on of UO

EXPLANATCRY NOTE

Conversion of; 1 kFcan be perforned directly by fluorination. The process requires a source
chlorine trifluoride.

Especi al | y designed or prepared systens for thgtoory@rsion of UO
EXPLANATCR Y NOTE

Conver si on of tWO Wocan be perforned through reduettbncoackd ammoni a gas or hydrogen.
Especi al | y desi gned or prepared systens for thetookfersion of UF
EXPLANATCRY NOTE

Conver si on of tW Wcan be performed by reaeiihghyl ogen fluoride gas (Mg at 300-500
Especi al | y desi gned or prepared systens for thetookfersion of UF

EXPLANATCRY NOTE
Conversion pftdJbH s perforned by exothermc reaction with fluorineisncantdensedr €éaotrot he UF

hot effluent gases by passing the effluent stream throkgh aTbe ¢riocgsscoaqed res alGour ce of
fluorine gas.

Especial | y designed or prepared systens for the tonVemsian of UF

EXPLANATCRY NOTE

Conversion ofs t U metal is perforned by reduction with magnesium (large batches) or ¢
batches). The reaction is carried out at tenperatures above the°Gelting point of uranium
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EXPLANATORY NOTE

Conversion of tW Wocan be perforned by one of three processess réedutbe &ndshydFol yzed

to U® using hydrogen and steam In thesshygdnd| yxBd by solution in water, ammonia is add
preci pitate ammonium diuranate, and the diuranabewitsh riedircegent EGCUB20n the third
process, gaseows @F and NHare conbined in water, precipitate amonium uranyl carbonate
amoni um uranyl carbonate is conbined with steam and °Qytoogeel dt UsD0- 600

UFe to WOconversion is often perforned as the first stage of a fuel fabrication plant.

Especi al | y desi gned or prepared systens for the tonyersion of UF

EXPLANATCRY NOTE

Conversion of tW WH s performed by reduction with hydrogen.
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CRI TERI A FOR LEVELS OF PHYSI CAL PROTECTI ON

The purpose of physical protection of nuclear materials is to prevent ur
handling of these materials. Paragraph 3(a) of the Guidelines docunent «
anong suppliers on the levels of protection to be ensured in relation to th
equi pnrent and facilities containing these materials, taking account
reconmendat i ons.

Paragraph 3 (b) of the Cuidelines docunent states that inplenmentation of m
protection in the recipient country is the responsibility of the Governm
However, the levels of physical protection on which these nmeasures have to
the subject of an agreenment between supplier and recipient. In this conte
shoul d apply to all States.

The docunent | NFCIRC/ 225 of the International Atom c Energy Agency entitlec
Protection of Nuclear material” and simlar docunments which fromtinme to ti
international groups of experts and updated as appropriate to account for c
the art and state of know edge with regard to physical protection of nuclea
basis for guiding recipient States in designing a system of physical proi
pr ocedur es.

The categorization of nuclear material presented in the attached table or
from tine to tinme by nutual agreenment of suppliers shall serve as the
designating specific levels of physical protection in relation to the t
equi prent and facilities containing these materials, pursuant to paragraph
Qui del i nes docunent .

The agreed |evels of physical protection to be ensured by the conpetent neg
the use, storage and transportation of the materials listed in the att¢
m ni mum i ncl ude protection characteristics as foll ows:

CATEGCORY |11
Use and Storage hin an area to which access is controlled.

Transportationder special precautions including prior arrangenents anong ser
and carrier, and prior agreenment between entities subject to the jurisdic
supplier and recipient States, respectively, in case of international tre
pl ace and procedures for transferring transport responsibility.

CATEGORY ||

Use and Storagdg hin a protected are to which access is controlled, i.e., an
surveillance by guards or electronic devices, surrounded by a physical ba
nunber of points of entry under appropriate control, or any area with an
physi cal protection.

Transportationder special precautions including prior arrangenents anong ser
and carrier, and prior agreenment between entities subject to the jurisdic
supplier and recipient States, respectively, in case of international tra
pl ace and procedures for transferring transport responsibility.



A e e

Materials in this category shall be protected with highly reliable systent
use as follows:

Use and storagéhin a highly protected area, i.e., a protected area as defi
above, to which, in addition, access is restricted to person whose trusi
determ ned, and which is under surveillance by guards who are in close cc
appropriate response forces. Specific measures taken in this context ¢
objective the detection and prevention of any assault, unauthorized acce
renmoval of material.

Transportati ander special precautions as identified above for transportatic
and Il materials and, in addition, under constant surveillance by escorts
whi ch assure cl ose comuni cation with appropriate response forces.

Suppliers should request identification by recipients of those agencies

responsibility for ensuring that |levels of protection are adequately net an
for internally co-ordinating response/recovery operations in the event of
handl ing of protected materials. Suppliers and recipients should al so desi
within their national authorities to co-operate on matters of out-of-coun
other matters of nutual concern.



TABLE: CATEGORI ZATI ON OF NUCLEAR MATERI AL

Cat egory
Mat eri al Form I I
1. Pl utoniafim | Uni rr adi af §d* 2 kg or nore Less than 2 kg but
2. Uranium 235 Uni rradi atlgd* [

- urani um enri ched®o ®0%ore 5 kg or nore Less than 5 kg but

- urani um enri ched®fo HO%I ess 10 kg or nore
than 20%

- urani um enri ched above natural, but -

| ess t h& L0
Ur ani um 233 Uni rr adi af eg* 2 kg or nore Less than 2 kg but
I rradi ated fuel Depl eted or natural

| owenriched fuel (
contenf pf[f]

As ightified in the Trigger List.

Material not irradiated in a reactor or material irradiated in a reactor but w
unshi el ded.

Less thanadi ol ogically significant quantity should be exenpted.

Nat ural uranium depleted uranium and thoriumand quantities of uranium enricl
accordance wi th prudent managenent practice.

Al though this |evel of protmeended,istreoul d be open to States, upon eval uation
of physical protection.

Q her fuel which by virtue of its original fissile material content is classifi
while the radiation | evel fromthe ddsélhocexcedd tXite netre unshi el ded.



