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

I. The Director General has received letters concerning the export of nuclear material
and of certain categories of equipment and other material from the following Resident
Representatives to the International Atomic Energy Agency: a letter dated 28 February 1994
from the Resident Representative of France; letters dated 1 March 1994 from the Resident
Representatives of Australia, Austria, Bulgaria, Canada, the Czech Republic, Denmark,
Finland, Germany, Greece, Hungary, Ireland, Japan, Luxembourg, Netherlands, Norway,
Poland, Portugal, Spain, Sweden, the United Kingdom of Great Britain and Northern Ireland,
and the United States of America; and a letter dated 22 March 1994 from the Resident
Representative of Romania.

2. In the light of the wish expressed at the end of each letter, the text of the letters is
attached hereto.
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LETTER

I have the honour to refer to [relevant previous communication(s)] from the
Resident Representative of [Member State] to the International Atomic Energy
Agency.

In the years since the procedures described in INFCIRC/209 were
formulated for the export of certain categories of equipment and material
especially designed or prepared for the processing, use or production of
special fissionable material, developments in nuclear technology have
brought about the need to clarify parts of the Trigger List originally
incorporated in Memorandum B of INFCIRC/209. Such clarifications have
been covered in INFCIRC/209/Mods.1, 2 ,3 and 4 (consolidated in
INFCIRC/209/Rev.1) and in INFCIRC/209/Rev.1/Mod.1.

My Goverment now thinks it desirable further to clarify those parts of the
Trigger List which refer to equipment especially designed or prepared for the
separation of isotopes of uranium; and to primary coolant pumps. I
therefore wish to inform you that the existing sections 1 and 5 of the Annex
to INFCIRC/209/Rev.1 (Clarification of Items on the Tigger List) should be

replaced by the text set out in the attachment to this letter.

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 contro!, if it wishes, the export of relevant items other than
those specified in the aforementioned attachment to this letter.

[The Government of (Member State), so far as trade within the European
Union is concerned, will implement these procedures in the light of its
commitments as a Member State of that Union}'

I should be grateful if you would circulate the text of this letter and its
attachment to all Member States for their information.

' This paragraph is included only in the letters sent by the Governments of Belgium,
Denmark, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal,
Spain, and the United Kingdom of Great Britain and Northern Ireland.
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Annex

ANNEX
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(AS DESIGNATED IN SECTION 2 OF MEMORANDUM B)

Reactors ana equipment theretor

Compiete nuciear reactors

Nuctear reactors capable Gt coeranon so as (6 maimain a cemreited seif-sustaining fission
chain reaction. exciuding zero energy reactors, the latter being gefinea as reactors with a
designea maximum raie ot proguction ot plutonmium not exceeaing 100 grams ger year.

EXPLANATORY NQTE

A "nucieas reactor” basically Inciuces Me ilems wiin or aflacned Girecly (0 e reactor vessel. he eawoment which
CINUOIS 1@ Iever of POWES IN The cOre. ana e COMOCNeNnts wNicN normaily CONtAIN Cr Came IN JYect Contact with of
convol he pnmary coolant of the reactor core.

it is not INtBNCeA 1O axcluGe reactrs which couid reasonanly be capadie of mocificaton o procuce signsficanty Mo
Nan 100 grams of plUtoWT 08r Yeas. Reactors 09s8Ignec for SUSLAUNGO ODEFAtON al IGNMCANt POWEr IVeIs, regasciess
of e capACTY tOr DILISNIUM DroGUCICN. ar@ NOt CONSICErat as ‘ZEro Onergy reactors’.

EXPORTS

The expart of the wricle sat of major itams within is bounaary Wil take piace onfy in accordance with he procecures of
the Guidelines. Those individual ilems within ths funcuonaly defingd bouncary wnich will be exported only N
accorcance with the orocedwas of he Guideines are i<'ad in paragrapns 1.2 © 1.7. The Govermment ressrves he
ngnt ©© apply the proceaures of tie Gukielings t omer tems witn N funcoonalty defined bounaary.

Reactor pressure vesseis

Metal vessels. as complete unts or as major shop-fabricated carns theretor. which are
especially designea or prepareg@ 1o ccntain the ccre of a nuciear reactor as defined in
paragrapn 1.1. above ana are capaole o wrhstanairg the operatng pressure of the pnmary

cecolant.

SXPLANATORY NOTE
A {Op plate {or a reactor pressure vessgl IS covered By item 1.2, a8 3 Maor SNoo-rabncatea part of 3 Pressue vessel.

Reactor internals (8g supoon coimMNS ano plales Icr M Core and oMer vessel iNtefnals, Control roa guise uhes.
Themai snielas. oartles, core qna clates. aitfuser oiates. elc.) are nomMally syppiea oy 1e reactor SUDpIer. In some
cases. certan INteMmal SUOPOT CCMDSNANtS /e INCUCEd N 1@ fabncalon of the cressure vessel. These IBMS ae
suthaengy crigcal (o0 e sarety ang reiadiity of i@ coeraton of M@ reaclr (ana. Tererre. [0 e quarantees &
iability Of U6 reactor suppiier), so Mat Meir SUSPlY. outside Tie Dasic suooly arangement for the reactor Mseif. would not
D9 common practes. Theraloig. AMcugh M@ Se0ar3le SOl ¢! eS8 uNcUS. asoecCally CesIgNed and Prepartd.
cngeal. large and @xpensve Itams would Not necassanty b considered as faling cutsice e area of cnram. such a

moee of SUSCIY IS CoNsiaerea uniikev

Reactor fuel charging and discharging machines

Maniouiative equipment especially designed or prenared for insering or removing fuel in a
nuctear reactor as defined in paragrapn 1.1. above cacaple of on-load operation or employing
technicaily sopristicated posmiorng or alignment features to allow compiex off-load fuelling
operations such as those in which direct viewing ot or access to the fuel is not nomally

avatiiable.



1.4.

1.5.

1.6.

1.7.

S.1.

5.1.1.

Reactor control rods

Rods especially designed or preparea for the contrg! of the reacuon rate in a nuclear reactor
as aenned in paragraph 1.1. apove.

ZXPLANATCRY NOTE

This item inciuces. 1n adaiton 10 me neuron 3pseroing part. T Supoen or suspensicn stuctures eretor if sugpued
seoarately

Reactar pressure tubes

Tubes which are especially designea or prepared to comain tuel elements and the pnmary
coolant in a reactor as detinea in paragraph 1.1. above at an cperating pressure in excess of
5.1 MPa (740 psij.

Zirconium tubes

Zircomum metal and alloys in the form of tubes or assemblies of tubes. and in quanties
exceeding S00 kg in any perod of 12 months, especially designed or prepared for use in a
reactor as defined in paragraph 1.1. above, and in which the relation ot hatnium to zirconusm
is less than 1:500 parts by weight.

Pritary coolant pumps

Pumps especially designed or prepared for circulating the primary coolant for nuclear reactors
as defined in paragraph 1.1. above.

EXPLANATORY NOTE

Especally designed or prepared pumps may include elaborate sealed ar muti-sealed Systems to prevent leakage of
pnmary coolant. canned-drven pumps, and pumps with inertal mass systems. This definiton eNCOMPasses PuMpPs
cortfied 0 NC- 1 ar equivalent standards.

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

items of equipment that are considered to fall within the meaning of the phrase "equipment,
other than analytical instrumems, especially designed or preparea” for the separation of
isotopes of uranium include:

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

INTRODUCTORY NOTE

The gas centrituge norrnally consists of a tun-wailea cylinder(s) of beween 75 mm (3 in) ana 400 mm (16 inj dametr
contaned 1N a vacuum environment and soun at high penpheral S0eea of the orger of 300 Mys or more with s cental
axs verocal, in order to achieve high speec the matenais of constructon for the roaang components Nave © be ofa
high sgength to density rato and the rotor assemoly, and hence Its incvidual companents, have 1 be Manufactured ©
very close tol@rancas In orger to miNimize e unoaiance. In congast w other centifiuges, the gas centTiuge for uranum
ennchmant 1 charactenzeo by having within the rotof chamber a rottng cisc-shapeo barie(s) and a statonkry tbe
arangement for feeaing and exvactng the UF, gas and leatunng at least 3 separats channes, of whkh 2 ae
CONNecteo 10 SCOops extanaing rom the rotor axs towa/as the penonery ¢f e rotor champer. Also coNn@med within the
vacuum environment a/@ a NUMOBr Of cnbcal ilems wnich o NOf PR® and which aihougn hey a6 especially dasigned
are not gitficult fo fabncate nor are ey 1adbricaled out of UNIaue Mawnas. A candifuge facilify howeves requres a lage
numoar of these components. so (Nat guanutes can oravide an ImMEArant iNdicaton of end use

Rotating components
{a) Complete rotor assemoties:

Thin-walled cylinders. or a number of interconnected thin-walled cyhingers, manutactured from
one or more of the high strenath to density ratio matenals described in the EXPLANATORY NOTE
to this Section;
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5.1.2.

It interconnecteg. the cylnaers are jomea together ty tlexible bellows or rings as gescnbed in
section 5.1.1.(¢) foilowing. The rotor is fitted with an internal batile(s) anad en. caps. as
descnoeq in section £.1.1.(d) and (e) foilowing. i in final form. However the compiete
assemuoly may oe geliverea only partly assembied.

(b} Rotor tubes:

Especially designea or prepared thin-waned cviingers with thickness ot 12 mm (0.5 in) or less.
a ailameter ot between 72 mm (3 in) ana <00 mm (16 in). and manuracturea {from one or more
of the high <strength to censity ratio matenais descrnoed in the EXPLANATGRY NOTE to this

Section
(c) Rings or Bellows:

Components especially designed or prepared to give localized support to the rotor tube or to
join together a number of rotor tubes. The teilows is a short cylinger of wail thickness 3 mm
(0.12 in) or less. a diameter of between 75 mm (3 in) and 400 mm (1€ in), having a convoiute.
and manutactured from one cf the high strength ‘o density ratic maternais described in the
EXPLANATORY NOTE to this Section.

(d) Baffles:

Disc-shaped compaonents ot between 75 mm (3 in) and 400 mm (16 in) diameter especially
designed or prepared to be mounted inside the centrifuge rotor tube, in order to isolate the
take-off chamber from the main separation chamber and, in some cases, to assist the UF,
gas circulation within the main separation chamber of the rotor tube. and manufactured from
one of the high strength to density ratio matenals described in the EXPLANATORY NOTE to this
Section.

(e) Top caps/Bottom caps:

Disc-shaped components of between 75 mm (3 iny and 400 mm (16 in) diameter especially
designed or prepared to fit to the ends of the rotor tube. and so contain the UF, within the
rotor tube. and in some cases to suppon, 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 from one of the high strength to density ratio materals
described in the EXPLANATORY NOTE to this Section,

EXPLANATORY NOTE
The matenals used for centrifuge rotatng components are:
(a) Maraging steel capable of an ultmate tensiie strength of 2.05.10° N/m? (300,000 psi) or more;

(o)  Aluminium alloys cagabie of an uismate tensiie stength of 0.46-10° Nym3 (67,000 psi) or more;

(¢}  Filamentary materials suitable tor use in compasite structures and having a specific modulus of 12.3.10* m or
grealer anc a specific uitmate tensiie stength of 0.3-10* m or greater ('Speaific Maduius' 1s the Young's Modulus in N/m?
divided by the speatic waignt in N'm*: "Specitic Ulimate Tensiie Stengh’ is the uitmate tensie sTength in N/m? dvided
by the specific waight in N/m*)

Static components
(8) Magnetic suspension bearings:

Especially designed or prepared bearing assemblies consisting of an annular magnet
suspended wrthin a housing containing a damping medium. The housing wiil be manufactured
from a UF,-resistant matenal (see EXPLANATORY NOTE {0 Section 5.2.). The magnet couples
with a pole piece or a second magnet fitted to the top cap described in Section §.1.1.(e). The
magnet may be ring-shaped with a reiation between outer and inner diameter smaller or equal
to 1.6:1. The magnet may be in a form having an inttial permeability of 0.15 H/m (120,000 in
CGS units) or more, or a remanence of 98.5% or more. or an energy product of greater than
80 kJ/m? (10’ gauss-oersteds). In additior: to the usual matenal properies. it is a prerequisite
that the dewiation of the magnetic axes from the geometrical axes is limted to very small



5.2,

toterances (lower than 0.1 rm or 0.004 im or that nomogenerty ot the matenal of the magnet
is specially callea for.

(b} BearnngyDampers:

Sspecially designea or preparea bearnngs compnsing a pivovcug assembly mounted on a
damper. The pivot is nomally a hardenea stee! shaft with a hemispnere at one ena wnh a
means of attachment to the oottom cap aescnbed in section 5.1.1.(e) at the cther. The snaft

may however have a nyaragvnamic cearnng attached. The cud iS pellet-snapoea wnn a
hemispnerical ingentation 10 one sunace. T hese components are onen supplea separately to
the aamper.

(¢) Molecuiar pumps:

Especially designed or prepared cylinders having inmternally machined or extruded helical
grooves and internally machined bores. Typical dimensions are as follows: 75 mm (3 in) (0
400 mm (16 in) imernal diameter. 10 mm (0.4 in) or more wall thickness with tire iength equal
to or greater than the diameter. The grooves are typically rectangufar in cross-section ana 2
mm (0.08 in) or more in depth.

(d) Motor stators:

Especially designed or prepared ring-shaped stators for high speed muttiphase AC hysteresis
(or reluctance) motors 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 multi-phase
windings on a laminated low loss iron core comprisec of thin layers typically 2.0 mm (0.08 in)
thick or less.

(e) Cemntuge housing/recipients

Components especially designed or prepared to contain the rotor tube assembly of a gas
centrifuge. The housing consists of a rigid cylinder of wall thickness up to 30 mm (1.2 in) wrh
precision machined ends to locate the bearings and with one or more fianges for mounting.
The machined ends are paraliel to each other and perpendicular to the cylinder's iongrudinal
axis to within 0.05 degrees or less. The housing may aiso be a honeycomb type structure to
accomodate several rotor tubes. The housings are made of or protected by matenals resistant

to corrosion by UF,
(f) Scoops

Especially designed or prepared tubes of up to 12 mm (0.5 in} internal diameter for the
extraction of UF, gas from wrthin the rotor tube by a Pitot tube action (that is. with an apenure
facing imn the circumferential gas tlow within the rotor tube, for example by bending the end
of a radially disposed tube} and capable of being fixed to the central gas extraction system.
The tubes are made of or protected by matenals resistant 1o corrosion by UF,.

Especially designed or prepared auxiliary systems, equipment and components for
gas centrifuge enrichment plants

INTROOUCTORY NOTE

The auxiliary systems. equipment and components or a gas centifuge enrichment olant /e the sysems of plant
needed (0 feed UF, (0 e cantifuges, 1o ink the inarvidual cenmiuges 1o each omer to oM cascaces (or slages)
aliow for progressvely higher enrichiments and (o extract the 'proc.cl and ‘tails’ UF, tom the centnfuges. (ogether with
the equipment requirgs (o arive e centnfuges or  contol the plant,

Normaily UF 18 evaporated from M@ soid using healed autoclaves and 18 distributed in gaseous form 0 Do cenmges
by wey of cascace heacer pipeworx, The ‘product and tais’ UF, gaseous sgeams flowing rom the cantiuges &re aiso
passec Dy way of C3scade Neader Pipework (0 coid raps (Operatng at about 203 K (-70°C)} where they are Condensed
prior 1o onwarg transter into suitable containers for Transportadon or storage. Because an ennchment plant consiss of
many thousands of centnfuges arranged in cascades there are many klometers of cascac@ heNe PiPAVOrK,
Ncorporatng thousanas of weids wvith a substantal amount of repetton of layoul The equipment componernts ary
piping systems are labricatad 10 vary nigh vacuum and cleaniness standards.
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S.2.1.

5.2.3.

5.2.4.

Feea systems/product and taiis withdrawai systems
Especially designeq or prepareq process systems inctuding:

Feeq autoctaves {or statons), useda for passing UF, to the cemntuge cascades at up 10
100 kPa (15 psi ana at a rate ot * xgn or more:

Cesuphmers (or colg traps) useq to remove UF. from the cascages at up to 3 kPa (0.5
Os1) pressure. The desuptimers are capable of being cnilled to 223 K (-76°C) ana heatea
16 343 K (7C°C);

Proguct’ ano ‘Tails' stations usea for rapping UF, into containers.

This plant., equipment and Jipework is wholly mage of or linead wah UF.-resistant materais
(See EXPLANATCRY NOTE to this section) ang is fabncated to very high vacuum and cteanliness
standardgs.

Machine header piping systems

Especially designed or prepared piping systems and header systems tor handling UF, within
the cemrifuge cascades. The piping network is normally of the ‘'triple’ header system with
each centnfuge connected 1o each of the headers. There is thus a substamtial amount of
repetition in s form. it is whoily made of UF,-resistant matenais (see EXPLANATORY NOTE 10
this section) and is fabncated to very high vacuum and cleanliness standargs.

UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupoie mass spectrometers capable of
taking ‘'on-line’ samples of feed. product or tails, from UF, gas streams and having ail of the
following charactenstics:

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

2. lon sources constructed of or lined with nichrome or monel or nickel plated;
3. Electron bombardment ionization sources;

4. Having a collector system suitable for isotopic analysis.

Frequency changers

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

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 efficiency of greater than 80%.

EXPLANATORY NOTE

The iterns histad above either come inlo direct contact with the UF, process gas ot girectly congrol the cenmiuges and
e passage of the gas rom centituge (0 conifuge ana cascace 10 cascade.

Materiais resistant lo corrosion by UF, include stainiess steel, alumimum, aluminium alioys, nickel or alloys containing
60% or mare nickal. ‘



5.3.

53.1.

53.2

5.3.3.

5.34.

5.3.5.

Especially designed or prepared assemtlies and components for use in gaseous
diffusion ennichment

NTROOUCTCRY NOTE

‘n the gaseous ciftusion memoad o uranum Isqtoce secarason. @ Main !CNNOIOGICAl ASS8MDIY 1S 3 SPecdl Porous
3ASe0US GItuSION darried. Naat @xchanqer 1or cooung the gas (which is Nealea by 18 0FOCe3s Of CoMpressIon), sed
/alves ang conto! vaives. ano Cibeuneas. inasmuch as gaseous Girfusion ecNnJlogy USAas uramum nexanuonde (UF.).
!l equipment. Oipeune and NSTUMBNI3TON SUrtaces {hat come in contact with the 0as) Must be Maade af matenais hat
remain slapi@ In contact with UF. A gaseous aiffusian raciity requies 3 numoer of Nese assemoues. so that quangues
£an provice an important inoic3tan ar ena use.

Gaseous ditfusion barriers

(@) Especially gesignea or prepared thin. porous filters, with a pore size of 100 - 1,000 A
(angstroms), a thickness of 5 mm (0.2 in) or less. and for tubular forms. a diameter of 25 mm
(1 in) or less, made of metallic. polymer or ceramic matenals resistan to comrosion by UFs,

and

(b) especiaily prepared compounds or powders for the manutacture of such filters. Such
compounds and powders inciude nickel or alloys comaining 60 per cemt or more nickel.
aluminium oxide. or UF,-resistant fully fluorinated hydrocarbon polymers having a purity of
99.9 per cent or more, a particle size less than 10 microns, and a nigh degree of particle size
uniformity, which are especially prepared for the manutfacture ot gaseous diffusion bamers.

Diffuser housings

Especially designed or prepared hermetically sealed cylindrical vessels greater than 300 mm
(12in' in diameter and greater than 900 mm (35 in) in length, or rectangular vessels ot
comparable dimensions. which have an inlet connection and two. outlet connections all of
which are greater than 50 mm (2 in) in diameter, .tor containing the gaseous diffusion barrier,
made of or lined with UF,-resistant materiais and daesigned for horizomal or vertical

installation.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal, or pasitive displacement compressors, or
gas biowers with a suction voiume capacity of 1 mmin or more of UF,, and with a discharge
pressure of up to several hundred kPa (100 psi), designed for long-term operation in the UF,
environment with or without an electrical motor of appropriate power, as weli as separate
assemblies of such compressors ang gas blowers. These compressors and gas blowers have
a pressure ratio between 2.1 aind 6:1 and are made of, or lined with, matenais resistant to
UF,.

Rotary shaft seais

Especially designed or prepared vacuum seals, with seal feed and seal extiaust connections,
for sealing the shaft connecting the compressor or the gas blower rotor with the driver motor
S0 as to ensure a reliable seal against in-leaking of air into the inner chamber of the
compressor or gas blower which is filled with UF,. Such seals are normaily designed for a
butfer gas in-leakage rate of iess than 1000 cm*min (60 in*/min).

Heat exchangers for cooling UF,

Especially designed or prepared heat exchangers made of or lined wih UF,-resistant
matenals (except stainless steel) or with copper or any combination of those metals, and
imended for a leakage pressure change rate of less than 10 Pa (0.0015 psi) per hour under a
pressure difterence of 100 kPa (15 psi).
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5.4.1.

54.2.

5.4.3.

54.4.

Especially designed or prepared auxiliary systems, equipment and components for
use in gaseous ditfusion ennchment

NTROCUCTCRY NOTE

The auxiiary sysitems equigment ana cCMODCNeNts !C7 Gaseous Giffusion enricrment cClants are he syswems ot clant
~ee08d 10 186d UF. {C 1@ gaseous ailfusion assemaiv. (3 ink M mavidual asSemoLes 10 each other 0 forMm cascades
2r $13ges) [C aLow 1ar Crogressively Nigner ennchments SN (0 exract Me ‘crocuct” ana tais® UF, lrom the a.tfusion
zascaces. Because O! @ NQNneria properues of C:MUSION Cascades. any NTeIMuUPEIN In Meir 0Draton. ang sspacaily
Men snUl-0oWn. £aas 0 SEnous CoNseauences [herelord. a sUICt and constant mantenance of vacuum n al
lechnoliogical Systams. automatc crotection fom accicents. and crecise aulomated reguiadon of the gas tiow s Of
Mporance 1N a gaseous aiffusion olant, Ail this :eads !0 a neeg [0 equip e piant with a large numoer ot speaal
measuring, requidtng anc conyoiling systems.

Normaily UF. s avaoorated trom cyinders placea wihin 3ulociaves ana 1s distributed in gaseous fomm to the entry point
by way of cascage header pipework The "proauct” and “tails” UF, gaseous syeams flowing rom ext points e passed
by way ot Cascade header DIpeworK (o either ¢aid t'aps or {0 compression stations wnere e UF, gas s hquefied pnor
t0 onwarag transter into suitable contaners tor transporaton o siorage. Because a gaseous diffusion ennchment plant
cansists of a large numper of gaseaus difusion assemolies arranged i cascades. there ale many liomewrs of
cascade header pIPBWOK. INcorporating thousands ot wekis with substantal amounts of repetson of layout The
equipment, Components and piping systems ase fabncated 1o very high vacuum and cleaniiness standards.

Feed systems/product and tails withdrawal systems

Especially designed or prepared process systems, capable of operating at pressures of 300
kPa (45 psi) or less. including:

Feed autoclaves (or systems), useq for passing UF, to the gaseous diffusion cascades:
Desublimers (or cold traps) used to remove UF, from ditfusion cascades;

Liguefaction stations where UF, gas from the cascade is compressed and cooled to form
liquid UF;

"Product” or "tails” stations used for transfernng UF, into containers.

Header piping systems

Especially designed or prepared piping systems and header systems for handling UF, within
the gaseous diffusion cascades. This piping network is normaily of the "double™ header
system with each cell connected to each of the headers.

Vacuum systems

(a) Especially designed or prepared large vacuum manifolds, vacuum headers and vacuum
pumps having a suction capacity of 5 m*/min (175 #t*’min) or more.

(b) Vacuum pumps especially designed for service in UF,-bearing atmospheres made of, or
lined with, aluminium, nickel. or alloys bearing more than 60% nickel. These pumps may be
ether rotary or postive, may have displacement and fluorocarbon seals, and may have
special working fluids present.

Special shut-off and control vaives

Especially designed or prepared manual or automated shut-off and control beliows vaives
made of UF,-resistant materais with a diameter of 40 to 1500 mm (1.5 to 59 in) for instailation
in main and auxtiary systems ot gaseous ditfusion enrichment plants.



5.4.5. UF, mass spectrometersrion sources

5.5.1.

5.5.2.

Especially designed or prepared magnetic or quadrupole mass spectrometers capabie of
taking “on-line” samples ct feed, product or tails, from UF4 gas streams and having all of the
following charactenstics:

1. Unit resolution for atomic mass un#t greater than 320;

2. lon sources constructed of or lined with nichrome or monel or nic el plated;
3. Electron bombardment ionization sources;

4. Collector systein suitable for isotopic analysis.

EXPLANATORY NOTE

The items listed above erther come into direct contact with the UF, process gas or directly contol the flow witun the
cascade. All surfaces which come Into contact with the process gas are wholly made of, or lined with, UF,-resistant
materials. For the purposes of the sections relating to gaseous diffusion itéms the matenais resstant o corrosion by UF,
include stainless stvel. aluminium, auminum alloys, aluTunium 0009, nickel or alioys containing 60% or more nickel and
UF,-resistant fully fluorinated hydrocarbon polymers.

Especially designed or prepared systems, equipment and components for use in
aerodynamic enrichment plants.

INTRODUCTORY NOTE

In asrodynamic ennchment procasses, a mixture of gaseous UF. and light gas (hydrogen or helium) is compresssd and
then passed through separating elements whemin isolopic separation is accomplished by the generagor: of high
centifugal forces over a curved-wall geometry. Two processss of tis type have been successtully developed: the
separation nozze procass and the vortex whe process. For both procssses the main components of a separation stage
include cylindrical vesseis housing the special separation elements (nozzies Or vortex tubes), gas compressors and
heat @xchangers to remove the heat of compression. An aerodynamic plant requires a number of these stages, so that
quantities can provide an important indication of end use. Since agrodynamic processes use UF, all equipment, pipeline
and instrumentation surtaces (that come in contact with the gas) must be made of materials that reman stable in contact
with UF .

EXPLANATORY NOTE

The items listed in this section either come into direct contact with the UF, procass gas or directly control the flow within
the cascade. All surfaces which come into contact with the process gas are wholly made of or protected by UF.
resistant matenals. For the purposes of the saction relating to asrodynamic enrichment tems, the mawrials resistant ©
comasion by UF, include copper. siiniess sieel, aluminium, aluminium alloys, nickel or alioys contamning 60% or Mo
nicket and UF -resistant fully fuarinated hydrocarbon polymers.

Separation nozzles

Especially designed or prepared separation nozzies and assemblies thereof. The separation
nozzles consist of slit-shaped. curved channeis having a radius of curvature less than 1 mm
(typically 0.1 to 0.05 mm), resistant to corrosion by UF, and having a knife-edge within the
nozzle that separates the gas flowing through the nozzle into two fractions.

Vortex tubes

Especially designed or prepared vortex tubes and assemblies thereof. The vortex tubes are
cylindrical or tapered. made of or protected by materials resistant to corrosion by UF,, having
a diameter of between 0.5 cm and 4 cm, a length to diameter ratio of 20:1 or less and with
one or more tangential inlets. The tubes may be equipped with nozzle-type appendages at
either or both ends.

EXPLANATORY NOTE

The feed gas enters the vortax fube tangentally at one end or through swirl vanes or al numerous tangental Lositons
along the periphery of the tube.



5.5.3.

5.5.4.

5.5.5.

5.5.6.

5.5.7.

5.5.8.

Compressors and gas blowers

Especially designed or prepared axiai. centrfugai or posttive displacement compressors of
gas blowers made Oi Or prceected by matenals resistant to corrosion by UF, and with a
sucticn voiume capacity of 2 m¥mun or more ot UF ‘carner gas (hyarogen or helium) mixture.

SXPLANATCARY NCTE

“hese compressors ang gas dlowers typically have a 0ressure rabo between 1 2.1 ang 6.1

Rotary shatt seais

Especially designed or prepared rotary shaft seals, with seal feed and seal exhaust
connections. for sealing the shaft connecting the compressor rotor or the gas blower rotor
with the driver motor so as to ensure a reliable seal against out-leakage ot process gas or in-
leakage of air or seal gas into the inner chamber of the compressor or gas blower which is
filled with a UF Jcarner gas mixture.

Heat exchangers for gas cooling

Especially designed or prepared heat exchangers made of or protected by matenais resistant
to corrosion by UF,.

Separation element housings

Especially designed or prepared separation element housings, made of or protected by
materials resistant to comrosion by UF,, for containing vortex tubes or separation nozzies.

EXPLANATORY NOTE

These housings .nay be cylindrical vesseis greater than 300 mm in diameter and greater than S00 mm n length, or may
be rectanguias vesseis of comparable dimensicns. and may be designed for horizontal or vertcal installaton.

Feed systems/product and tails withdrawal systems

Especially designed or prepared process systems or equipment for enrichment plants made
of or protected by m.aterials resistant to corrosion by UF,, including:

(@) Feed autoclaves, ovens, or systems used for passing UF, to the enrichment process:

(b) Desublimers (or cold traps) used to remove UF, from the enrichment process for
subsequent transter upon heating;

{(c) Soiidification or liquefaction stations used to remove UF, trom the enrichment process by
compressing and converting UF, to a liquid or solid form;

(d) ‘Product’ or tails’ stations used for transferring UF, into containers.

Header piping systems

Especially designed or prepared header piping systems. made of or protected by materials
resistant to corrosion by UF,. for handling UF, within the aerodynamic cascades. This piping
network is normally of the ‘double’ header design with each stage or group of stages
connected to each of the headers.
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5.5.9.

5.5.10.

5.5.11.

5.5.12,

5.6.

Vacuum systems and pumps

(a) Especiaily aesignea or prepared vacuum systems having a suction capacity ot S m Imin
ar maore. consisting of vacuum manifoids. vacuum headers ang vacuum pumps, and designea
tor service in UF_-beanng atmospheres.

(b) Vacuum pumps especiaily designea or preparea tor service in UF,-beanng atmosoneres
and made ot or protected by matenais resistant to ccrrosion by UF.. These pumps may use
fluorocarbon seals ana sgecial working tiuias.

Special shut-off and control vaives

Especiaily designed or prepared manual or automated shut-off and contrci bellows vaives
made of or protected by matenals resistant to corrosion by UF, wrh a diameter of 40 to 1500
mm for installation m main and auxiiary systems of aerodynamic ennchment plants.

UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupcle mass spectrometers capable ot
taking ‘on-line’ samples ot feed, ‘product’ or tails', from UF, gas streams and having all of the
following charactenstics:

1. Unit resoiution for mass greater than'320;

lon sources constructed of of lined with nichrome or monel or nickel plated;
Electron bombardment ionization sources;

Callector system suitable for isotopic analysis.

& Lo

UF J/carrier gas separation systems

Especiall;' designed or prepared process systems for separating UF, from camer gas
{hydrogen or hefium).

EXPLANATORY NOTE

These systems ase designed (o reduce e UF, content In e carner gas (o 1 ppm or lesS and M3y INCHPOraw
equipment such as:

(a)  Cryogernc neal @xchangers and cryosepasalors capaoie of lemperansres of - 120 °C or less, of

(b)  Cryogemc reing@raton units capabie of temperatures of -120 °C or less. or

(¢) Separaton nozzie or voriex tube units for the separaton of UF, from carner gas. or

{d) UF, cold taps capabie of iemperatures of -20 °C or iess.

Especially designed or prepared systems, equipment and components for use in
chemical exchange or ion exchange enrichment plants.

INTRODUCTORY NOTE

The siight difference n Mass between Me 1SOI0PES Of Uranium causes small changes in chemical r8acton equilbna tat
can De used as a bass lor S@paranon of the 1S0ic0es. Two processes Nave been successiully deveioped: hquid-iquid
chemical @xchange and soid-liquid on exchange.

In the hquitdiquid chemcal exchange process. IMMISaba liqud phases (aquUEOUS and organic) e COUNINCUITENty
coNtICled (0 give e cascadng effect of Mousands of separaton stages. The agqueous phase consists of uanum
CAKA 100 I hydrochione 3ad solution: The organic phase consists of an @xtiactant contawung uranuum chionde » an
orgamc soivent. The contactors empioyed in THe SePA/AN0N CASCACO Can DO iquid-quid @xchange columns (such as
pUISET COluMNs with 3ieve plales) Of IQUIC contfugal coNtactors. Chemical CoNVeruons (0Xdadon and reduclon) ae
18quINEG at both ends Of the SEPAatuN caCace IN Order 1O Provide for the reflux equiement at each end. A maor
design concem 19 10 aVOid CONAMINANON of 1he Process STEAMS WD Cortamn metal 1ons. Plastc, plastc-ined (incuding
use of flucrocarpon POlymers) and/or glass-lined CoIUMNS ana PiIPIng are Meretore useo.

- 10 -



5.6.1.

5.6.2.

5.6.3.

in the sond-liquig ion-exchange procass, ennchmant Is accompliishad Dy uranium adsorpuon/desorpton on a specal.
very fast-acting, 1on-exchange resin or adsorbent. A soluton of uranium in hydrochionic acd and other chemical agents
1S passed through cykndrical ennchment columns containing packed beds of the adsorbent. For a continuous process, a
raflux system 1s necassary o release the uranium from the adsorbent back inta the iquid fiow so that ‘product and ails’
can be collected This 1s accompushed Wit the use of suiable reducton/oxidaton chemxal agents that are fully
regenerat®’ In saparate external arcuits and that may be partally regeneraied within ihe 1Sotopic separation columns
themseives. The presencae of hot concentrated hydrochionc acd solulons in the process requires that the equipment be
made of or protected by special corrosion-resistant matenals.

Liquid-liquid exchange columns(Chemical exchange)

Countercurrent liquid-liquid exchange columns having mechanical power input (i.e., puised
columns with siave plates. reciprocating plate columns, and columns with internal turbine
mixers), €specially designed or prepared for uranium enrichment using the chemical
exchange process. For corrosion resistance to concentrated hydrochioric acid solutions, these
columns and their internals are made of or protected by sutable piastic materals (such as
fluorocarbon polymers) or glass. The stage residence time of the coiumns is designed to be
short (30 seconds or less).

Liquid-liquid centrifugal contactors (Chemical exchange)

Liquid-liquid centrifugal comactors especially designed or prepared for uranium enrichment
us:ng the chemical exchange process. Such conactors use rotation to achieve dispsrsion of
the organic and aqueous streams and then centrifugal force to separate the phases. For
corrosion resistance to concentrated hydrochloric acid solutions, the contactors are made of
or are lined with suitable plastic materials (such as fluorocarbon polymers) or are lined with
glass. The stage residence time of the centrifugal cortactors is designed to be short (30
seconds or less).

Uranium reduction systems and equipment (Chemical exchange)

(a) Especially designed or prepared electrochemical reduction cells to reduce uranium from
one valence state to another for uranium enrichment using the chemical exchange process.
The cell materials in contact with process solutions must be corrosion resistant to
concentrated hydrochloric acid solutions.

EXPLANATORY NOTE

The ceil cathodic compartment must be designed to prevent re-oxidaton of uranium o its higher valence state. To keep
the uranium n the cathodic compartment. the ¢all may have an impenvious diaphragm membrane constructed of special
canon exchange mate;1al. The cathode consists of a suitable solid conductor such as graphite.

(b) Especially designed or prepared systems at the product end of the cascade for taking
the U out of the organic stream. adjusting the acid concentration and feeding to the
electrochemical reduction cells,

EXPLANATORY NOTE

These systems consist of solvent extraction equipment for stipping the U** from the crganic stream Inlo an agueous
solution, evaporaton and/or othér equipment 10 accomphish solution pH adjustment and control, and pumps or other
ransfer devices for feeding to the alectrochemical reducton celis. A major design concern 1S {0 avoid contaminaton of
the aqueous steam with certain metal ions. Consequently, for 108 parts in contact with e process steam, he
system is constructed of equipment made oOf or protecied by suitable materais (such as glass, fiuorocarbon polymers,
polyphenyi suitate, polyether sulfone. and resin-impregnated graphita).

~ 11 =



5.6.4.

5.6.5.

5.6.6.

5.6.7.

5.6.8.

Feed preparaticn systems (Chemical exchange)

Especially designed or prepared systems for producing high-purity uranium chioride feed
solutions for chemical exchange uranium isotope separation plants.

EXPLANATORY NOTE

These systems consist of dissoiuton, solvent extracgon andv/or iont exchange equipment for punfication and electrolyoc
celis for reducing the uranium U™ ar U™ to U*?. These systems produce uranium chioride solutons having onty a few
parts per milhcn of metailic imnuntes such as chromium, iron, vanadium, molybdenum and other bivalent or higher mult-
valent cators “Aatenais ot construction for portions of the system prcoessing high-purity U™ include giass, fiuorocarpon
polymars, poiy Lnanyl sultate or polyether suiton@ piastc-lined and resin-impregnated graphite.

Uranium oxidation systems (Chemical exchange)

Especially designed or prepared systems for oxidation of U3 to U+ for retum to the uranium
isotope separation cascade in the chemica! exchange enrichment process.

EXPLANATORY NOTE
These systems may incorporate equipment such as:

(a)  Equipment for contacting chiorine and oxygen with the aquecus effiuent from the isotope separation equipment
and extactng the resuitant U™ into the stnpped organic stream returming rom the product end of he cascads,

{b)  Equipment that separates water from hydrochioric acid so that the water and the concentrated hydrochloric acid
may be reintroduced to the procass at the proper locations.

Fast-reacting ion exchange resins/adsorbents (lon exchange)

Fast-reacting ion-exchange resins or adsorbents especially designed or prepared for uranium
enrichment using the ion exchange process, including porous macrorsticular resins, and/or
pellicular structures in which the active chemical exchange groups are limited to a coating on
the surface of an inactive porous support structura, and other composite structures in any
sutable form including particles or fibers. These ion exchange resins/adsorbents have
diameters of 0.2 mm or less and must be chemically resistant to concentrated hydrochloric
acid solutions as weil as physically strong enough so as not to degrade in the exchange
columns. The resins/adsorbents are especially designed to achieve very fast uranium isotope
exchange kinetics (exchange rate halt-time of less than 10 seconds) and are capable of
operating at a temperature in the range of 100°C to 200°C.

lon exchanyge columns (lon exchange)

Cylindrical columns greater than 1000 mm in diameter for containing and supporting packed
beds of ion exchange resivadsorbent, especially designed or prepared for uranium
enrichment using the ion exchange process. These columns are made of or protected by
materials (such as titanium or fluorocarbon plastics) resistant to corrosion by concentrated
hydrochloric acid solutions and are capable of operating at a temperature in the range of
100°C to 200°C and pressures above 0.7 MPa (102 psia).

lon exchange reflux systems (lon exchange)

(a) Especially designed or prepared chemical or electrochemical reduction systems for
regeneration of the chemical reducing agent(s) used in ion exchange uranium enrichment
cascades.

{b) Especially designed or prepared chemical or electrochemical oxidation systems for
regeneration of the chemical oxidizing agent(s) used in ion exchange uranium enrichment
cascades.

- 12 -



5.7.1.

5.7.2.

5.7.3.

EXPLANATORY NQTE
"he ion @xcnanae enricnment prOCASS may USe. {or examoie. Uvaent ttauum (1 as a rearang cagon m whicn case
the requction system would regeneram Ti™ Cy requang Ti™

The process mav use. ior exampie. Unvalent rron (Fe*) as an omdant :n wnicn case 1@ oxOaton system wouid
regeneratd Fe* ty oxiaizing Fe*?

Especially designed or prepared systems. equipment and components for use in laser-
based enfichment plants.

NTRODUCTORY NOTE

Present Systams for ennchment DroceSSes UsSiNg 1asers 1all INtD Wo Cawgores: hose IN WNICH the IOCess MeAIM (S
alomic uranium vapor and those in wiich the Orocess meaum 18 e vapor ot 3 uranium compound. Common
nomenciature 10r SUCN Processes INGIUCe: first caleqgory - alonuc VADOr 1aser ISOWOoe SeNAaradon (AVLIS or SILVA);
SOCONG CAWJOry - MOIGCUIAr laser SOmPe separaton (MLIS or MOLIS) and chemical reaction by ISompe Saecve Iaser
acgvanon (CRISLA). The sysmms. @QuiDment and Components o iaser ennchment plants emorsce: (8) devices m feed
uranium-metal vapar ({of SSIECVe PNROM-IONZATON) or devices D '8ed the VaPOr of a UrAIUM compound (for phow-
dissocianon or chReMICAl actvaton); (b) devices o colect ennched and decistnd uranasm Metal 8 s ‘product and tais’ n
e first CABGOry, ana-devices (0 COLECT dISSOCIARd OF reacted COMOOUNS as ‘ProcUCT and UNANBCIE Mamnal as tals’
In he SOCONd category; (C) process Laser Sysiams (O SCTvely excite 1@ uanum-235 speces: and (d) feed
preparason and product conversian equipment The compigxity of the SpecTSCopy ot Uranium atDms and COMmpPoUNcs
may require iNCOMPOraten of any of a nuMoer of gvauabie Iaser tCNNOIOges.

EXPLANATORY NOTE

Many of the items iisted in this sectan come INto direct CONACt with uranaum Methl vapar of iqud or with process gas
consisang ot UF, of 8 mnaure of UF, and other gases. All surtaces that come o contact with the uarsum or UF, are
wholly made ot or protactad by COMOSKN-resstant matendls. For the purpases of he Secton reiaing © laser-oased
ennchiment ems, the MAKYIAIS GSISTNE D COMOSION Dy the VAPOr Of liqud of UrBRIAT Metal Or LTENAET alioys INCUde
ytna-coated graphits and @antaium; and the matenais resistant o carrosion by UF, include copper, stainises steel,
alumnum, aluminum alioys, nickel or alioys condning 60 % or more nickel ano UF-resstam fuly fluonnated

hydrocasbon polymers.

Uranium vaporization systems (AVLIS)

Especially designed or prepared uraniurm vaporization systems which comain high-power strip
or scanning :lectron beam guns with a delivered power on the target of more than 2.5 kW/cm.

Liquid uranium metai handling systems (AVLIS)

Especiaily designed or prepared liquid metal handling systems for motten uranium or uranium
alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this svstem that come into contact with molten uranium or uranium slioys sre made of
or protected by matenals of suitable corrosion and heat resistance. Suitable materisls include tantalum. ytina~costed
graphite. graphite coated with other rare earth oxides or mixtures thereof.

Uranium metal ‘product’ and 'tails' colliector agsemblies (AVLIS)

Especiaily designed or prepared 'product’ and 1ails' collector assemplies for uranium metat in
liquid or salid form.

EXPLANATORY NOTE

Components for hese assembolies &re Mace of or prolected by Matenals resistant to the heat and corosion of uranum
metal vapor or liguid (SUCh as vina-coatsd graphite of tANGUM) ana may incude pipas, valves. fitings, guitars’. feed-
throughs, heat excnangers and collector plates 1or magnenc, electrostanc or oMer 38p:Araton methoas.
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5.74.

5.7.5.

5.7.6.

5.7.7.

5.7.8.

5.7.9.

5.7.10.

Separator module housings (AVLIS)

Especially designed or prepared cylindncal or rectangular vessels tor containing e uranium
metal vapor source, the electron beam gun, and the "proauct’ and tails’ collectors.

EXPLANATORY NOTE

These housings have muitohaty of DOrts for electncal anc waler 19ed-TiIrougns, iaser beam windows. vacuum pumo
connecuons and INSTuMentaton ciagnosics and monionng. They Nave Pravisions [Or CPENING ana COSUrY 10 allow
returtishment ot internal compaonents.

Supersonic expansion nozzies (MLIS)

Especially designed or prepared supersonic expansion nozztes for cooling moxtures of UF,
and carmier gas to 150 K or less anad which are corrosion resistant to UF,.

Uranium pentafiuoride product collectors (MLIS)

Especially designed or prepared uranium pemafiuoride (UF,) solid product collectors
consisting of filter, ‘mpact, or cyclone-type collectors, or combinations thereof, and which are
corrosion resistant 13 the UF/UF, environment.

UF Jcarrier gas compressors (MLIS)

Especially designed or prepared compressors for UF /carrier gas mixtures, designed for long
term operation in a UF, envionment. The components of these compressors that come into
contact with process gas are made of or protected by materials resistant to comrosion by UF,.

Rotary shaft seals (MUS)

Especially designed or prepared rotary shaft seals, with seal feed and seal exhaust
connections, for sealing the shaft connecting the comprezsor rotor with the driver motor so as
to ensure a reliable seal against out-leakage of process gas or in-leakage of air or seal gas
into the inner chamber of the compressor which is filled with a UF /cammier gas mixture.

Fluorination systems (MLIS)
Especially designed or prepared systems for fluorinating UF, (solid) to UF, (gas).

EXPLANATORY NOTE

These systams are designed (o fluonnate the collectad UF, powder to UF, for subsequent collecton in product
containers or for tanster as feed o MUS units for additional ennchment. In one approach. the luoNNSION rEECHON may
be accompiished within e S0(019 SepAralicn systam (o react and recover direclly off the ‘product’ collectors. in another
approach. the UF, powder may be removed/transiened from the ‘0rosuct collectors into & sutabie reachon vessel @9,
fluidized-bed reactor, screw reactor or flame tower) for fluonnaton, In both approacnes. equipment for SIOrage ax
ranster of luonne (or othar suitable fuorinabng agents) and for collecton and transter ot UF. /@ useo.

UF, mass spectrometers/ion sources (MLIS)

tspecially designed or prepared magnetic or quadrupole mass spectrometers capable of
taking ‘on-line’ samples of feed, ‘product’ or "ails', from UF, gas streams arid having all of the
following charactenstics:

1. Untit resolution for mass greater than 320;
2. lonsources constructed of or lined with nichrome or monel or nickel plated:
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5.7.12

5.7.13.

2. =.eciron pomparament IoniZation SCUrces:

= Ccllector system sunable for isotosic analysis.

. Feed systems/product ana tails withdrawai systems (ML!S)

Zcoecially designea or crecared Crocess Svstems ¢r equipment for enncnment-plams maae
Ct Or protectea Dy materiais resistamt o crrosien oy UF,, incluaing:

'3} reeq autcciaves. Gvens. Cr systems usea ‘cr cassing UF, :2 the enncnment process:
:b) Desuptimers (or ccid traps) usea to remove UF, irom tne enncnment process ‘of
supsequem transier upen neatng;

ic) Solidificauon or liquetaction stations usea to remove UF, from the ennchment process oy
compressing ana converting UF, ‘o a liquid or soud form;

(d) 'Product’ or tails' stations useq for transiemng UF, into comainers.

UF/carmer gas separation systems (MLIS)

Especiaily designed or prepared process systems for separating UF, from camer gas. The
camer gas may be nitrogen. argon. or otner gas.

EXPLANATORY NOTE

These systems may iNCOrporate equIpMent such as:
(@) Cryogenc heat eXCnangers of Cryosetarators capabie of tlemoeranres of -120 °C or less. or

(b) Cryogenic reingeranon units Capabile ot temperatures of -120 *C cr leas, or
{¢) UF, cold traps capanie of temperanires of -20°C or less.

Laser systems (AVLIS, MLIS and CRISLA)

Lasers or laser systems especially designed or prepared for the separaton of uranum
isotopes.

EXPLANATORY NOTE

The laser sysiem tor tie AV LIS process usuaily consists of iwo iasers: a copper vapor laser and 8 dve laser. The laser synem
for MLIS usuaily consists 01’3 COq  or excimer laser ana a muiti-pass opiical cell with revolving myrrors s both ends. Lasers
or iaser sysicms (or bouy processes require 3 spectrum (requency staoilizer for operstion over extended penods of time.



5.8.

The iasers and laser COMOONEUS VL IMOOMANGS tn iaser-oased SANCRITAMN CTOCEs3es InCiude the foliowng:

Lasers. (aser amonjiers. ana ascilatory as ioljows:
31 Copper vaoor 13sers witt 4}W nr greater average outDUL pOWer opEmuUANg at Wavelengns between 330 nm ana 600 un:

Y1 ACQON 10N 138208 "M 1N 2re3UET LRA0 -, W Jverage OulpUl DOWEr CoETIUNE 3L Wavelenguts detween OO0 am ana 315 nm:

;i Neoavmium-iooea oUler N3N £133%) 135ers IS (01I0WS:

1} maving an outout waveiengwn detween 1.0 am ang 1100 am. cang pune-excied ano Q-switened Wil 3 cuise

JUr3tIon ¢Quas 1o OF greater L1an ¢ n3. having ¢ier of tie totlowing:
‘3) A singie-iransverse mode ouloul having an aversge oulputl power exceeaing WW:
5) A muillupiedransverse modae outoul having an average outoul power exceeging SUW:

i2) operaung st a waveiengus detween 1000 nm 1100 nm ana incorponaung ireausncy doubling giving an cuput
wavelengn  between 300 am and 550 nm with an average power at the doudled irequency (new wavelengw) of

greater tan  40W:

() Tunabie puisea s:ngie-moce ave oscilalors capaoie of an averags power oulput of gresier than | W. 2 repetion mits
greater than | kHz. 3 puise iess than i00 ns. and a waveiengus between 500 nm and 300 nm:

(¢) Tunabis puised dve laser ampliiters and osciilators. except single mods oscillators. with an averags powsr output
of greater than 50 W. a repeution raw grester ian | kHz. 2 puiss widid less than 100 ns. and 2 wavelengh betwesn

300 nm and 800 num:

() Alexsadrite lasers with 3 bandwidth of 0.005 nm or less. a repetition rats of greswr than |25 Hz, and an average
power output grester than 30 W opersung st wavelengias between 720 am sad 800 nm:

(g) Pulsed sarbon dioxide i836rs With & repetition ruts greswr tisa 250 Hz, aa sverags power output of gresier han
500 W. and a puise of less than 200 as operaung st waveisagihs between $000 nm and 11,000 nm;

NB. This specification is not wisnded to coatrol the higher power (typically | to 5 kW) industniai CO, lasers ussd
in 3pplicauons such as cumng snd welding, as Wiess (atier (asers are sither conusuous wave or 3re pulsed

with 8 puise widlt more than 200 ns.

(h) Pulsed excimer lasers (XeF. XeCl. KeF) with a repetition rate greater than 250 1z and an aversge power output of

greater than 500 W operaung at wavelengus ot between 240 and 360 nm:

(i) Pars-hvdrogen Raman shifters designed to operate at |6 um outout wavelenguh and at a repetition fate greater than
250 Hz.

Especially designed or prepared systems, equipment ana components for use in
piasma separation enrichiment plants.

INTROOUCTTAY NOTE

In the plasma separation process. a plasima of uranium ions passes through an electric ficld tuned to the :JSU ion resonance
frequency so that they preferentinlly absorbd energy and incresse the diameter of their torkscrew-like orbits. Jons with s
large=tiamieter path are (rapped 10 produce a product ennched in =" U. The plasms, which is made by ionizing ursnium vapor,
i3 Coildingd 1 a vasuuin shamber with a high-strength megnetic (ivld produced by & supereond g magnet. The main

technological systems of ihe process include (he uranuni plasms genersiion sysism, (e separstor module with superconducting
nagnet, and metal remaoval systems for the collection of "produst’ and "w@ils’.



5.8.3.

5.84.

5.8.5.

5.8.6.

5.9.

Microwave power sources and antennae
Esoecially designed or orepared microwave power Sources and amennae tfor producing or

acceleraing ions and having the following charactenstcs: greater than 30 GHz frequency ana
greater than S0 kW mean power outout for ion proguction.

lon excrtation colls

E<pecially designea or prepared ragio frequency :on excration ccis for frequencies ot more
than 100 kHz ana capable or hanating more than 40 kW mean power.

Uranium plasma generation systems
Especially designed or prepared systems for the generation of uranium plasma, which may
contain high-power stnip or scanning electron beam guns with a geiivered power on the target
of more than 2.5 kW/cm.

Liquid uranium metal handling systems

Especially designed or prepared liquid metal handling systems for moiten uranum or uranium
alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other pars of this system that come into coatact with molien ursnsum or uranium alloys are made of
or protecied by matenials of suitabie corrosion and heat resistance. Suitable materisis include untlum, yuris-<costed
graphite, graphite coaied with uther rare earth oxides or mixtures thereof.

Uranium metal ‘product’ and ‘tails’ coilector assemblies

Especially designed or prepared 'product’ and ‘tails’ collector assemblies for uranum metal n
solid form. These collector assemblies are made of or protected by materials resistant to the
heat and corrosion of uranium metal vapor, such as yttria-coated graphie or tantalum.

Separator module housings

Cylindrical vessels especially designed or prepared for use in plasma separation enrichment
plants for containing the uranium plasma source, radio-tfrequency drive coil and the ‘product’
and tails’ collectors.

EXPLANATORY NOTE

These housings have a multipliaty of ports for electical lped-throughs, diffusion PUMP CONNECUONS SNG INBTUIMSNTEION
diagnostcs ana momitonng. They have provisions for opemng and closure to aiow for refurbshment of intamal
COMPONeNts 2nd are CONSTUCIH Of a suitable NCn-magnede MaeNal sLCh as StANiess SWel.

Especially designed or prepared systems, equipment and components for use in
electromagnetic enrichment piants.

INTRODUCTORY NOTE

In the SeCTOMagnesc Procass. uranum metal ions produced by onizaton of 3 sait 'eed matenal (fypcally UCH) ae
accelerated and passed through a magnenc field that has e etfect of causing e ons of different BODPEs 10 follow
different paths. The major COMPONENS Of an SIECTOMAJNENC (SO SSPATANY INCIUS: 3 Magnesc fsld for On-Deam
diversion/separagon of the (SODEE. & 10N SOUICE WIth 1S 3CCEIEnaton sysiem, anc a colacoon system for the
SOPA/REIG IONS. AUXLSY SYSTIMS fOr T Hrocess INGUGS 1he Magnet power supply system, the 1on Source high-voltige
power supply System. D@ vacuum system. and exiensive chemical handing sysmms for secovery of product ad

- cleaning/recycing of Components.
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5.9.1.

59.2.

59.3.

Electromagnetic isotope sepgrators

Electromagnetic isotope separators especially designed »r prepared for the separation of
yranum isotopes. and equipment ana components therefor, including:

{(a) lonsources

Especially designed or prepared single or muitiple uramum ion sources consisting of a vapor
source, ionizer, and beam accelerator, constructed of suitable matenals sucn as graphite.
stainless steel, ¢r copper. and capable of providing a total ion beam current of 50 mA or

greater.
{b} lon collectors
Collector plates consisting of two or more slits and pockets especially designed or prepared

for collection ot enriched and depleted uranium ion beams and constructed of suitable
materials such as graphite or stainless steel.

{c) Vacuum housings

Especially designed or prepared vacuum housings for uranium electromagnetic separators,
constructed of suitable non-magnetic materials such as stainiess steel and designed for
operation at pressures of 0.1 Pa or lower.

EXPLANATORY NOTE

The housings are specially designed 10 Contan 118 ion Sourcas. collector plales and waler-cooled liners and have
provision for diffusion pump connections and opening and closwe for removal and reinstallation of hese COMpPonNents,

(d) Magnet pole pieces

Especially designed or prepared magnet pole pieces having a diameter greater than 2 m
used to maintain a constant magnetic field within an electromagnetic isotope separator and to
transfer the magnetic field between adjoining separators.

High voitage power supplies

Especially designed or prepared high-voltage power suppliies for ion sources, having all of the
following characteristics: capable of continuous operation, output voltage of 20.000 V or
greater, output current of 1 A or greater, and vollage regulation ot better than 0.01% over a

time period of 8 hours.

Magnet power supplies

Especially designed or prepared high-power, direct current magnet power supplies having all
of the following characterisiics: capable of continuously producing a current output of 500 A or
greater at a voltage of 100 V or greater and with a current or voitage regulation better than
0.01% over a period of 8 hours.
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