\ INF

g@ \V, 7 AR -INFCIRC/254/Rev. 1/Part.1/Mod.2 |
$ A/ April 1994

"7~ , GENERAL Distr.
International Atomic Energy Agency ENGLISH
INFORMATION CIRCULAR Original ENGLISH, FRENCH and

COMMUNICATIONS RECEIVED FROM MEMBER STATES
REGARDING GUIDELINES FOR THE EXPORT OF NUCLEAR MATERIAL,
EQUIPMENT AND TECHNOLOGY

1. The Director General has received notes verbales relating to the export of nuclear
material, equipment and technology from the following Permanent Missions to the
International Atomic Energy Agency: notes verbales dated 1 March 1994 from .he
Permanent Missions of Australia, Austria, Belgium, Bulgaria, Canada, the Czech Republic,
Denmark, Finland, France, Germany, Hungary, Italy, Japan, the Netherlands, Poland,
Portugal, Spain, Sweden, Switzerland, the United Kingdom of Great Britain and Northern
Ireland, and the United States of America; and a note verbale dated 12 March 1994 from the
Permanent Mission of Romania.

2. The purpose of these notes verbales is to provide further information on these
Governments’ nuclear export policies and practices.

3. In the light of the wish expressed at the end of each note verbale, the analogous text
of the notes verbales is attached hereto. The enclosure of these notes verbales ("Annex A:
Trigger List Referred to in Guidelines” and "Annex B: Clarification of Items on the Trigger
List") is reproduced in the Annex.
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NOTE VERBALE

The Permanent Mission of [Member State] to the International Atomic Energy Agency
presents its compliments to the Director General of the International Atomic Energy Agency
and has the honour to refer to its [relevant previous communication(s)] concerning the
decision of the Government of [Member State] to act in accordance with the Guidelines for
nuclear transfers originally published as document INFCIRC/254.

Developments in nuclear technology have brought about the need to further clarify
and amend parts of the trigger list which is incorporated in Annex A and Annex B to the
Guidelines currently published in document INFCIRC/254/Rev.1/Part.1. Specifically:

- Section 5 of Annex B of INFCIRC/254/Rev.1/Part. 1 concerning equipment especially

designed or prepared for the separation of isotopes of uranium has been clarified and
amended;

- Annex A and Annex B of INFCIRC/254/Rev.1/Part.1 have been amended to include
a new entry for plants for the conversion of uranium and equipment especially designed or
prepared therefor; and

- Item 1.7 of Section 1 of Annex B of INFCIRC/254/Rev.1/Part. 1 concerning primary
coolant pumps has been amended.

In the interest of clarity, the complete text of the resultant modified Annex A and
Annex B is reproduced in the attachment.

The Government of [Member State] has decided to act in accordance with the
Guidelines so revised.

In reaching this decision, the Government of [Member State] is fully aware of the
need to contribute to economic development while avoiding contributing in any way to the
dangers of a proliferation of nuclear weapons or other nuclear explosive devices, and of the
need to remove non-proliferation assurances from the field of commercial competition.
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[The Government of (Member State), so far as trade within the European Union is
concerned, will implement this decision in the light of its commitments as a Member State
of the Union.)*

The Government of [Member State] requests that the Director of the International
Atomic Energy Agency circulate the text of this note and its enclosure to all Member States
for their information.

The Permanent Mission of [Member State] avails itself of this opportunity to renew
to the Director General of the International Atomic Energy Agency the assurances of its
highest consideration.

This paragraph is included only in the letters sent by the Governmenis of Belgium, Denmark, France,
Germany, Italy, the Netherlands, Portugal, Spain, the United Kingdom of Great Britain and Norther
Ireland.
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ANNEX A
TRIGGER LIST REFERRED TO IN GUIDELINES

PART A. Material and equipment

Source and special fissionable material
As defined in Article XX of the Statute of the international Atomic Energy Agency:

"Source material”

The term "source material® means uranium containing the mixture of isotopes occurring in
nature; uranium depleted in the isutope 235; thorium; any of the foregoing in the form of metal,
alloy, chemical compound, or concentrate; any other material containing one or more of the
foregoing in such concentration as the Board of Govemors shall from time to time determine;
and such other material as the Board of Governors shall from time to time determine.

"Special fissionable material”

i) The term "special fissionable material” means plutonium-239; uranium-233; uranium
enriched in the isotopes 235 or 233; any material containing one or more of the foregoing; and
such other fissionable material as the Board of Governors shall from time to time determine;
but the term "special fissionable material” does not include source material.

ii) The term "uranium enriched in the isotopes 235 or 233" means uranium comaining the
isotopes 235 or 233 or both in an amount such that the abundance ratio of the sum of these
isotopes 1o the isotope 238 is greater than the ratio of the isotope 235 to the isotope 238
occurring in nawre.

However, for the purposes of the Guidslines, items specified in subparagraph (a) below, and
exports of source or special fissionable material to a given recipient country, within a period of
12 months, below the limits specified in subparagraph (b) below, shall not be included:

(@)  Plutonium with an isotopic concentration of plutonium-238 exceeding 80%.

Special fissionable material when used in gram quantities or less as a sensing
component in instruments; and

Source material which the Government is satisfied is to be used only in non-nuclear
activities, such as the production of alloys or ceramics;

(b)  Special fissionable material 50 effective grams;
Natural uranium 500 kilograms;
Depleted uranium 1000 kilograms; and

Thorium 1000 kilograms.
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Equipment and Non-nuclear Materials

The designation of items of equipment and non-nuclear materials (hereatter referred to as the
"Trigger List") adopted by the Government is as follows (quantities below the levels indicated in
the Annex B being regarded as insignificant for practical purposes):

Reactors and equipment therefor (Ssee Annex B, section 1.);
Non-nuclear materials for reactors (see Annex B, section 2.);

Plants for the reprocec-ing of Irradiated fuel elements, and equipment especially
designed or prepared the:afor (see Annex B, section 3.);

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

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

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

Plants for the conversion of uranium and equipment especially designed or prepared
therefor (See Annex B, Section 7.).

PART B. Common criteria for technology transfers under
paragraph 6 ot the Guidelines

"Technology” means technical data in physical form designated by the supplying country as
important to the design, construction, operation, or maintenance of enrichment, reprocessing,
or heavy water production facilities or major critical components thereof, but excluding data
available to the public, for example, in published books and periodicals, or that which has been
made available internationally without restrictions upon its further dissemination. ’

"Major critical components” are:
(a) inthe case of an isotope separation plant of the gas centrifuge type: gas centrifuge

(b) inthe case of an isotope separation plant of the gaseous diffusion type: diffusion barrer;
(c) inthe case of an isotope separation plant of the jet nozzle type: the nozzle units;
{d) inthe case of an isotope separation plant of the vortex type: the yortex unis.

For facilties covered by paragraph 6 of the Guidelines for which no major critical component is
described in paragraph 2 above, if a supplier nation should transfer in the aggregate a
significant fraction of the items essential to the operation of such a facility, together with the
knowhow for construction and operation of that facility, that transfer should be deemed to be a
transfer of "facilities or major critical components thereof”.



The definitions in the preceding paragraphs are solely for the purposes of paragraph 6 of the
Guidelines and this Part B, which differ from those applicable to Part A of this Trigger List.
which should not be interpreted as limited by such definition.

For the purposes of implementing paragraph 6 of the Guidelines, the following facilities shouid
be deemed to be “of the same type (i.e. if their design, construction or operating processes are
based on the same or similar physicai or chemical processes)™:

Where the technology transferred is such as to
make possible the construction in the recipient
State of a facility of the following type. or major
critical components thereof:

The following will be deemed to be
facilties of the same type:

(@)  anisotope separation plant of the

gaseous diffusiontype ..........ccooe.... any other isotope separation plant using
the gaseous ditfusion process.

(b) an isotope separation plant of the

gas centrifuge type ..........cococeennnnn. any other isotope separation plant using
the gas ceninfuge process.

(c) an isotope separation piant of the jet

NOZZIE tYyPe ...oocvvreieeee e any other isotope separation plant using
the jet nozzle process.

(Q) an isotope separation plant of the

VOREX tYPC ..oevoveceeee e any other isotope separation plant using
the vortex process.

(e}  atuel reprocessing plant using the

solvent extraction process ................. any other fuel reprocessing plant using
the solvent extraction process.

) a heavy water plant using the

exchange process ...........ccoeeververnen. any other heavy water plant using the
exchange process.

()  aheavy water plant using the

electrolytic process ...........c....cocovevenns any other heavy water plant using the
electrolytic process.

(h)  aheavy water plant using the

hydrogen distillation process ............. any other heavy water plant using the
hydrogen distillation process.

Note: In the case of reprocessing, enrichment, and heavy water facilties whose design,
construction, or operation processes are based on physical or chemical processes other than
those enumerated above, a similar approach would be applied to define facilities "of the same
type”, and a need to define major critical components of such facilities might arise.

The reference in paragraph 6(b) of the Guidelings to "any facilties of the same type
constructed during an agreed period in the recipient's country” is understood to refer to such
facilities (or major critical components thereof), the first operation of which commences within a
period of at least 20 years from the date of the first operation of (1) a facility which has been
transferred or incorporates transferred major critical components or of (2) a facility of the same
type built after the transfer of technology. It is understood that during that period there would be
a conclusive presumption that any facility of the same type utilized transferred technology. But
the agreed period is not intended to limit the duration of the safeguards imposed or the duration
of the right to identify facilities as being constructed or operated on the basis of or by the use of
transterred technology in accordance with paragraph 6(b)(2) of the Guidelines.
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ANNEX B
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(as designated in Section 2 of Part A of Annex A)

Reactors and equipment therefor
Complete nuclear reactors

Nuclear reactors capable of operation $0 as to maintain a controlled self-sustaining fission
chain reaction, excluding zero energy reactors, the latter being defined as reactors with a
designed maximum rate of production of plutonium not exceeding 100 grams per year.

EXPLANATORY NOTE

A “nucleas reactor” basically includes the items within or attached directly to the reactor vessel, the equipment which
contois the level of power in the core, and the components which normally contain or come in difect contact with or
control U@ primary coolant ot the reactor core.

It is not intended to exclude reactors which could reasonably be capabie of modificaton to produce significanty more
than 100 grams of plutonium per year. Reactors designed for sustained operation at significant power levels, regardiess
of their capacity for plutonium production, are not considered as “Zero SNergy reactors”.

EXPORTS

The export ot the whol@ set of major items within this boundary will take place only in accordance with the procedures of
the Guidelines. Those individual items within this functionally defined boundary which will be exported only in
accordance with the procedures of the Guideiines are histed in paragraphs 1.2. to 1.7. The Govemnment reserves the
right to apply the procedures of the Guidelines to other items within the functionally defined boundary.

Reactor pressure vessels

Metal vessels, as complete units or as major shop-fabricated parts therefor, which are
especially designed or prepared to contain the core of a nuclear reactor as defined in
paragraph 1.1. above and are capable of withstanding the operating pressure of the primary
coolant.

EXPLANATORY NOTE
A fop plate for a reactor pressure vessel is covered by item 1.2. as a major shop-fabricaled part of a pressure vessel.

Reactor internals (eg support columns and plates for the core and other vessel internals, control rod guide tubes,
thermal shieids, baffles, core grid plates, diffuser plates, eic.) are normally supplied by the reactor supplier. in some
cases, certain intemal support components are included in the fabrication of the pressure vessel. These items are
sufficiently critcal io the safety and reliability of the cperalion of the reactor (and. therelore, to the guarantees and
liability of th:, s@actor supplier), s0 that their supply, cutside the basic supply arangement for the reactor itself, would not
be commnn practce. Therefore, although the separate supply of these unique, especially designed and prepared,
cntical, large and expensive ilems would not necessarily be considered as falling outside the area of concern, such a
mode of supply is considered unlikely.

Reactor fuel charging and discharging machines

Manipulative equipment especially designed or prepared for inserting or removing fuel in a
nuclear reactor as defined in paragraph 1.1. above capable of on-load operation or empioying
technically sophisticated positioning or alignment features to allow complex off-load fuelling
operations such as those in which direct viewing of or access to the fuel is not normally
available.
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Reactor control rods

Rods especiaily designed or prepared for the control of the reaction rate in a nuclear reactor
as defined in paragraph 1.1. above.

EXPLANATORY NQTE

This 1tem includes. in additon o the neutran absorbing part. the support or suspension structures therefor it supphied
separately.

Reactor pressure tubes

Tubes which are especially designed or prepared to contain fuel elements and the primary
coolant in a reactor as defined in paragraph 1.1. above at an operating pressure in excess of
5.1 MPa (740 psi).

Zirconium tubes

Zirconium metal and alloys in the form of tubes or assemblies of tubes, and in quantities
exceeding 500 kg in any period of 12 months, especially designed or prepared for use in a
reactor as defined in paragraph 1.1. above, and in which the relation of hafnium to zirconium
is less than 1:500 parts by weight.

Primary coolant pumps

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

EXPLANATORY NOTE

Especially designed or prepared pumps may include elaborate sealed or multi-sealed systems 10 prevent leakage of
primary coolant, canned-driven pumps, and pumps with inersal mass systems. This definition encompasses pumps
cortified to NC-1 or equivalent standards.

Non-nuclear materials for reactors
Deuterium and heavy water

Deuterium, heavy water (deuterium oxide) and any other deuterium compound in which the
ratio of deuterium to hydrogen atoms exceeds 1:5000 for use in a nuclear reactor as defined
in paragraph 1.1. above in quantities exceeding 200 kg of deuterium atoms for any one
recipient country in any period of 12 months.

Nuclear grade graphite

Graphite having a purity level better than 5 parts per million boron equivalent and with a
density greater than 1.50 g/cm’® in quantities exceeding 3-10* kg (30 metric tons) for any one
recipient country in any period of 12 months.
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Plants for the reprocessing ot irradiated fuel elements, and equipment
especially designed or prepared theretor

INTRODUCTORY NOTE

Reprocessing iradiated nuclear fuel separates plutonium and uranium from intensely radioactive fission products and
ather tansuranic elements. Different technical Processes can accompish this separabon. However, aver the years
Purex has become the most commonly us@d and accepted process. Purex invoives the dissolution of iradiated nuciear
tuel In nitnc acid. tollowed by separabon of the uranium. plutonium, and fission products by solvent extraction using a
mixture of tributyl phasphale i an organic diuent.

Purex tacilities have process funcaons similar to each other, including: uradiated fuel element chopping, fuet dissoluton.
soivent axtraction. and pracess liquor slorage. There may aiso be equipment for themmal demitadon of uranium Mitrate.
convexion of plutonium nirate o ox)0e of metal, and treatment of fission product waste liquor 1o @ form suitable for long
term storage or disposal. However, the spacific type and configuraton of the equipment performing these functons may
ditter between Purex facilities for several reasons, including the type and quantty of irradiawed nuciear fuei to be
reprocessed and Me intended dispositon of the recovered matwerials, and the satety and maintenance philosophy
incorporated into the design of the tacility.

A “plant for the reprocessing of irradiated fuel elements”, includes the equipment and components which normally come
in direct contact with and directly control the irradiated fuel and the major nuciear matenal and fission product processing
streams.

These processaes, including the compilete systems for plulonium conversion and plutonium metal production, may be
identtied by the measures taken to avold critcality (g by geomety), radiation exposure (eg by shieiding), and toxicity
hazards (e@g by contsinment).

EXPORTS

The export of the whole set of major items within this boundary will take place only in accordance with the procedures of
the Guidelines.

The Government reserves to itseit the night to apply the procecures of the Guidelings t0 other items within he
funcsonally defin@d boundary as listed beiow.

ltems of equipment that are considered to fall within the meaning of the phrase "and
equipment especially designed or prepared” for the reprocessing of irradiated fuel elements
include:

Irradiated fuel element chopping machines
INTRODUCTORY NOTE

This equipment breaches the cladding of the fuel to expose the irradia®d nuclear material to dissolution. Especially
designed metal culting shears are the most commonly empioyed, although advanced equipment, such as lasers, may
be used.

Remotely operated equipment especially designed or prepared for use in a reprocessing plant
as identified above and intended to cut, chop or shear irradiated nuclear fuel assemblies,
bundles or rods.

Dissolvers
INTRODUCTORY NOTE

Dissolvers normally receive the chopped-up spent fuel, in 1ese crilically sale vessels, the irradialed nucieas material is
dissoived in nitric acid and the remaining hulis removed from the process steam.

Critically safe tanks (eg small diameter, annular or slab tanks) especially designed or
prepared for use in a reprocessing plant as identified above, intended for dissolution of
irradiated nuclear fuel and which are capable of withstanding hot, highly corrosive liquid, and
which can be remotely loaded and maintaine2.
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Solvent extractors and solvent extraction equipment
INTRODUCTCRY NOTE

Solvent extractors both receve the soluton of irradiaied luel from the dissoivers and the organic solubon which
separates the urantum, plutonium. and fission products. Solvent extaction equipMent is normally designed to meet stnict
operatng parameters. such as long operatng hileumes with no maintenance requirements or adaptabiity to easy
replacement. simplicity of operaton and control, and figuibility for variatons in process cond:ions.

Especially designed or prepared solvent extractors such as packed or puise columns, mixer
settlers or centritugal contactors for use in a plant for the reprocessing of irradiated fuel.
Soivent extractors must be resistant to the corrosive etfect of nitric acid. Solvent extractors
are normally fabricated to extremely high standards (including special welding and inspection
and quality assurance and quality control techniques) out of low carbon stainless steels.
titanium, zirconium, or other high quality matenials.

Chemical holding or storage vessels
INTRODUCTORY NOTE

Three main process liquor streams resull from the solvent extraction step. Holding of storage vessels are used in he
turther processing of all three streams, as follows:

(a)  The pure uranium nitrate solution is concentraled by evaporation and passed 10 a denitration process where it is
converted to uranium oxide. This oxde is re-used in the nuciear fuel cycie.

(b) The intensely radioactive fission products solution is normally concentrated by evaporation and stored as a liquor
concentrate. This concentrate may be subsequently evaporated and converted to a form suitable for storage or disposal.
{c)  The pure piutonium nitrate solution is concentrated and stored pending its transfer to further process steps. In
particulay, holding or storage vesseis for plutonium solutions ar@ designed lo avoid criticality problems resulting from
changes in concentration and form of this sream.

Especially designed or prepared holding or storage vessels for use in a plant for the
reprocessing of irradiated fuel. The holding or storage vessels must be resistant to the
corrosive effect of nitric acid. The holding or storage vessels are normally fabricated of
materials such as low carbon stainiess steels, titanium or zirconium, or other high quality
materials. Holding or storage vessels may be designed for remote operation and maintenance
and may have the following features for control of nuclear criticality:

(1) walls or internal structures with a boron equivaient of at ieast two per cent, or
(2) amaximum diameterof 175 mm (7 in) for cylindrical vessels, or
(3) amaximum width of 75 mm (3 in) for either a slab or annular vessel.

Plutonium nitrate to oxide conversion system
INTRODUCTORY NOTE

In most reprocessing lacilites. this final process involves the conversion of the plutonium nitrate solution to plutonium
dioxide. The main functions invoived in this process are:

process feed slorage and adjustment, precipitation and solidliquor separaton, calicination, product handling, ventiation,
waste management, and process control.

Complete systems especially designed or prepared for the conversion of plutonium nitrate to
plutonium oxide. in particular adapted so as to avoid criticality and radiation effects and to
minimize toxicity hazards.
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Plutonium oxide to metal production system
INTRODUCTORY NOTE

This process. which could be related o a reprocessing faciity, involves the fiuonnaton of plutorsum dioxde. normally
with highly corrosive hydrogen fluonde. to produce plutonium fluonde which is subsequently reduced using high purity
calaum metal 1o produce maetalic plutonium and a calcium fluonde siag. The main functions involved in this Procass are.
fluonnaton (g9 Involving equipment fabncated or lined with a precious metal), metal reduction (eg employing ceramic
cruaibies), slag recovery, product handling, ventiiaton, waste management and process control. -

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

Plants for the fabrication of fuel elements
A “plant for the fabrication of fuel elements” includes the equipment:

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

(b} Which seals the nuclear material within the cladding.

EXPORTS

The export of the whole set of items lor the foregoing operations will take place onty in accordance with the procedures
of the Guidelings, The Government will aiso give consideration to application of the procedures of the Guideiines ©
individual items intended for any of the foregoing operations, as well as for other fuel fabrication operations such as
checking the integrity of the cladding o the seal, and the finishing reatment of the ssaled fuel.

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,
cther than analytical instruments, especially designed or prepared” 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 centrifuge normally consists of a thin-walled cylinder(s) of between 75 mm (3 in) and 400 mm (16 in) diameter
contained in a vacuum environment and spun at high peripheral speed of the order of 300 Vs or more with its central
axis vertical. In order 1o achieve high speed the materials of construction for the rotating components have to be of a
nigh strength to density rato and the rotor assembly, and hence its individual components, have to be manufactured ©
very close (oleérances in o/der 10 minimize the unbalance. In contrast 1o other centrifuges, the gas centrituge for uranium
ennichment is charactenzed by having within the rotor chamber 8 rotating disc-shaped batfie(s) and 8 stationary tube
arrangement for feeding and extractng the UF, gas and festunng at least 3 separate channeis, of which 2 are
connected 1o $coops exiending from the rotor axis lowards the penphery of the rotor chambaer. Aliso contained within the
vacuum environment a/e 8 NUMber of critical items which do not rotam and which aithough they are especially designed
are not difficult to fabricale nor ar@ they fabricated out of unique matenals. A centifuge facility however requires a large
number of hese components, so that quantties can provide an important indication of end use.

Rotating components
(a) Compiete rotor assemblies:

Thin-walled cylinders, or a number of interconnected thin-walled cylinders, manufactured from
one or more of the high strength to density ratio materials described in the EXPLANATORY NOTE
10 this Section. If interconnected, the cylinders are joined together by flexible bellows or rings
as descnbed in section 5.1.1.(c) following. The rotor is fitted with an internal baftle(s) and end



caps. as descnbed in section 5.1.1.(d) and (e) following, if in final form. However the complete
assembily may be delivered only partly assembied.

(b) Rotor tubes:

Especially designed or prepared thin-walled cylinders with thickness of 12 mm (0.5 in) or less.
a diameter of between 75 mm (3 in) and 400 mm (16 in), and manufactured from one or more
ot the high strength to density ratio materials descnbed in the EXPLANATORY 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 bellows is a short cylinder of wall thickness 3 mm
(0.12in) or less. a diameter of between 75 mm (3 in) and 400 mm (16 in), having a convolute.
and manufactured from one of the high strength to density ratio materials described in the
EXPLANATORY NOTE to this Section.

(d) Baffles:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diameter especially
designed or prepared to be mounted inside 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 materials described in the EXPLANATORY NOTE to this
Section.

(e) Top caps/Bottom caps:

Disc-shaped components of between 75 mm (3 in) 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 materials
described in the EXPLANATORY NOTE to this Section.

EXPLANATORY NOTE

The matenals used for centituge rotating components ae:

{a)  Maraging steel capable of an uitmate tensile srength of 2.05-10° N/m? (300,000 psi) or more;
(o)  Aluminium alloys capabie of an uitimate tensile strength of 0.46.10° Nim? (67,000 psi) or more;

{c)  Filamentary materials suilable for use in composite swuctures and having a specific modulus of 123.10* mor
greater and & specific ultimate tensile stength of 0.3-10° m or greater ('Specific Modulus' is the Young's Modulus in Nm?
divided by the specific weight in N'm?; ‘Specific Ulimate Tensile Strength’ is the ultimate tensile stength in N/m? divided
by the specific weight in N‘'m?).

Static components
(@) Magnetic suspension bearings:

Especially designed or prepared bearing assemblies consisting of an annular magnet
suspended within a housing containing a damping medium. The housing will be manufactured
from a UF,-resistant material (see EXPLANATORY NOTE to Section 5.2.). The magnet couples
with a pole piece or a second magnet fitted to the top cap described in Section 5.1.1.(e). The
magnet may be ring-shaped with a relation between outer and inner diameter smaller or equal
1o 1.6:1. The magnet may be in a form having an inftial 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” (107 gauss-oersteds). In addition to the usual material properties, it is a prerequisite
that the deviation of the magnetic axes from the geometrical axes is limited to very small
tolerances (lower than 0.1 mm or 0.004 in) or that homogeneity of the material of the magnet
is specially called for.
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(b) Bearnings/Dampers:

Especially designed or prepared bearings comprising a pivot/cup assembly mounted on a
damper. The pivot is normally a hardened steel shaft with a hemmisphere at one end with a
means of attachment to the bottom cap described in section 5.1.1.(e) at the other. The shaft
may however have a hydrodynamic bearing attached. The cup is pellet-shaped with a
hemispherical indentation in one surface. These components are often supplied separately to
the damper.

(¢} Molecular pumps:

Especially designed or prepared cylinders having internaily machined or extruded helical
grooves and intemally machined bores. Typical dimensions are as follows: 75 mm (3 in) to
400 mm (16 in) internal diameter, 10 mm (0.4 in) or more wall thickness, with the length equal
to or greater than the diameter. The grooves are typically rectangular in cross-section and 2
mm (0.08 in) or more in depth.

(d) Motor stators:

Especially designed or prepared ring-shaped stators for high speed multiphase 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 comprised of thin layers typically 2.0 mm (0.08 in)
thick or less.

(e) Centrifuge 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) with
precision machined ends to locate the bearings and with one or mare flanges for mounting.
The machined ends are parallel to each other and perpendicular 1o the cylinder's longitudinal
axis to within 0.05 degrees or less. The housing may aiso be a honeycomb type structure 10
accommodate several rotor tubes. The housings are made of or protected by materials
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 within the rotor tube by a Pitot tube action (that is, with an aperture
facing into the circumferential gas flow within the rotor tube, for example by bending the end
of a radially disposed tube) and capable of beirg fixed to the central gas extraction system.
The tubes are made of or protected by materials resistant to corrosion by UF,.

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

INTRODUCTORY NOTE

The auxiliary systems, equipment and components for a gas centrifuge enrichment plant ase the systems of plant
needed 1o feed UF, to the ceninfuges, to link the individual centifuges 10 each other to form cascades (or stages)
allow for progressively higher enrichments and to extract the ‘product and ails' UF from the centrifuges, logether with
the equipment requirad to drive the centifuges or o control the plant.

Normally UF, is evaporaled from the solid using hesled autociaves and is distributed in gaseous form to the centifuges
by way of cascade header pipework. The ‘product and ‘ils’ UF, gaseous streams fiowing from the centifuges are also
passed by way of cascade header pipework to coid Uaps (operating at about 203 K (-70°C)) where they are condensed
prior to onward transier into suilable containers for Yansporation or slorage. Because an envichment plant consists of
many thousands of centrifuges asranged in cascades there e many kiometsrs o cascade header pipework,
incorporatng thousands of weids with & sudbstantisJ amount of repettion of isyout. The equipment, componenis and
pipINg sysiems are {abricaled to very high vacuum and cleaniiness standards.
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5.2.1.

5.2.2

5.2.3.

5.24.

Feed systems/product and tails withdrawal systems
Especiaily designed or prepared process systems including:

Feed autociaves (or stations), used for passing UF, to the centrifuge cascades at up to
100 kPa (15 psi) and at a rate of 1 kg/h or more.

Desublimers (or cold traps) used to remove UF, from the cascades at up to 3 kPa (0.5
psi) pressure. The desublimers are capable of being chilled to 203 K (-70°C) and heated
to 343 K (70°C);

Product’ and ‘Tails’ stations used for trapping UF, into containers.

This plant, equipment and pipework is wholly made of or lined with UF-resistant materials
(see EXPLANATORY NOTE to this section) and is fabricated to very high vacuum and cleanliness
standards.

Machine header piping systems

Especially designed or prepared piping systems and header systems for handling UF, within
the centrifuge cascades. The piping network is normally of the ‘triple’ header system with
each centrifuge connected 1o each of the headers. There is thus a substantial amount of
repetition in its form. It is wholly made of UF4-resistant materials (See SXPLANATORY NOTE tO
this section) and is fabricated to very high vacuum and cleanliness standards.

UF, mass spectrometers/ion sources

Especially designed or prepared magnetic or quadrupole mass spectrometers capable of
taking ‘on-line’ samples of feed, product or tails, from UF, gas streams and having all 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 (aiso known as converters or inverors) 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 all of the following charactenistics:

1. A multiphase output of 600 to 2000 Hz;

2. High stability (with frequency contsol better than 0.1%);
3.  Low harmouiic distortion (less than 2%). and

4. An efficiency of greater than 80%.

EXPLANATORY NOTE

The iams listed above either come into drect contact with the UF, process gas or directly control the centnfuges and
the passage of the gas from centrifuge 1o centrifuge and cascade (o cascade.

Materiais resislant (o corrosion by UF include stainless stael, aluminium, aluminium alioys, nickel of alioys containing
60% ot more nickel

1



5.3.

5.3.1.

5.3.2.

53.3.

5.34.

§.3.5.

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

INTRODUCTORY NOTE

In the gaseous diffusion method of uranium isclope separabon, the main technological assembly is a special porous
gaseous ditfusion barner, heat exchanger lor cooling the gas {which is heated by the process ot compression). seal
valves and control valves. and pipelines. inasmuch as gaseous diffusion technology uses uranium hexafiuonde (UFs).
all equipment, pipeling and iInstumentabon surtaces (that come in contact with the gas; must be made of materiais that
remain stable in contact mth UF,. A gaseous diftusion facility requires a number of these assemblies, so that quantbes
can provide an important indicaton ot end use.

Gaseous diffusion barriers

(a) Especially designed or prepared thin, porous filters, with a pore size of 100 - 1,000 A
(angstroms), a thickness of 5 mm (0.2 in) or less, and for tubular forms, a diameter ot 25 mm
(1 in) or less, made of metallic, polymer or ceramic materials resistant to corrosion by UF,,
and

(b} especially prepared compounds or powders for the manutacture of such filters. Such
compounds and powders include nickel or alloys containing 60 per cent or more nickel.
aluminium oxide, or UFg-resistant fully fluorinated hydrocarbon polymers having a purity of
99.9 per cent or more, a particle size less than 10 microns, and a high degree of patticle size
uniformity, which are especially prepared for the manufacture of gaseous diffusion barriers.

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 of
comparable dimensions, which have an inlet connection and two outlet connections all of
which are greater than 50 mm (2 in) in diameter, for containing the gaseous ditfusion barrer,
made of or lined with UFgresistant materials and designed for horizontal or verical
installation.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal, or positive displacement compressors, or
gas blowers with a suction volume capacity of 1 m¥min 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 well as separate
assemblies of such compressors and gas blowers. These compressors and gas blowers have
a pressure ratio between 2:1 and 6:1 and are made of, or lined with, materials resistant to
UF,.

Rotary shaft seals

Especially designed or prepared vacuum seals, with seal feed and seal exhaust connections,
for sealing the shatt 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 normally designed for a
butter gas in-leakage rate of less than 1000 cm®min (60 inmin).

Heat exchangers for cooling UF,

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

12



54.

54.1.

54.2.

54.3.

5.4.4.

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

INTRODUCTOQRY NOTE

The auxiiary systems equipment and components for gaseous difusion enrichment piants are the systems of plant
needed ¢ teed UF, (o the gaseous diffusion assembly, (o link the ndmdual assemblies 1o each other to torm cascades
;o stages) to allow for prcgressively higher enrichments and to extract the “product” and “tails™ UF, from the diffusion
cascades Because of the high inertial properaes of diffusion cascades, any interruption in their operaton. and especiaily
er shul-down. teads to senous consequences. Therefore, a stict and constant mantenance of vacuum in ali
technological Systems. automauc prolection from accidents. and precrse automated regulaton of the gas flow is of
/mportance in a gasecus diffusion plant. All tis leads to a need to equip the piant with a large number ot special
measurning. reguiatng and controling systems.

Normally UF, 1s evaporated from cyh-cers placed within autoclaves and Is distributed in gaseous form 1o the entry point
by way of cascade header pipework. The “product” and “tails” UF, gaseous streams fiowing from exit points are passed
by way of cascade header pipework to @ither cold traps or to compression stations where the UF, gas is liquehed prior
to onward transter into suitable containers for transportabon or storage. Because a gaseous diffusion ennchment plant
consists of a large number of gaseous diffusion assemblies asrranged in cascades, there are many kiometers of
cascade header pipework. Incorporating thousands of welds with substantal amounts of repetiton of layout. The
equipment. components and pping systems are fabricatad to very high vacuum and cleanliness 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), used for passing UF, to the gaseous diffusion cascades:
Desublimers (or cold traps) used to remove UF, from diffusion cascades;

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

“Product” or "tails” stations used for transferring 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 normally 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 ft%min) or more.

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

Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and control beliows valves
made of UF,-resistant materials with a diameter of 40 10 1500 mm (1.5 to 59 in) for instailation
i main and auxiliary systems of gaseous ditfusion enrichment plants.
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5.4.5. UF,mass spectrometers/ion sources

5.5.

5.5.1.

55.2.

Especially designed or prepared magnetic or quadrupale mass spectrometers capable of
taking "on-line” samples of feed. product or tails, from UFg gas streams and having all of the
following characteristics:

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 bombariment ionization sources;

4. Collector system suitable for isotopic analysis.

EXPLANATORY NOTE

The items listed above either come into direct contact with the UF, process gas or directly control the flow within the
cascade. All surtaces which come into contact with the process gas ar@ wholly made of, or lined with, UFe-resistant
materials. For the purposes of the sections relating to gaseous diffusion items the materials resistant to corrosion by UF
include stainiess swel, aluminium, aluminium alloys, aluminium oxide, nickel or alloys 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.

INTROCUCTORY NOTE

In aerodynamic enrichment processes, 8 mixture of gaseous UF.WIynga(hydropmorMm)bmprumw
then passed though sepasating elements wherein isotopic separation is accomplished by the generation of high
centrifugal forces over a curved-wall geomety. Two processes of this type have been successiully developed: the
se@paration nozzie process and the vortex tbe process. For both processes the main components of a separation stage
include cylindrical vesseis housing the special separation siements (nozzies or vorex tubes), gas compressors and
heat exchangers to remove the heat of compression. An asrodynamic plant requires a number of these stages, so that
quantites can provide an important indication of end use. Since asrodynamic processes use UF,, all aquipment, pipeline
and insttumentation surfaces (that come in contact with the gas) must be made of materials that remain stabie in contact
with UF.

EXPLANATORY NOTE

The items listed in this saction either coma into direct contact with the UF, proosss gas or directly contol the flow within
the cascade. All surfaces which come inlo contact with the process gas are wholly made of or protactad by UF -
resistant materials. For the purposes of the section relating to asrodynamic enrichment items, the materials resistant ©
cofrosion by UF, inciude copper, stainiess steel, aiuminium, siuminium alioys, nicket or alloys containing 60% or more
nickel and UF -resistant fully fluorinated hydrocarbon polymers.

Separation nozzies

Especially designed or prepared separation nozzles and assemblies thereof. The separation
nozzles consist of slit-shaped, curved channels 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 tlowing 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 vortex tube tangentally at ona end or through swirl vanes or at numerous tangential positions
along the periphery of the fube.
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5.5.3.

554

5.5.5.

5.5.6.

5.5.7.

55.8.

Compressors and gas blowers

Especially designed or prepared axial. centnfugal or positive displacement compressors of
gas blowers made of or protected by materials resistant to corrosion by UF, and with a
suction volume capacity ot 2 m¥min or more of UF Jcarrier gas (hydrogen or helium) mixture.

EXPLANATORY NOTE

These compressors and gas blowers typically have 3 pressure (ata between 1.2.1 and 6.1,

Rotary shaft seals

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 of 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 Jcarrier gas mixture.

Heat exchangers for gas cooling

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

Separation element housings

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

EXPLANATORY NOTE

These housings may be cylindrical vessels greater than 300 mm in diamater and greater than 900 mm in length, or may
be rectangular vesseis of comparable dimensions, and may be designed for horizontal or veracal installagon.

Feed systems/product and talls withdrawal systems

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

(a) 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 transfer upon heating;

() Solidification 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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5.58.

5.5.10.

5.5.11.

55.12.

5.6.

Vacuum systems and pumps

(a) Especially designed or prepared vacuum systems having a suction capacity ot 5 m_’/min
or more, consisting of vacuum manifolds, vacuum headers and vacuum pumps. and designed
for service in UF-beanng atmespheres,

(b) Vacuum pumps especiaily designed or prepared for service in UF-beanng atmospheres
and made of or protected by materials resistant to corrosion by UF,. These pumps may use
fluorocarbon seals and special working fluids.

Special shut-off and control valves

Especially designed or prepared manual or automated shut-oft and control bellows valves
made of or protected by materials resistant to corrosion by UF, with a diameter of 40 to 1500
mm tor installation in main and auxiliary systems of aerodynamic enrichment plants.

LUF, mass spectrometers/lon sources

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

1. Unit resolution for mass greater than 320;

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

Collector system suitable for isotopic analysis.

pall

UF jcarrier gas separaﬂon systems

Especially designed or prepared process systems for separating UF, from carrier gas
(hydrogen or helium).

EXPLANATORY NOTE

These sysiems ae designed to reduce the UF, content in the carrier gas to 1 ppm or ess and may incorporate
equipment such as:

(a) Cryogenic heat exchangers and Cryosepasalors capabie of temperatures of - 120 °C or less, or
(b)  Cryogenic refrigeration units capable of emperatures of -120 °C or less, or

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

(@)  UF, cold traps capabie of temperatures of -20 °C of less.

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

INTRODUCTORY NOTE

The slight difference in mass between the isotopes of uranium causes smail changes in chemical reacton equilibria that
can be used as a bass for saparation of the isotopes. Two processes have been successiully developed. liquid-liquid
chemical exchange and solid-liquid ion exchange.

In the liquid-liquid chemical exchange process, immiscibie liquid phases (aqueous and organic) a/@ couniercurrenty
contacted 1o give the cascading effect of thousands of separation stages. The aqueous phase consists of uranium
chionde n hydrochloric acid solution. the organic phase consists of an extractant containing uranium chioride in an
organc solvent. The contactors employed in the separation cascade can be liquid-liquid exchange columns (such as
puiseo columns with sieve piates) or liquid centrifugal contactors. Chemical conversions (oxidation and reduction) are
required at both ends of the separation cascade in order 10 provide for the reflux requirements at each end. A major
design concern is to avoid contamination of the process steams with certain metal ions. Plastc, plastic-lined (including
use of fuorocarbon polymers) and/or giass-lined columns and piping are therefore used.
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5.6.1,

5.6.2.

5.6.3.

in the salid-higuid ion-exchange procass. enfichment is accomplished by uranium adsorplion/desorplion on a special.
+ery tast-actng. 1on-exchange resin or adsorbent. A soiution o uranium in hydrochionic acd and other chemical agents
'S passed through cylindrical ennchment columns containing packed beds of the adsorbent For a contnuous process. a
(gliux Sysiem 1s necessary to reiease the uranium from the adsorbent back Inta the iiquia fiow so that proguct ana taiis
can be collected This i1s accompiished whith the use of suitable reducton/axigaton chemical agents that are fully
regenerated in separate external circuits and that may be partally regenerated within the 1SOlopic separation columns
themseives The presence of hot concentrated hydrochione acd solutions in the process requires that the equipment be
maae ot or protected by special corrosion-resistant materiais.

Liquid-liquid exchange colums (Chemical exchange)

Countercurrent liquid-liquid exchange columns having mechanicai power input (i.e., puised
columns with sieve plates, reciprocating plate columns, and columns with internal turbine
mixers), especially designed or prepared for uranium enrichment using the chemical
exchange process. For corrosion resistance to concentrated hydrochloric acid solutions, these
columns and their internals are made of or protected by suitable plastic materials (such as
fluorocarbon polymers) or glass. The stage residence time of the columns is designed to be
shiort (30 seconds ar less).

Liquid-liquid centrifugal contactors (Chemical exchange)

Liquid-liquid centrifugal contactors especially designed or prepared for uranium enrichment
using the chemical exchange process. Such contactors use rotation to achieve dispersion 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 conactors 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 cell cathodic compartment must be designed (o prevent re-ox:dation of uranum 1o its higher valence stata. To keep
the uranium in the cathodic compartment, the call may have an impervious diaphragm membrane constructed of special
cation exchange material 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 strpping the U** from the organic steam INto an aqueous
solution, evaporaton and/or other equipment 10 accomplish soluton pH adjustment and control, and pumps or other
lrans.er davices for feeding to the electrochemical reducuon cells. A major design concern is {0 avoid contaminaton of
the aqueous steam with certan metai ions. Consequenty, for those parts in contact with the process steam. the
system is constructed of equipment made of or protected by suilable materials (such as glass. fluorocarbon polymers.
polyphenyl sultate. polyether sulfone, and resin-impregnaled graphile)
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5.6.4.

5.6.5.

5.6.6.

5.6.7.

5.6.8.

Feed preparation systems (Chemicai exchange)

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

EXPLANATORY NOTE

These systems consist of dissolution, solvent extraction and/or ion exchange equipment for purification and electrolytic
cells for reducing the uranium U** or U* to U™ These systems produce uranium chioride solutions having only a tew
parts per million of metallic impurities such as chromium, iron, vanadium, molybdenum and other bivalent or higher mulu-
valent cations. Matenais of construction for portions of the system processing high-purity U*? inciude glass, fluorocarbon
polymers, polyphenyi suifate or polyether sulfone plastic-lined and resin-impregnated graphite.

Uranium oxidation systems (Chemical exchange)

Especially designed or prepared systems for oxidation of U*3 to U* for retum to the uranium
isotope separation cascade in the chemical exchange enrichment process.

EXPLANATORY NOTE

These systems may incorporate equipment such as:

(a) Equipment for contacting chiorine and oxygen with the aqueous effluent from the isolope separation equipment
and extracting the resuitant U** into the stripped organic sream returning from the product end of the cascade,

(b) Equipment that separates watsr from hydrochioric acid so that the water and the concentrated hydrochioric acd
may be reintroduced to the process 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 macroreticular resins, and/or
peliicular structures in which the active chemical exchange groups are limited to a coating on
the surface ot an inactive porous support structure, and other composite structures in any
suitable 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 soluticns as well 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 half-time of less than 10 seconds) and are capable of
operating at a temperature in the range of 100°C to 200°C.

lon exchange columns (lon exchange)

Cylindrical columns greater than 1000 mm in diameter for containing and supporting packed
beds of ion exchange resin/adsorbent, 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 gsia).

ion exchange reflux systems (ion 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) Espgcially designed or prepared chemical or electrochemical oxidation systems for
regeneration of the chemical oxidizing agent(s) used in ion exchange uranium enrichment
cascades.
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5.7

5.7.1.

5.7.2.

57.3.

EXPLANATORY NOTE

Thae:cn axchange ennichment process may use, for example. tvalent tanium (MY as a reducing cagon in which case
the reduction System wouid regenerate Ti"* by reducing Ti**.

The orocess may use. lor example, tivalent ron (Fe*’) as an oxant in which case the oxidaton system would
regenerate Fe** by oxidizing Fe*?

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

‘NTRODUCTORY NOTE

Present systams for enrichment processes using lasers fall into two categonies. those in which the process medium is
atomic uranium vapor and those in which the process medium is the vapor of a uranium compound. Common
nomenclature tor such processes include: first category - atomic vapor laser 1sotope separation (AVLIS or SILVA),
second category - molecular laser isotope separation (MLIS or MOUIS) and chemical reaction Dy 1S0lope seiective laser
activanon (CRISLA). The systems, equipment and components for laser ennchment piants embrace: (a) devices (o tead
uramum-melal vapor (for selective photo-ionization) or devices t0 feed the vapor of a2 uranium compound (for photo-
dissociauon of chemical actvaton), (b) devices to collect enriched and depieted uranium metal as ‘product and tails’ in
the hirst category, and devices 0 collect dissociated or reacted compounds as ‘product and unatfected material as tails’
in the second calegory; (C) process iaser systems 10 s@lectvely excite the uranium-235 speces; and (d) teed
preparaton and product conversion equipmant. The compigxity of the spectroscopy of uranium atoms and compounds
may require incorporation of any of a number of available iaser technologies.

EXPLANATORY NOTE

Many of the iterns listed in this section come into direct contact with uranium metal vapor or liquid or with process gas
consisting of UF of a mixture of UF, and other gases. All surtaces that come into contact with the uranium or UF, are
wholly made of or protected by corrosion-resistant materialis. For the purposes of the section relating to laser-based
enrichment items, the matenals resistant to corrosion by the vapor or liquid of uranium maetal or uranium alloys include
yttna-coated graphite and tantalum; and the materials resistant to corrosion by UF, include copper, stainless stoef,
auminum, aluminium alloys, nicket or alloys containing 60 % or more nickel and UF -resistant fully fluonnated
hydrocarbon polymers.

Uranium vaporization systems (AVLIS)

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

Liquid uranium metal handling systems (AVLIS)

Especially designed or prepared iiquid metal handiing systems for molten uranium or uranium
alloys, consisting of crucibles and cooling egquipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with moilen uranium or uranium alloys are made ot
or protected by materials of suitable corrosion and heat resistance. Suitable matenals include tantalum, yttria-coated
graphite, graphite coated with other rare earth oxides (see INFCIRC/254/Rev. 1/Part 2, item 2.7) or mixtures thereof.

Uranium metal ‘product’ and ‘tails’ coliector assemblies (AVLIS)

Especiaily designed or prepared ‘product’ and ‘tails’ coflector assembiies for uranium metai in
liquid or solid form.

EXPLANATORY NOTE

Components for these assemblies are made of or protected by matsrials resistant 1o the heat and corrosion of uranium
metat vapor or liquid (such as ytina-coated graphite of tanialum) and may include pipes, vaives, fitings, ‘gutiars’. teed-
througns. heat @xchangers and collector plates for magnetic, electrostatic or other separaion methods.
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5.7.4.

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 cylindrical or rectangular vessels for containing the uranium
metal vapor source. the electron beam gun, and the "product’ and ‘tails’ collectors.

EXPLANATORY NOTE

These housings have muitphcity of ports for electical and water 19ed-throughs, laser beam windows, vacuum pump
connections and instrumentaton diagnostics and monitonng. They have provisions for opening and closure to aliow
refurtishment of internal components.

Supersonic expansion nozzies (MLIS)

Especially designed or prepared supersonic expansion nozzles for cooling mixtures ot UF,
and carrier gas to 150 K or less and which are corrosion resistant to UF,.

Uranium pentafiuoride product collectors (MLIS)

Especially designed or prepared uranum pentafiuoride (UF,) solid product collectors
consisting of filter, impact, or cyclone-type collectors, or combinations thereof, and which are
corrosion resistant to the UF/UF, environment.

UF /carrier gas compressors (MLIS)

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

Rotary sha#t seals (MLIS)

Especially designed or prepared rotary shaft seals, with seal feed and seal exhaust
connections, for sealing the shaft connecting the compressos 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 Jcarrier gas mixture.

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

EXPLANATORY NOTE

These systems as@ designed (o fluorinate the collected UF, powder o UF, for subsequent collection in product
containers or for ranster as feed to MLIS units for additional enrichment. In one approach, the fluorination reaction may
b accomplished within the isotope sepas/ation system 1o react and recover directly off the ‘product coliectors. In ancther
approach, the UF, powder may be removed/transtened from the ‘product collectors into @ suitable reaction vesse! (e.g.,
fluidized-bed reactor, screw reactor o- flame tower) for fluorination. in both approaches, equipment for storage and
transfer of fluonng (or other suitable flucrinating agents) and for collection and transfer of UF, are used.

UF, mass spectrometers/ion sources (MLIS)

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

1. Unit resolution for mass greater than 320;
2. lon sources constructed of or lined with nichrome or monel or nicke) plated;
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3. Electron bombardment ionization sources;
4. Collector system suitable for isotopic analysis.

Feed systems/product and tails withdrawal systems (MLIS)

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

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

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

(c) Solidification or liquefaction stations used to remove UF, from the enrichment process by
compressing and converting UF, to a liquid or solid form:;

(d) ‘Product’ or 1ails’ stations used for transterring UF, into containers.

UF /carrier gas separation systems (MLIS)

Especially designed or prepared process systems for separating UF, from carrier gas. The
carrier gas may be nitrogen, argon, or other gas.

EXPLANATORY NOTE

These systems may incorporate @quipment such as:

{a) Cryogenic heat exchangers or cryossparators capable of temperatures of -120 *C or less, or
{b)  Cryogenic refrigeration units capabie of temperatures of -120 °C or iess, or

(¢)  UF, cold traps capabie of temperatures of -20 °C or less.

Laser systems (AVLIS, MLIS and CRISLA) -

Lasers or laser systems especially designed or prepared for the separation of uranium
isotopes. .

EXPLANATORY NOTE

The lasers and laser componets of importance in laser-based envichment processes include those identified in item 3.6
ot INFCIRC/254/Rev.1/Part 2. The laser system for the AVLIS process usually consists of two lasers. & cCopper vapor
laser and a dye laser. The laser sysiem for MLIS usually consists of a CO, or excimer laser and 8 mult-pass optical cell
with revolving mirrors at both ends. Lasers or iaser systems for both processes require a specrum frequency stabilizer
for operation over extended penods of time.

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

INTRODUCTORY NOTE

in the plasma separation procass. a plasma of wanium ions passes through an electic fieid tuned to the U ion
resonance frequency so that hey preferentally absorb energy and incresse the diameter of their corkscrew-like orbits.
lons with a large-diameter path are trapped to produce a product enriched in 3%U. The plasma, which is made by
ionizing uranium vapor, is contained in 8 vacuum chamber with a high-stength magnetic fleld produced by a
superconducting magnet. The main technological systems of the process include the uranium plasma generation
system, the separator module with superconducting magnet (see ilem 3.10 of INFCIRC/254/Rev.1/Part 2), and metal
removal systems for the collection of ‘product and ‘tails’.
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Microwave power sources and antennae

Especially designed or prepared microwave power sources and antennae for producing or
accelerating ions and having the following characteristics: greater than 30 GHz frequency and
greater than 50 kW mean power output for ion production.

lon excitation colls

Especially designed or prepared radio frequency ion excitation coils for frequencies of more
than 100 kHz and capable of handling 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 strip or scanning electron beam guns with a delivered 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 molen uranium or uranium
alloys, consisting of crucibles and cooling equipment for the crucibles.

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with molten uranium or uranium alioys are made of
or protected by materials of Suitable corrosion and hest resistance. Suitable materials inciude tantalum, yttria-coated
graphite, graphite coawd with other rare sarth oxides (see INFCIRC/254/Rev. 1/Parn 2, item 2.7) or mixtres thereo!.

Uranium metal ‘product’ and 'tails’ collector agssemblies

Especially designed or prepared 'product’ and 'tails’ collector assemblies for uranium metal in
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 graphite or tantalum.

Separator module housings

Cylindrical vessels especially designad or prepared for use in plasma separation enrichment
plants for containing the uranium plasma source, radlo-fmquency drive coil and the ‘product’
and 'tails’ collectors.

EXPLANATORY NOTE

These housings have a muitiplicity of ports for electrical feed-twoughs, diffusion pump connections and instumentation
disgnostics and monitoring. They have provisions for opening and closure t0 aliow for refurbishment of intemal
components and are constructed of a suitable non-magnetic material such as stainiess steel.

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

INTRODUCTORY NOTE

In the electromagnetic process. uranium metal ions produced by ionization of & salt feed material (typically UCI ) are
acceierated and passed through 8 magnetic fisld that has the effect of causing the 1ons of different isotopes to foliow
different paths. The major components of an elecromagnetic isolope separaior inciude: a magnetic feid for ion-beam
OVersION/Separaton of e isOlopes. an ion SOUCe with its acceleration system, and a coliecton sysiem for the
separated ions. Auxiliary syslems for the process inciude the magnet power supply system, the ion source high-voltage
power supply system. the vacuum system, and extensive chemical handling systems for recovery of product and
cleaningrecyciing of components.
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Electromagnetic isotope separators

Electromagnetic 1sotope separators especially designed or prepared for the separation of
uranium isotopes, and equipment and components therefor, including:

(a) lon sources

Especially designed or prepared single or multiple uranium ion sources consisting of a vapor
source, ionizer. and beam accelerator, constructed of suitable materials such as graphite.
stainless steel. or copper, and capable of providing a total ion beam current of 50 mA or
greater.

(b) lon coliectors

Collector plates consisting of two or more slits and pockets especially designed or prepared
for collection of enriched and depleted uranium ion beams and constructed of suitable
materiais such as graphite or stainless steel.

(¢) Vacuum housings

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

EXPLANATORY NOTE

The housings are specially designed to contain the ion sources, coliector plates and water-cooled liners and have
provision for diffusion pump connections and opaning and closwe for removal and reinstallation of these components.

(d) Magqet 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
transter the magnetic field between adjoining separators.

High voltage power supplies

Especially designed or prepared high-voitage power supplies 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 voltage regulation of 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 characteristics: capable of continuously producing a cument output of 500 A or
greater at a voltage of 100 V or greater and with 3 current or voltage regulation better than
0.01% over a period of 8 hours.

Plants for the production of heavy water, deuterium and deuterium
compounds and equipment especially designed or prepared therefor
INTRODUCTORY NOTE

Heavy water can be produced by a vanety of processes. However, the two processes that have proven (0 be
commercially viable are the water-hydrogen suiphide exchange process (GS procass) and the ammonis-hydrogen
exchange process

The GS process is based upon the exchange of hydrogen and deulsnum between water and hydrogen sulphide within a
senes of towers which are operatad with the 10p secuon coid and the bomom section hot. Waler flows down the towers
while the hydrogen sulphida gas circulales from the bottom (o the top of the lowers. A senes of perforated trays ase used
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to promote mixing between the gas and the water. Deuterium mgrates o the water at low temperatures and to he
hydrogen suiphide at high temperatures. Gas of water. enriched in deutenum, IS removed from the first stage towers at
the junction of the hot and cold sections and the process IS repeated in subsequent stage towers. The product of the last
stage. water ennched up 10 30% in deutenum, s sent to a distiiation unil 10 ProduCe rAaclor Grade heavy wael: ie..
99 75% deuterium oxide.

The ammonia-hydrogen exchange process can extract deutenum from synthesis gas through contact with liqud
ammonmia in the presence of 3 catalyst The synthesis gas is fed into exchange towers and 10 an ammonia converter.
Inside the Lwers the gas tiows from the bottom 0 the top whiie the kquid ammonia tiows trom the top 1o the botom. The
deuternum 1S stripped from the hydrogen in the synthesis gas and concentrated in the ammonia. The ammonia then tlows
in10 an ammonia cracker at the botiom of the towar whie the gas tlows into an ammonia converter at the top. Further
ennchment takes place in SUbSEQqUENt SIAGEs and reactor grade heavy waer s produced through final distilabon. The
synthesis gas feed can be provided by an ammonia plant that. in tum, can be constructed in associaton with a heavy
waler ammonia-hydrogen exchange piant. The ammonia-hydrogen @xchange process can aiso use ordinary water as a
teed source of deuterrum.

Many of the key equipment items for heavy water production plants using GS or the ammonia-hydrogen exchange
processes are common 1o several segments of the chemical and petrolgum industries. This is particularly so for small
plants using the GS process. However, few of the items are avaiiabie “off-the-shell’. The GS and ammoniae-hydrogen
processes require the handling of large quantites of flammable, corrosive and toxic fluids al elevated pressures.
Accordingly, In establishing the dasing and operating standards for plants and equipavant using these processes. careful
attenton to the mateniais seiecton and specifications is required to ensure long service lite with high satety and rediability
tactors. The choice of scale is primarily a function of economics and need. Thus, most of the equipment itarms would be
prepared according to the requirements of the customer.

Finally, it should be noted that, in both the GS and the ammonia-hydrogen exchange processes, items of equipment
which individually are not especially designed or prepared for heavy water productior: can be assembled into sys.ems
which are especially designed or prepared for producing heavy water. The catalyst production system used in the
ammonia-hydrogen exchange process and water distilation systems used for the final concentration of heavy water 10
reactor-grade in either process are examples of such systems.

The items of equipment which are especially designed or prepared for the production of heavy water utilizing either he
water-hydrogen sulphide exchange process or the ammonia-hydrogen exchange process include the following:

Water - Hydrogen Sulphide Exchange Towers

Exchange towers fabricated from fine carbon steel (such as ASTM A516) with diameters of 6
m (20 ft) to 9 m (30 ft), capable of operating at pressures greater than or equal to 2 MPa (300
psi) and with a corrosion allowance of 6 mm or greater, especially designed or prepared for
heavy water production utilizing the water-hydrogen sulphide exchange process.

Blowers and Compressors

Single stage, low head (i.e., 0.2 MPa or 30 psi) centrifugal blowers or compressors for
hydrogen-sulphide gas circulation (i.e., gas containing more than 70% H,S) especially
designed or prepared for heavy water production utilizing the water-hydrogen sulphide
exchange process. These blowers or compressors have a throughput capacity greater than or
equal to 56 m*second (120,000 SCFM) while operating at pressures greater than or equal to
1.8 MPa (260 psi) suction and have seals designed for wet H,S service.

Ammonia-Hydrogen Exchange Towers

Ammonia-hydrogen exchange towers greater than or equal to 35 m (114.3 ft) in height with
diameters of 1.5 m (4.9 ft) to 2.5 m (8.2 ft) capable of operating at pressures greater than 15
MPa (2225 psi) especially designed or prepared for heavy water production utilizing the
ammonia-hydrogen exchange process. These towers also have at least one flanged, axial
opening of the same diameter as the cylindrical part through which the tower internals can be
inserted or withdrawn.

Tower internals and Stage Pumps

Tower internals and stage pumps especially designed or prepared for towers for heavy water
production utilizing the ammonia-hydrogen exchange process. Tower internals include
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especially designed stage contactors which promote intimate gas/liquid contact. Stage pumps
include especially designed submersible pumps for circuiation ot liquid ammonia within a
contacting stage internal to the stage towers.

Ammonia Crackers

Ammonia crackers with operating pressures greater than or equal to 3 MPa (450 psi)
especially designed or prepared for heavy water production utiizing the ammonia- hydrogen
exchange process.

infrared Absorption Analyzers

infrared absorption analyzers capable of "on-line” hydrogervdeuterium ratio analysis where
deuterium concentrations are equal to or greater than 90%.

Catalytic Burners

Catalytic burners for the conversion of enriched deutcriura gas into heavy water especially
designed or prepared for heavy water production utilizing the ammonia-hydrogen exchange
process.

Plants for the conversion of uranium and equipment especially
designed or prepared therefor

INTRODUCTORY NOTE

Uranium conversion plants and systems may perfonm one or more ransformations from one wanium chemical species
to another, including: conversion of uranium ore@ concentates o UO,, conversion of UO, 1o UO,, conversion of uranium
oxides 16 UF, or UF,, conversion of UF, 1o UF,, conversion of UF, 1o UF,, conversion of UF, 1o uranium metal, and
conversion of uranium fluorides to UO,. Many of the key equipment items for uranium conversion plants are common ©
several segments of the chemical process industy. For exampie, the types of equipment employed in these processes
may inciude: furnaces, rotary kiins, fluidized bed reactors, flame tower reectors, liquid centrifuges, distiliation columns
and liquid-liquid extraction columns. However, few of the ilems are available “off-the-sheit™; most would be prepared
accorging to the requirements and spocifiications of the customer. In some instances, special design and construction
considerations are required 10 address the corrosive propertes of some of the chemicals handied (HF, F,, CIF, and
uranmum fluonides). Finally, it should be noted hat, in all of the uranium conversion processes, items of aquipment which
individually are not especially designed or prepared for uranium conversion can be assembied into systems which are
especially designed or prepared for use in uranium conversion.

Especially designed or prepared systems for the conversion of uranium ore
concentrates to UO,

EXPLANATORY NOTE

Conversion of uranium ore concentrates to UO, can be periormed by first dissolving the ore in nitric acd and extracting
purified uranyl nirate using a solvent such as tributyl phosphats. Next. the uranyl nitrate is converted to UO, either by
concentaton and denraton or by neutralization with gaseous ammonia {0 produce ammonium divranate with
subsequent filtering, drying, and calcining.

Especially designed or prepared systems for the conversion of U0, to UF,
EXPLANATORY NOTE

Conversion of UOQ, fo UF, can be performed direclly by fluonnaton. The process requires a source of fluorine gas or
chiorine trifluoride.
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Especially designed or prepared systems for the conversion of UO, to UO,

EXPLANATORY NOTE
Conversion of UQ, to UO, can be pertormed through reduction of UO, with cracked ammonia gas or hydrogen.

Especially designed or prepared systems for the conversion of UO, to UF,

EXPLANATORY NOTE
Conversion of UO, to UF. can be performed by reacting UO, with hydrogen fluoride gas (HF) at 300-500 *C.

Especially designed or prepared systems for the conversion of UF, 1o UF,

EXPLANATORY NOTE

Conversion of UF, to UF_ is performed by exothermic reaction with fluoring in a tower reactor. UF is condensed from
the hot effluent gases by passing the effuent steam through a cold trap cooled to -10 °C. The process requires a
source of fluonne gas.

Especially designed or prepared systems for the conversion of UF, to U metal

EXPLANATORY NOTE

Convarsion of UF, 1o U metal is performed by reduction with magnesium (large batches) or calcium (small batches). The
reacion is carried out at temperatures above the meiting point of uranium (1130 *°C).

Especially designed or prepared systems for the conversion of UF, to UO,

EXPLANATORY NOTE

Conversion of UF, to UO, can be performed by one of three processes. In the first, UF, is reduced and hydrolyzed ©
UQ, using hydrogen and steam. in the second, UF, is hydrolyzed by solution in water, ammonia is added to precipitate
ammonium diuranate, and the diuranate is reduced to UO, with hydrogen at 820°C. In the third process, gaseous UF,,
CO,, and NH, are combined in water, precipitating ammonium uranyl carbona®. The ammenium urany! carbonate is
combined with steam and hydrogen at 500-800°C to yield UO,. ,

UF, 1o UO, conversion is often performed as the first stage of a fusl fabrication plant.
Especially desig-ed or prepared systems for the conversion of UF, to UF,

EXPLANATORY NOTE
Conversion of UF, to UF, is performed by reduction with hydrogen.
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