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SUMMARY

I. Project Title

A Study on the cooperation policy in multilateral nuclear control

regimes and on the advancing of national export control system.

II. Objective and Importance of the Project

The objective of this study 1s to analyze and foresee international trends
related to nuclear non—proliferation systems and to suggest desirable policy
directions so as to mitigate hurdles that may hinder the promotion of
utilization and development of nuclear energy in Korea and strengthening

international nuclear cooperation.

III. Contents and Scope of the Study

This study analyzed the trends of the multilateral nuclear control in the

following four aspects.

First, this study analyzed the past trends of the international nuclear
non-proliferation regime, which includes the NPT, the TAEA safeguards
system, the international nuclear export control regime, and the physical
protection of nuclear materials.

Second, this study established the multilateral cooperation strategies for
the effective cooperation in the process of strengthening the nuclear control
regimes.

Third, this study reviewed the major agenda of nuclear control regimes

and established national positions on each agenda.



Fourth, this study also analyzed outstanding issues in nuclear control

regimes and derived some factors to reflect national nuclear control system.

IV. Results and Proposals for Application.

Ilicit trafficking of A.Q.Khan’'s network triggered the strengthening of
international nuclear control systems. In result, the parties or participating
states of the non-proliferation regimes such as the NPT preparatory
committee and NSG meetings consider measures which could strengthen

the conditions of supply of nuclear items.

This study also established the multilateral cooperation strategies for the
effective cooperation in the process of strengthening the nuclear control
regimes. In this respect, the priority should be given to handling the
important agenda in the process of strengthening the nuclear control
system.

This study reviewed the major agenda of nuclear control regimes and
established national positions on each agenda especially for strengthening
conditions of nuclear supply.

Finally, this study analyzed outstanding issues in nuclear control regimes

and recommended some factors to reflect national nuclear control system.
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ANNEX A
TRIGGER LIST REFERRED TO IN GUIDELINES

MATERIAL AND EQUIPMENT

1. Source and special fissionable material

As defined in Article XX of the Statute of the International Atomic Energy Agency:

1.1. "Source material”

The term "source material’” means uranium containing the mixture of isotopes
occurring in nature; uranium depleted in the isotope 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 Governors shall from time to time determine; and such other material as
the Board of Governors shall from time to time determine.

1.2. "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.

iil) The term "uranium enriched in the isotopes 235 or 233" means uranium
containing the isotopes 235 or 233 or both in an amount such that the
abundance ratio of the sum of these isotopes to the isotope 238 is greater
than the ratio of the isotope 235 to the isotope 238 occurring in nature.
However, for the purposes of the Guidelines, 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:

(a) 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 i1s 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.

2. Equipment and Non—nuclear Materials

2.1.

2.2.
2.3.

2.4.

2.0.

2.6.

2.7.

Nuclear reactors and especially designed or prepared equipment and

components therefor (see Annex B, section 1.);
Non-nuclear materials for reactors (see Annex B, section 2.);

Plants for the reprocessing of irradiated fuel elements, and equipment

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

Plants for the fabrication of nuclear reactor fuel elements, and equipment

especially designed or prepared therefor (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 or concentration 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 plutonium for use in the
fabrication of fuel elements and the separation of uranium isotopes as
defined in sections 4 and 5 respectively, and equipment especially designed

or prepared therefor (See Annex B, section 7.).



ANNEX B
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(as designated in Section 2 of MATERIAL AND EQUIPMENT of Annex A)

1. Nuclear reactors and especially designed or prepared equipment and

components therefor

1.1. Complete nuclear reactors

1.2. Nuclear reactor vessels

1.3. Nuclear reactor fuel charging and discharging machines
1.4. Nuclear reactor control rods and equipment

1.5. Nuclear reactor pressure tubes

1.6. Zirconium tubes

1.7. Primary coolant pumps

1.8. Nuclear reactor internals

1.9. Heat exchangers

1.10. Neutron detection and measuring instruments

2. Non—nuclear materials for reactors

2.1. Deuterium and heavy water

2.2. Nuclear grade graphite

3. Plants for the reprocessing of irradiated fuel elements, and equipment

especially designed or prepared therefor

3.1. Irradiated fuel element chopping machines
3.2. Dissolvers
3.3. Solvent extractors and solvent extraction equipment

3.4. Chemical holding or storage vessels



(a) The pure uranium nitrate solution is concentrated by evaporation and
passed to a denitration process where it is converted to uranium oxide.

This oxide is re-used in the nuclear fuel cycle.

(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.

(¢) The pure plutonium nitrate solution is concentrated and stored pending
its transfer to further process steps. In particular, holding or storage
vessels for plutonium solutions are designed to avoid criticality problems

resulting from changes in concentration and form of this stream.
(1) walls or internal structures with a boron equivalent of at least two per cent, or
(2) a maximum diameter of 175 mm (7 in) for cylindrical vessels, or

(3) a maximum width of 75 mm (3 in) for either a slab or annular vessel.

4. Plants for the fabrication of nuclear reactor fuel elements, and equipment

especially designed or prepared therefor

a. normally comes in direct contact with, or directly processes, or controls,

the production flow of nuclear material;
b. seals the nuclear material within the cladding;
c. checks the integrity of the cladding or the seal; or
d. checks the finish treatment of the sealed fuel.

1) fully automatic pellet inspection stations especially designed or prepared

for checking final dimensions and surface defects of the fuel pellets;

2) automatic welding machines especially designed or prepared for

welding end caps onto the fuel pins (or rods);

3) automatic test and inspection stations especially designed or

prepared for checking the integrity of completed fuel pins (or rods).

5. Plants for the separation of isotopes of uranium and equipment, other than

analytical instruments, especially designed or prepared therefor

5.1. Gas centrifuges and assemblies and components especially designed or prepared



for use in gas centrifuges
5.1.1. Rotating components
(a) Complete rotor assemblies:
(b) Rotor tubes:
(c) Rings or Bellows:
(d) Baffles:
(e) Top caps/Bottom caps:
5.1.2. Static components
(a) Magnetic suspension bearings:
(b) Bearings/Dampers:
(c) Molecular pumps:
(d) Motor stators:
(e) Centrifuge housing/recipients:
(f) Scoops:
5.2. Especially designed or prepared auxiliary systems, equipment and components

for gas centrifuge enrichment plants
5.2.1. Feed systems/product and tails withdrawal systems
5.2.2. Machine header piping systems
5.2.3. UF6 mass spectrometers/ion sources
1. Unit resolution for atomic mass unit greater than 320;
2. Ton 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.
5.2.4. Frequency changers
1. A multiphase 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%.
5.3. Especially designed or prepared assemblies and components for use in gaseous
diffusion enrichment
5.3.1. 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 of 25 mm (1 in) or less, made of metallic, polymer or ceramic materials



resistant to corrosion by UFb, and

(b) especially prepared compounds or powders for the manufacture of such
filters. Such compounds and powders include nickel or alloys containing 60
per cent or more nickel, aluminium oxide, or UF6-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 particle size uniformity, which are
especially prepared for the manufacture of gaseous diffusion barriers.

5.3.2. Diffuser housings

5.3.3. Compressors and gas blowers

5.3.4. Rotary shaft seals

5.3.5. Heat exchangers for cooling UF6

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

5.4.1. Feed systems/product and tails withdrawal systems

5.4.2. Header piping systems

5.4.3. Vacuum systems

(a) Especially designed or prepared large vacuum manifolds, vacuum headers and

vacuum pumps having a suction capacity of 5 m3/min (175 ft3/min) or more.

(b) Vacuum pumps especially designed for service in UF6-bearing atmospheres
made of, or lined with, aluminium, nickel, or alloys bearing more than 609
nickel. These pumps may be either rotary or positive, may have displacement

and fluorocarbon seals, and may have special working fluids present.
5.4.4. Special shut-off and control valves
5.4.5. UF6 mass spectrometers/ion sources
1. Unit resolution for atomic mass unit greater than 320;
2. Ton sources constructed of or lined with nichrome or monel or nickel plated;
3. Electron bombardment ionization sources;
4. Collector system suitable for isotopic analysis.

5.5. Especially designed or prepared systems, equipment and components for use

in aerodynamic enrichment plants
5.5.1. Separation nozzles
5.5.2. Vortex tubes
5.5.3. Compressors and gas blowers
5.5.4. Rotary shaft seals

5.5.5. Heat exchangers for gas cooling



5.5.6. Separation element housings
5.5.7. Feed systems/product and tails withdrawal systems

(a) Feed autoclaves, ovens, or systems used for passing UF6 to the enrichment

process;

(b) Desublimers (or cold traps) used to remove UF6 from the enrichment process

for subsequent transfer upon heating;

(c) Solidification or liquefaction stations used to remove UF6 from the enrichment

process by compressing and converting UF6 to a liquid or solid form;
(d) 'Product’ or ’tails’ stations used for transferring UF6 into containers.
5.5.8. Header piping systems
55.9. Vacuum systems and pumps

(a) Especially designed or prepared vacuum systems having a suction capacity of
5 m3/min or more, consisting of vacuum manifolds, vacuum headers and

vacuum pumps, and designed for service in UF6-bearing atmospheres,

(b) Vacuum pumps especially designed or prepared for service in UF6-bearing
atmospheres and made of or protected by materials resistant to corrosion by

UF6. These pumps may use fluorocarbon seals and special working fluids.

5.5.10. Special shut-off and control valves
5.5.11. UF6 mass spectrometers/Ion sources

1. Unit resolution for mass greater than 320;

2. Ton sources constructed of or lined with nichrome or monel or nickel plated;

3. Electron bombardment ionization sources;

4. Collector system suitable for isotopic analysis.
5.5.12. UF6/carrier gas separation systems

(a) Cryogenic heat exchangers and cryoseparators capable of temperatures of —120

°C or less, or
(b) Cryogenic refrigeration units capable of temperatures of -120 °C or less, or

(c) Separation nozzle or vortex tube units for the separation of UF6 from

carrier gas, or
(d) UF6 cold traps capable of temperatures of -20 °C or less.

5.6. Especially designed or prepared systems, equipment and components for

use in chemical exchange or ion exchange enrichment plants.
5.6.1. Liquid-liquid exchange columns (Chemical exchange)

5.6.2. Liquid-liquid centrifugal contactors (Chemical exchange)



5.6.3. 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.

(b) Especially designed or prepared systems at the product end of the cascade for
taking the U+4 out of the organic stream, adjusting the acid concentration and
feeding to the electrochemical reduction cells.

5.6.4. Feed preparation systems (Chemical exchange)
5.6.5. Uranium oxidation systems (Chemical exchange)

(a) Equipment for contacting chlorine and oxygen with the aqueous effluent
from the isotope separation equipment and extracting the resultant U+4 into

the stripped organic stream returning from the product end of the cascade,

(b) Equipment that separates water from hydrochloric acid so that the water
and the concentrated hydrochloric acid may be reintroduced to the process

at the proper locations.
5.6.6. Fast-reacting ion exchange resins/adsorbents (Ion exchange)
5.6.7. Ion exchange columns (Ion exchange)
5.6.8. 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) Especially designed or prepared chemical or electrochemical oxidation systems
for regeneration of the chemical oxidizing agent(s) used in ion exchange

uranium enrichment cascades.

5.7. Especially designed or prepared systems, equipment and components for

use in laser—based enrichment
5.7.1. Uranium vaporization systems (AVLIS)
5.7.2. Liquid uranium metal handling systems (AVLIS)
5.7.3. Uranium metal 'product’ and ’tails’ collector assemblies (AVLIS)
5.7.4. Separator module housings (AVLIS)
5.7.5. Supersonic expansion nozzles (MLIS)
5.7.6. Uranium pentafluoride product collectors (MLIS)
5.7.7. UF6/carrier gas compressors (MLIS)
5.7.8. Rotary shaft seals (MLIS)



5.7.9. Fluorination systems (MLIS)
5.7.10. UF6 mass spectrometers/ion sources (MLIS)
1. Unit resolution for mass greater than 320;
2. Ton sources constructed of or lined with nichrome or monel or nickel plated;
3. Electron bombardment ionization sources;
4. Collector system suitable for isotopic analysis.
5.7.11. Feed systems/product and tails withdrawal systems (MLIS)

(a) Feed autoclaves, ovens, or systems used for passing UF6 to the enrichment

process;

(b) Desublimers (or cold traps) used to remove UF6 from the enrichment process

for subsequent transfer upon heating;

(c) Solidification or liquefaction stations used to remove UF6 from the enrichment

process by compressing and converting UF6 to a liquid or solid form;
(d) 'Product’ or 'tails’ stations used for transferring UF6 into containers.
5.7.12. UF6/carrier gas separation systems (MLIS)

(a) Cryogenic heat exchangers or cryoseparators capable of temperatures of

-120 °C or less, or
(b) Cryogenic refrigeration units capable of temperatures of -120 °C or less, or
(c) UF6 cold traps capable of temperatures of -20 °C or less.
5.7.13. Laser systems (AVLIS, MLIS and CRISLA)

5.8. Especially designed or prepared systems, equipment and components for

use in plasma separation enrichment plants.
5.8.1. Microwave power sources and antennae
59.8.2. Ion excitation coils
5.8.3. Uranium plasma generation systems
5.84. Liquid uranium metal handling systems
5.8.5. Uranium metal 'product’ and 'tails’ collector assemblies
5.8.6. Separator module housings

5.9. Especially designed or prepared systems, equipment and components for

use in electromagnetic enrichment plants.
5.9.1. Electromagnetic isotope separators

(a) Ton sources

(b) Ton collectors

(c) Vacuum housings



(d) Magnet pole pieces

5.9.2. High voltage power supplies

5.9.3. Magnet power supplies

6. Plants for the production or concentration of heavy water, deuterium and

deuterium compounds and equipment especially designed or prepared therefor

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.
6.7.
6.8.

Water - Hydrogen Sulphide Exchange Towers
Blowers and Compressors

Ammonia-Hydrogen Exchange Towers

Tower Internals and Stage Pumps

Ammonia Crackers

Infrared Absorption Analyzers

Catalytic Burners

Complete heavy water upgrade systems or columns therefor

7. Plants for the conversion of uranium and plutonium for use in the fabrication

of fuel elements and the separation of uranium isotopes as defined in sections

4 and 5 respectively, and equipment especially designed or prepared therefor

7.1.

Plants for the conversion of uranium and equipment especially designed or

prepared therefor

7.1.1. Especially designed or prepared systems for the conversion of uranium

ore concentrates to UO3

7.1.2. Especially designed or prepared systems for the conversion of UO3 to UF6

7.1.3. Especially designed or prepared systems for the conversion of UO3 to UO2

7.1.4. Especially designed or prepared systems for the conversion of UO2 to UF4

7.1.5. Especially designed or prepared systems for the conversion of UF4 to UF6

7.1.6. Especially designed or prepared systems for the conversion of UF4 to U metal

7.1.7. Especially designed or prepared systems for the conversion of UF6 to UO2

7.1.8. Especially designed or prepared systems for the conversion of UF6 to UF4

7.1.9. Especially designed or prepared systems for the conversion of UOZ2 to UCl4



7.2. Plants for the conversion of plutonium and equipment especially designed

or prepared therefor
7.2.1. Especially designed or prepared systems for the conversion of plutonium

7.2.2. Especially designed or prepared systems for plutonium metal production



(ae

=



B2 B NSG Part II EA=E
(INFCIRC/254/Rev.5/Part 2014 23))



(ae

=



INFCIRC/254/Rev.5/Part 2
May 2003

1. INDUSTRIAL EQUIPMENT

1.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS
1.A.1. High—density radiation shielding windows

1.A.2. Radiation—hardened TV cameras, or lenses therefor
1.A.3. Robots, end-effectors’ and control units

1.A.4. Remote manipulators

1.B. TEST AND PRODUCTION EQUIPMENT

1.B.1. Flow—forming machines, spin—-forming machines capable of flowforming

functions, and mandrels

1.B.2. Machine tools

1.B.3. Dimensional inspection machines, instruments, or systems

1.B.4. Controlled atmosphere induction furnaces, and power supplies therefor
1.B.5. Isostatic presses, and related equipment

1.B.6. Vibration test systems, equipment, and components

1.B.7. Vacuum or other controlled atmosphere metallurgical melting and casting

furnaces and related equipment

1.C. MATERIALS 1 - 9

1.D. SOFTWARE 1 - 9

1.E. TECHNOLOGY 1 - 9

2. MATERIALS
2.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS

2.A.1. Crucibles made of materials resistant to liquid actinide metals

2.A.2. Platinized catalysts



2.A.3. Composite structures in the forms of tubes

2.B. TEST AND PRODUCTION EQUIPMENT
2.B.1. Tritium facilities or plants, and equipment therefor

2.B.2. Lithium isotope separation facilities or plants, and equipment therefor

2.C. MATERIALS

2.C.1. Aluminium

2.C.2. Beryllium

2.C.3. Bismuth

2.C.4. Boron

2.C.5. Calcium

2.C.6. Chlorine trifluoride

2.C.7. Fibrous or filamentary materials, and prepregs
2.C.8. Hafnium

2.C.9. Lithium

2.C.10. Magnesium

2.C.11. Maraging steel

2.C.12. Radium-226

2.C.13. Titanium

2.C.14. Tungsten

2.C.15. Zirconium

2.C.16. Nickel powder and porous nickel metal
2.C.17. Tritium

2.C.18. Helium-3

2.C.19. Alpha-emitting radionuclides

2.D. SOFTWARE

2.E. TECHNOLOGY
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3. URANIUM ISOTOPE SEPARATION EQUIPMENT AND COMPONENTS
(Other Than Trigger List Items)

3.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS
3.A.1. Frequency changers or generators

3.A.2. Lasers, laser amplifiers and oscillators

3.A.3. Valves

3.A.4. Superconducting solenoidal electromagnets

3.A.5. High-power direct current power supplies

3.A.6. High-voltage direct current power supplies

3.A.7. Pressure transducers

3.A.8. Vacuum pumps

3.B. TEST AND PRODUCTION EQUIPMENT
3.B.1. Electrolytic cells for fluorine production

3.B.2. Rotor fabrication or assembly equipment, rotor straightening equipment,

bellows—forming mandrels and dies

3.B.3. Centrifugal multiplane balancing machines

3.B.4. Filament winding machines and related equipment

3.B.5. Electromagnetic isotope separators

3.B.6. Mass spectrometers

3.C. MATERIALS

3.D. SOFTWARE

3.E. TECHNOLOGY

4. HEAVY WATER PRODUCTION PLANT RELATED EQUIPMENT

(Other Than Trigger List Items)

4.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS
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4.A.1. Specialized packings
4.A.2. Pumps

4. A.3. Turboexpanders or turboexpander-compressor sets

4.B. TEST AND PRODUCTION EQUIPMENT
4.B.1. Water-hydrogen sulfide exchange tray columns and internal contactors
4.B.2. Hydrogen—cryogenic distillation columns

4.B.3. Ammonia synthesis converters or synthesis units

4.C. MATERIALS

4.D. SOFTWARE

4E. TECHNOLOGY 4 - 2

5. TEST AND MEASUREMENT EQUIPMENT FOR THE DEVELOPMENT
OF NUCLEAR EXPLOSIVE DEVICES

5.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS
5.A.1. Photomultiplier tubes

5.B. TEST AND PRODUCTION EQUIPMENT

5.B.1. Flash X-ray generators or pulsed electron accelerators

5.B.2. Multistage light gas guns or other high-velocity gun systems

5.B.3. Mechanical rotating mirror cameras

5.B.4. Electronic streak cameras, electronic framing cameras, tubes and devices
5.B.5. Specialized instrumentation for hydrodynamic experiments

5.B.6. High—-speed pulse generators
5.C. MATERIALS

5.D. SOFTWARE
5.E. TECHNOLOGY
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6. COMPONENTS FOR NUCLEAR EXPLOSIVE DEVICES

6.A. EQUIPMENT, ASSEMBLIES AND COMPONENTS
6.A.1. Detonators and multipoint initiation systems

6.A.2. Firing sets and equivalent high—current pulse generators
6.A.3. Switching devices

6.A.4. Pulse discharge capacitors

6.A.5. Neutron generator systems

6.B. TEST AND PRODUCTION EQUIPMENT

6.C. MATERIALS

6.C.1. High explosive substances or mixtures

6.D. SOFTWARE

6.E. TECHNOLOGY
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