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I. INTRODUCTION
1. At its second session, held from 17 to 21 January 1994, the Preparatory

Committee for the 1995 Review and Extension Conference of the Parties to the
Treaty on the Non-Proliferation of Nuclear Weapons (NPT) invited the
Secretary-General of the United Nations to prepare for the Committee at its
third session, to be held from 12 to 16 September 1994, a number of background
papers regarding the implementation of various articles of the Treaty (General
Assembly resolution 2373 (XXII), annex). Pursuant to that request, the United
Nations Secretariat submitted those background papers to the Preparatory
Committee at its third session. In reviewing the papers, the States parties
expressed general appreciation for the work done and requested the Secretariat
to update and revise, as appropriate, the background papers, taking into account
various specific observations and suggestions made on that occasion. 1In that
connection, the Secretariat was specifically requested to cover also the issue
of export control regimes, which had not been dealt with in the pertinent
background papers as initially submitted.

2. In the course of the fourth session of the Preparatory Committee, the
Secretariat informed the States parties of its intention, in the context of
updating and revising the background papers, to provide them also with factual
information on export-control regimes as part II of the background paper dealing
with article III of the Treaty. At its meeting on 27 January 1995, the
Committee took note of that information. The present paper is submitted
accordingly.

II. BACKGROUND
A. Generxal

3. The regulation of nuclear exports became an issue of international concern
with the beginning of the nuclear era itself. Over the years, various ideas
have been expressed and specific proposals advanced with the objective of
promoting international cooperation in the broad field of peaceful uses of
nuclear energy for the benefit of all States, while at the same time preventing
nuclear proliferation. Over that period, policies on nuclear exports were
elaborated in various national and international contexts. 1In the 1960s,
congideration of the issue received additional impetus from growing expectations
of the benefits of nuclear energy and was also given greater urgency by the
apprehensions about the potential proliferation of nuclear-weapon technology.
These two aspects - peaceful benefits and the threat of nuclear proliferation -
prompted the international community, irrespective of the pclitical and
ideological differences that existed in international relations at the time, to
try to develop a common approach.

4. The Treaty on the Non-Proliferation of Nuclear Weapons of 1968 represented
the first successful global multilateral effort to lay down basic rules
regarding nuclear exports, facilitating their peaceful application while
precluding their diversion to nuclear explosive uses. Article IV, paragraph 1,
of the Treaty made clear that it did not affect the inalienable right of its
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parties to develop research, production and use of nuclear energy for peaceful
purposes without discrimination and in conformity with articles I and II. 1/
Paragraph 2 further committed the parties to facilitate, and granted them the
right to participate in, the fullest possible exchange of equipment, materials
and scientific and technological information for such purposes. The Treaty also
commits parties in a position to do so to cooperate in further development of
nuclear energy for peaceful purposes, especially in the territories of the
non-nuclear-weapon States parties to the Treaty and with due consideration for
the needs of the developing areas of the world. 2/

5. In that connection, article I of the Treaty requires nuclear-weapon States
not "in any way to assist, encourage, or induce any non-nuclear-weapon State to
manufacture or otherwise acquire nuclear weapons or other nuclear explosive
devices". 1In addition, paragraph 1 of article III spells out the safeguards
requirements that non-nuclear-weapon States parties must meet to benefit from
the peaceful uses of nuclear energy. Each such State wishing to benefit from
the peaceful uses undertakes to accept the safeguards of the International
Atomic Energy Agency (IAEA) "for the exclusive purpose of verification of the
fulfilment of its obligations assumed under this Treaty" 3/ (see
NPT/CONF.1995/7/Part I).

6. Paragraph 2 of article III, however, stipulates specific obligations of all
States parties, both nuclear and non-nuclear-weapon States "not to provide:

(a) source or special fissionable material, or (b) equipment or material
especially designed or prepared for the processing, use or production of special
fissionable material, to any non-nuclear-weapon State for peaceful purposes,
unless the source or special fissionable material shall be subject to the
safeguards required by this article". 4/

7. The Treaty did not, however, provide a definition of what was meant by the
terms "source or special fissionable material" or "equipment or material
especially designed or prepared for the processing, use or production of special
fissionable material". Clarifications of these terms was pursued by an informal
group of nuclear suppliers shortly after the Treaty entered into force in 1970.
The interpretations and specifications that resulted from that effort were first
published in 1974 and are commonly referred to as the "Zangger Guidelines®
(after the first Chairman of the Group, Mr. Claude Zangger). Subsequently
another group, open also to non-party suppliers, published additional guidelines
in 1978.

8. Some of the export guidelines subsequently led to differences in position
between various developing recipient States and suppliers. One criticism
expressed by developing recipient States was related to the manner in which
suppliers handled the matter. Developing States argued that those matters
should not be considered in informal groups outside the framework of the
mechanism of the Treaty itself nor, more importantly, without their involvement
in working out the export guidelines. For their part, the supplier countries,
who on the whole were also major recipients, have maintained that the main
purpose of their policies was to give all States confidence that nuclear
cooperation would take place in a manner consistent with the Treaty’s principles
by (a) facilitating such cooperation, and (b) enhancing global and regional
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stability by assuring, through adequate safeguards, that supplies would be used
only for peaceful purposes.

B. NPT Exporters’ Committee (Zangger Committee)

9. Following the entry into force of the Treaty, in 1970, a group of States
began holding informal and, at the time, confidential meetings at Vienna to
discuss how to implement their obligations under article III, paragraph 2. The
group met under the formal name of the "NPT Exporters’ Committee", but became
better known as the "Zangger Committee". The group decided that its status
should be informal and that its decisions would not be legally binding upon its
members but would serve as a basis for harmonized national policies. As
suppliers or potential suppliers of nuclear material and equipment, the States
members of the Committee set as their obhjective to reach a common understanding
regarding the definition of items listed under article III, paragraph 2 (a) and
(b), and the conditions and procedures that would govern the export of such
items. One guiding principle of the Committee was that the regulations to be
applied should not disturb fair international commercial competition and that
each item on its list should meet the criterion of the Treaty, namely, be
"especially designed or prepared for the processing, use or production of
nuclear material".

10. After a series of meetings held between March 1971 and August 1974, the
Committee reached consensus on basic understandings that were described in two
separate memoranda. The export of items included in these memoranda triggers a
request by the supplier that the conditions of supply set ocut in those memoranda
should apply. Those conditions are designed to ensure that items on the
"trigger list" cannot be exported or re-exported to a non-nuclear-weapon State
not party to the NPT unless they are covered by a ncn-explosive-use assurance,
IAEA safeguards and re-export provisions, that is, such recipients of an
exported item are not to re-export it without requiring the same conditions.
The trigger list was accompanied by an annex, which provided more detailed
clarifications and definitions of the items contained in memorandum B.

11. Those documents were made public on 14 August 1974. The understandings
were formally accepted by individual members of the Committee by an exchange of
notes among themselves, which committed them to give effect to the
understandings through respective domestic export-control legislation. In
parallel with that procedure, most members wrote identical letters to the
Director General of IAEA informing him of their decision to act in conformity
with the conditions set out in the understandings. The content of the letters
was communicated to all States members of the Agency on 3 September 1974 and
issued as IAEA document INFCIRC/209 (see annex I).

12. Memorandum A dealt with the export of commodities described in article III,
paragraph 2 (a), of the NPT (source or special fissionable material). It states
that the definition of that term will be that contained in article XX of the
IAEA statute. Memorandum B covered export of commodities referred to in

article III, paragraph 2 (b) (equipment or material especially designed or
prepared for the processing, use or production of special fissionable material) .
As published in 1974, it defines plants, equipment and material in the following

/...
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categories: reactors and equipment therefor; non-nuclear materials for
reactors; plants for the reprocessing of irradiated fuel elements and equipment
especially designed or prepared therefor; plants for the fabrication of fuel
elements; and equipment, other than analytical instruments, especially designed
or prepared for the separation of isotopes of uranium.

13. At the time the trigger list was first agreed upon, the supplier States
considered that limiting the application of safeguards to entire facilities in
the nuclear-fuel cycle would be sufficient to hinder any diversion from
legitimate uses of nuclear technology. With further rapid technological
advances in the field, the members of the Committee felt, however, that it was
necessary to make adjustments accordingly. Consequently, in subsequent years,
both the memoranda and their annex were regularly reviewed by the Committee and
clarified in order to take into account technological developments and to add
greater precision and clarity to items on the list to be controlled. Those
reviews and consequential clarifications were conducted on the basis of
consensus, using the same procedure followed in the adoption of the original
understandings. In the period up to the 1990 NPT Review Conference, the
following clarifications had been made, all of which were published as
modifications of the original document (INFCIRC/209):

(a) In December 1978, memorandum B was amended to include new headings,
"plants for the production of heavy water, deuterium and deuterium compounds and
equipment especially designed or prepared therefor", and to alter the section
already in it on zirconium tubes (INFCIRC/209/Mod.l). The inclusion of the
first item was prompted by the London Group (see para. 18) on the grounds that
since the export of heavy water was already covered by the trigger list, it was
only logical that plants for the production of that material should be subject
to safeguards as well;

(b) In February 1984, additions concerning gas centrifuge enrichment
equipment were made to the annex to the trigger list in order to clarify the
items covered by the list heading in Memorandum B on "Equipment, other than
analytical instruments, especially designed or prepared for the separation of
isotopes" (INFCIRC/209/Mod.2), a technological development that had taken place
in the course of the preceding decade.

(c) In August 1985, additions concerning fuel-reprocessing plants were
made to the annex in order to clarify the item covered by the trigger list
heading in memorandum B, "Plants for the reprocessing of irradiated fuel
elements, and equipment especially designed or prepared therefor"
(INFCIRC/209/Mod.3) ;

(d) In February 1990, additions concerning gaseous diffusion enrichment
equipment were made in order to clarify the items covered by the trigger list
heading in memorandum B, on "Equipment, other than analytical instruments,
especially designed or prepared for the separation of isotopes"”
(INFCIRC/209/Mod.4) .

14. Unlike non-nuclear-weapon States parties to the NPT, which under
article II, have already renounced nuclear weapons or other nuclear explosive
devices, and under Article III, paragraph 1, have accepted safeguards on all
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their peaceful nuclear activities, and under Article III, paragraph 2, have
accepted the obligation not to export the itéms specified therein without
requiring safeguards on them, States not-parties to the NPT were not under such
an obligation. The Committee therefore included, among the understandings
governing their exports to non-nuclear-weapon States not party to the Treaty,
the following basic conditions of supply:

(a) Source or special fissionable material, either directly transferred or
produced, processed or used in the facility for which the transferred item is
intended, shall not be diverted to nuclear weapons or other nuclear explosive
devices;

(b) Source or special fissiocnable material, as well as equipment and
non-nuclear material, shall be exported only to a non-nuclear-weapon State not
party to the Treaty if subject to safeguards under an agreement with IAEA;

(c) Source or special fissionable material, as well as equipment and
non-nuclear material, shall not be re-exported to a non-nuclear-weapon State not
party to the Treaty unless the recipient State accepts safeguards on the
re-exported item.

C. The London Group

15. Following India’'s detonation of a nuclear device in 1974, several major
supplier States decided to undertake a new review of the guidelines regulating
nuclear exports. Their objective was to ensure that the controls of major
suppliers, even if not parties to the NPT, were harmonized and to improve
non-proliferation controls, particularly with respect to transfers to States not
parties to the Treaty. The Group, because of the venue of its meetings, became
initially known as the "London Group".

16. By 1978, following a series of meetings, the Group had reached agreement on
a set of guidelines regarding export of items related to peaceful uses of
nuclear energy. In the process, the Group was further expanded.

17. These original "London Guidelines" were published by IAEA in February 1978
(INFCIRC/254) upon request of the Group. The guidelines, by and large,
incorporated the work of the Zangger Committee, but in some respects went beyond
it in several areas. Thus, as regards the conditions of supply, besides the
three formulated by the Zangger Committee - non-explosive use assurance,
safeguards, transfer approval rights (see para. 14) - the London Guidelines
identified two more criteria to be met by a recipient State: (a) to apply
physical protection measures on nuclear material on the basis of the
recommendations in IAEA document INFCIRC/225; and (b) to accept that any
facility that was built on the basis of the know-how of certain supplied
technology (the "know-how" clause) would be put under safeguards.

18. The items subject to the conditions of supply set out in the guidelines
were those previously identified by the work of the Zangger Committee, but with
the addition of one new item tc the trigger list ("Plants for the production of
heavy water, deuterium, and deuterium compounds and equipment especially
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designed therefor") and a clarification of the items covered by trigger list
heading "Equipment, other than analytical instruments, especially designed or
prepared for the separation of isotopes" ("separation plant equipment") (see
para. 13 above).

19. Finally, the guidelines introduced some entirely new requirements with
respect to sensitive facilities, technology and weapons-usable materials. These
essentially required suppliers to exercise special care in the export of such
items, for example reprocessing and isotope separation facilities.

20. Following the publication of the London Guidelines in February 1978, the
Group did not meet until after the 1990 Review Conference. Its members felt
that they would not at that stage be able to add much to what had already been
accomplished and which could not be done within the framework of the Zangger
Committee, whose members continued to meet regularly in order to review its
trigger list and to clarify it as necessary.

D. Review Conferences, the Zangger Committee and
the London Group

21. The four Review Conferences held up to 1990 dealt in one way or the other
with the work of the Zangger Committee and the London Group. The attitude
towards the two was markedly different, however. This followed the perception,
held largely by the developing countries, that the Zangger trigger list
clarified the conditions of supply established by the NPT, while the London
Guidelines went beyond the legal framework of Article III, paragraph 2. This
became even more the case when the re-established Nuclear Suppliers Group in
1991 introduced a second area of nuclear items to be subject to export controls,
the "nuclear-related dual-use items", an area which in the opinion of the
developing countries was not properly defined.

22. As regards the Zangger Committee, the first three conferences recognized
and, in fact, endorsed its work, without explicitly referring to the Zangger
Committee. Thus, the Final Declaration of the first Review Conference in 1975,
adopted by consensus, contained the following language: 5/
"With regard to the implementation of Article III, paragraph 2, of the
Treaty, the Conference notes that a number of States suppliers of material
or equipment have adopted certain minimum standard requirements for IAEA
safeguards in connection with their exports of certain such items to
non-nuclear-weapon States not party to the Treaty (IAEA document
INFCIRC/209 and addenda). The Conference attaches particular importance to
the condition, established by those States, of an undertaking of
non-diversion to nuclear weapons or other nuclear explosive devices, as
included in the said requirements."

The Declaration went on to urge that "common export requirements relating to
safeguards be strengthened, in particular by extending the application of
safeguards to all peaceful nuclear activities in importing States not Party to
the Treaty". &/
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23. The second Review Conference, held in 1980, was unable to agree on a final
declaration, owing to disagreements pertaining to the implementation of

Article VI of the Treaty and whether full-scope safeguards should be a condition
of supply. While from the outset recognizing the need to clarify Article III,
paragraph 2, of the Treaty, and subsequently accepting the Zangger trigger list
not necessarily as a preferable option but still as a generally acceptable
mechanism for promoting export for the purpose of peaceful uses of nuclear
energy, the reaction of non-nuclear-weapon States to the London Guidelines was
negative.

24. These countries believed that the London Group had exaggerated the threat
of the potential misuse of peaceful uses of nuclear energy and, consequently,
introduced the restrictions on exports of nuclear material, which made it more
difficult for those countries to acquire the technology needed to help them take
full advantage of nuclear power for their economic development. In the opinion
of the developing countries the mere publication of the Guidelines was not
sufficient. They continued to reiterate the longstanding request that they be
actively involved in this work as well. An attempt to do so was made after the
Second NPT Review Conference in 1980 through the establishment of an IAEA Board
of Governors Committee known as the Committee on Assurances of Supply, which
still exists but is no longer active. The proponents of the Guidelines, on the
other hand, saw them as largely designed to broaden safeguard coverage in
non-parties and to harmonize all suppliers’ approaches, both to ensure that
non-proliferation objectives would be met as well as to remove non-proliferation
from the area of commercial competition.

25. At the time the third Review Conference was held in 1985, this had changed.
While many of the misgivings related to export-control regimes remained, they
were increasingly related to political principles, such as the equality of all
States parties, rather than primarily to their potentially negative effect on
the economic development of developing States. There was also a growing fear in
the international community of the possible proliferation of nuclear-weapon
technology to non-nuclear-weapon States, both party and non-party to the NPT.
All of these developments, in various degrees, made it possible for the Review
Conference to adopt unanimously a Final Declaration, which in its relevant
parts, once again, expressed support for the work of the Zangger Committee, but
without naming it explicitly. The Declaration stated: 7/

"The Conference believes that further improvement of the list of materials
and equipment which, in accordance with Article III, paragraph 2, of the
Treaty, calls for its application of IAEA safeguards should take account of
advances in technology."

The Declaration went even further as regards full-scope safeguards by
recommending that nuclear suppliers take effective steps towards achieving such
a commitment by their customers. All the views and recommendations expressed by
the Review Conference were subsequently reflected in the work of the Zangger
Committee (see paras. 35 and 36).

26. The developments that facilitated the adoption of the Final Declaration by
consensus at the 1985 Review Conference came into even sharper focus at the
Fourth NPT Review Conference in 1990. Many countries, including the United
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States of America and most European States, had placed, or experienced,
temporary moratoriums on the construction of new nuclear power plants in
response to the spiralling costs involved in building them and the lingering
question of their safety prompted by the Chernobyl reactor accident in 1986.
The concerns related to suspicions that some "threshold States", both party and
non-party to the Treaty, might be involved in acquiring nuclear weapons
technology, and that some might already have done so, not only by clandestine
activities but also by taking advantage of certain loopholes in the export
regimes, have provided a strong impetus to convergence of views on some aspects
of the export controls and safeguard mechanisms. They have, however, also led
subsequently to divergence of views between supplier and developing countries in
their approach to the whole issue, in particular regarding further elaboration
of the conditions of supply for nuclear items following revitalization of the
London Group as the Nuclear Suppliers Group in 1991 and the introduction of the
"nuclear-related dual-use regime" (see para. 31).

27. Although the Review Conference was unable in 1990, as in 1980, to agree on
a final declaration, owing once again to disagreements regarding Article VI of
the Treaty, its deliberations provided a significant foundation for better
understanding of the concerns of the parties. In accordance with established
practice, the issues pertaining to article III were dealt with in Main
Committee II. The report of the Committee on its work contained several
important references to those issues which were clearly the result of a
carefully balanced compromise. Thus, the report stated that the
"non-proliferation and safeguards principles in the Treaty are essential for
peaceful nuclear commerce and cooperation". Further, the document referred to
the Zangger Committee by name for the first time and provided a brief
description of its aims and practices, recommending that its trigger list be
reviewed periodically, and urged all States to adopt the Zangger Committee’s
requirements for any nuclear cooperation with a non-nuclear-weapon State not
party to the NPT. However, in response to developing countries’ concerns, the
document also emphasized that the export requirements should not hamper the
development of nuclear energy for peaceful purposes. The relevant part of the
report containing various recommendations with regard to the work of the Zangger
Committee read as follows: 8/

"The Conference notes that a number of States parties engaged in the supply
of nuclear material and equipment have met regularly as an informal group
which has become known as the Zangger Committee in order to coordinate
their implementation of article III, paragraph 2. To this end, these
States have adopted certain requirements, including a list of items
triggering IAEA safeguards, for their export to non-nuclear-weapon States
not party to the treaty, as set forth in IAEA document INFCIRC/209 as
revised. The Conference urges all States to adopt these requirements in
connection with any nuclear cooperation with non-nuclear-weapon States not
party to the Treaty. The Conference recommends that the list of items
triggering IAEA safeguards and procedures for implementation be reviewed
from time to time to take into account advances in technology and changes
in procurement practices. The Conference recommends the States parties to
consider further ways to improve the measures to prevent diversion of
nuclear technology for nuclear weapons, other nuclear explosive purposes or
nuclear weapon capabilities. While recognizing the efforts of the Zangger

/...
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items included in the ’'trigger list’ are essential in the development of
nuclear energy programmes for peaceful uses. In this regard, the
Conference requests that the Zangger Committee should continue to take
appropriate measures to ensure that the export requirements laid down by it
do not hamper the acquisition of such items by States parties for the
development of nuclear energy for peaceful uses."

28. In other sections the report of Main Committee II made two further
recommendations: in the first recommendation, it urged all non-nuclear-weapon
States "to make an internationally, legally binding commitment not to acquire
nuclear weapons or other nuclear explosive devices and to accept IAEA safeguards
on their peaceful nuclear activities, both current and future, to verify that
commitment”. At the same time, as a complementary measure, the report urged all
the nuclear supplier States "to require as a necessary condition for the
transfer of relevant nuclear supplies to non-nuclear-weapon States under new
supply arrangements, such a commitment and acceptance of such safeguards"; and
in a second recommendation, it "recognized that there are items of equipment and
materials, including tritium not identified in NPT Article III, paragraph 2,
that are relevant to the proliferation of nuclear weapons and therefore to the
NPT as a whole". 9/ The report went on to say:

"Without prejudice to existing principles guiding international cooperation
in the peaceful uses of nuclear energy, especially article IV of the NPT,
the Conference in this regard calls for early consultations among States to
ensure that their supply and export controls are appropriately
coordinated."

III. MAIN DEVELOPMENTS SINCE THE FOURTH NUCLEAR
PROLIFERATION TREATY REVIEW CONFERENCE

29. Following the 13990 Review Conference, a number of steps were taken by
States parties that reflected their desire to take into account new developments
in international relations, which had heightened concerns about possible
diversion of nuclear technology to non-peaceful purposes. Iraqg’s breach of its
commitments under the Treaty was particularly alarming and significantly
galvanized the resolve of the international community to close the loopholes in
the system of export control regimes. All these events had a direct impact on
the work of both the Zangger Committee and the Nuclear Suppliers Group.

30. At the invitation of the Netherlands, the Nuclear Suppliers Group resumed
regular meetings in March 1991. Since then, the Group, which had meanwhile
expanded its membership to 30 States, met three more times, at Warsaw in 1992,
Lucerne in 1993 and Madrid in 1994. The next meeting is scheduled to take place
at Helsinki in April 1995. 10/

31. The meeting at Warsaw agreed on a new set of Guidelines for Transfers of
Nuclear-Related Dual-Use Equipment, Material and Related Technology, along with
an annex listing such items. This was published in July 1992 as
INFCIRC/254/Rev.1/Part 2 (see annex III), while the original Guidelines on
Nuclear Transfers were simultaneously reissued as INFCIRC/254/Rev.l1l/Part 1 but
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in a new format and incorporating all the clarifications to the Zangger
Committee trigger list that had been made up till then (see annex II).

32. The meeting of the Nuclear Suppliers Group at Warsaw also agreed that the
Guidelines on Nuclear Transfers should be amended to make full-scope safeguards
a condition of supply. This was formally achieved at the Group’s Lucerne
meeting and the Guidelines were then reissued in July 1993 in appropriately
amended form as INFCIRC/254/Rev.l/Part 1/Mod.l1. Subsequently some further
changes were made to the Group’s nuclear trigger list, two reflecting similar
changes to the Zangger Committee’s and a further one unique to the Nuclear
Suppliers Group list. These changes were published in April 1994 as
INFCIRC/254/Rev.1/Part 1/Mod.2.

33. At its meeting at Madrid, the Nuclear Suppliers Group also decided to amend
its nuclear Guidelines, to prevent non-Group members from importing items from
Group members and then re-exporting them to non-nuclear-weapon States without
requiring full-scope safeguards; and to insert a new guideline to the effect
that:

"Notwithstanding other provisions of these Guidelines, suppliers should
authorize transfer of items identified in the trigger list only when they
are satisfied that the transfers would not contribute to the proliferation
of nuclear weapons or other nuclear explosive devices."

These changes to the Guidelines are incorporated in
INFCIRC/254/Rev.1/Part 1/Mod.3, published in November 1994.

34. Currently, part 1 of the Nuclear Suppliers Group Guidelines consist of the
following documents: (a) the Guidelines proper; (b) the trigger list (annex A);
{c) the clarifications to the trigger list (annex B); and (d) the criteria for
levels of physical protection (annex C).

35. For its part, the Zangger Committee, which has never ceased its work since
1971, continued to hold its meetings at Vienna twice a year. 11/ The Committee
has agreed on two more clarifying amendments, which were made public in the
usual manner as modifications to IAEA document INFCIRC/209 (see annex I):

(a) In May 1992, an amendment was introduced further to clarify plants
for the production of heavy water, deuterium and deuter:ium compounds, and
associated equipment (INFCIRC/209/Rev.1/Mod.1);

(b) In October 1993, agreement was reached over the interpretation of
paragraph 6 of Memorandum A attached to INFCIRC/209/Rev.l, to ensure that
safeguards would be applied to export of bulk guantities of source material
intended for non-nuclear use;

(¢) Finally, in April 1994, further clarifications to the enrichment
section were made and a modification of the entry on "Primary coolant pumps" to
include water pumps was introduced (INFCIRC/209/Rev.1/Mod.2).
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36. The Zangger Committee has focused its attention in recent years on the
question of whether or not facilities for the conversion of uranium fall under
the definition of article III, paragraph 2. The matter is under review.

37. Thus, over the years, two groups of suppliers - the Zangger Committee and
the Nuclear Suppliers Group - although generally dealing with the same subject-
matter of nuclear export controls, have emphasized different aspects of the
issue. The Zangger Committee, which derives its existence from the NPT, is
concerned with the interpretation of supplier commitments under article III,
paragraph 2, while the Nuclear Suppliers Group, in addition to the development
of a trigger list largely identical to that of the Zangger Committee, has in
recent years focused also on the proliferation impact of dual-use equipment and
technology. The two groups, with almost identical membership, continue to work
along those lines.

38. As noted earlier, since the inception of the export-control regimes,
developing countries have expressed, to varying degrees, their concerns and, at
times, strong objections to what they perceived as even more stringent
conditions of supply of nuclear materials, which, they felt, were harmful to
their economic development, in general, and discriminatory in nature, in
particular. They voiced their concerns on numerous occasions and in different
forums. The recurrent theme in the statements was the demand for the respect of
the principle of long-term assurance of supply. In this connection, these
countries have repeatedly recalled paragraph 5 of the Final Declaration of the
1985 Review Conference, adopted by consensus, which in conjunction with the
review of article IV and preambular paragraphs 6 and 7 of the Treaty, stated the
position of the States parties as follows: .
"The Conference recognizes the need for more predictable long-term supply
assurances with effective assurances of non-proliferation." 12/

This principle was also part of the terms of reference of the Committee on
Assurances of Supply mentioned in paragraph 24. Apart from the substantive
aspects of the issue, developing countries have continued to express misgivings
regarding the form and procedure under which the supplier States pursue their
work. They consider that greater transparency and involvement of recipient
States in this work is necessary.

39. Developing countries parties to the Treaty also object to what they
consider insufficient differentiation on the part of suppliers between recipient
States parties and non-parties to the Treaty. In this context reference is made
to the draft of the Final Declaration of the Fourth Non-Proliferation-Treaty
Review Conference with respect to the implementation of article IV, which
recalls that "in all activities designed to promote the peaceful uses of nuclear
energy, preferential treatment [should] be given to the non-nuclear-weapon
States parties to the Treaty which have concluded the required safeguards
agreement with IAEA, taking the needs of developing countries particularly into
account". 13/

40. The most recent occasion on which these views were expressed by a large
group of States was the Eleventh Ministerial Conference of the Movement of the
Non-Aligned Countries, held at Cairo from 31 May to 3 June 1994. 14/ 1In the
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section on disarmament and international security of the Final Document of the
Conference, the non-aligned developing States made the following reference to
the NPT and the question of export-control regimes: 15/

"The Ministers expressed their objection to the continued functioning
of ad hoc export-control groups on the pretext of non-proliferation of
armaments, since they could impede the economic and social development of
developing countries. They reiterated the need for multilaterally
negotiated, universal, comprehensive and non-discriminatory disarmament
agreements to address proliferation problems."

41. On the other hand, supplier States point out that the requirement for
export controls is well established and their benefits are widely recognized.
For example, in addition to the various recommendations of NPT Review
Conferences, in 1992 the members of the United Nations Security Council, meeting
at the level of Heads of State and Government issued a statement that, inter
alia, said: 16/

"On nuclear non-proliferation, they note the importance of the
decision of many countries to adhere to the Non-Proliferation Treaty and
emphasize the integral role in the implementation of that Treaty of fully
effective IAEA safeguards, as well as the importance of effective export
controls."

42. These States also point out that the General Assembly, at its forty-ninth
session, adopted resolution 43/65 by a vote of 161 to none with 6 abstentions,
the third preambular paragraph of which recognized "the importance of the work
of the Agency in promoting the further application of nuclear energy for
peaceful purposes, as envisaged in its statute and in accordance with the
inalienable right of State parties to the Treaty on the Non-Proliferation of
Nuclear Weapons and other relevant internationally legally binding agreements
that have concluded relevant safeguards agreements with the Agency to develop
research, production and use of nuclear energy for peaceful purposes without
discrimination and in conformity with articles I and II of the Treaty, other
relevant articles and with the object and purposes of the Treaty."

Notes
i/ Article IV, paragraph 1, reads as follows:

"1l. Nothing in this Treaty shall be interpreted as affecting the
inalienable right of all the Parties to the Treaty to develop research,
production and use of nuclear energy for peaceful purposes without
discrimination and in conformity with articles I and II of this Treaty."

2/ Article IV, paragraph 2, reads as follows:

"2. All the Parties to the Treaty undertake to facilitate, and have the
right to participate in, the fullest possible exchange of equipment,
materials and scientific and technological information for the peaceful
uses of nuclear energy. Parties to the Treaty in a position to do so shall

/o
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also cooperate in contributing alone or together with other States or
international organizations to the further development of the application
of nuclear energy for peaceful purposes, especially in the territories of
non-nuclear-weapons States Party to the Treaty, with due consideration for
the needs of the developing areas of the world."

3/ Article III, paragraph 1, reads as follows:

"l. Each non-nuclear-weapon State Party to the Treaty undertakes to accept
safeguards, as set forth in an agreement to be negotiated and concluded
with the International Atomic Energy Agency in accordance with the Statute
of the International Atomic Energy Agency and the Agency’s safeguards
system, for the exclusive purpose of verification of the fulfilment of its
obligations assumed under this Treaty with a view to preventing diversion
of nuclear energy from peaceful uses to nuclear weapons of other nuclear
explosive devices. Procedures for the safeguards required by this article
shall be followed with respect to source or special fissionable material
whether it is being produced, processed or used in any principal nuclear
facility or is outside any such facility. The safeguards required by this
article shall be applied on all source or special fissionable material in
all peaceful nuclear activities within the territory of such State, under
its jurisdiction, or carried out under its control anywhere."

4/ Article III, paragraph 2, reads as follows:

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

5/ NPT/CONF.I1/35/1, annex I, p. 3.

6/ Ibid.
2/ NPT/CONF.III/64/1, annex I, p. 5, para. 13.
8/ NPT/CONF.IV/DC/I/Add.3 (a), p. 5, para. 27.
s/ Ibid., p. 3, para. 18.

10/ Currently, the Nuclear Suppliers Group consists of the following
members: Argentina, Australia, Austria, Belgium, Bulgaria, Canada, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Japan, Luxembourg, Netherlands, New Zealand, Norway, Pocland, Portugal, Romania,
Russian Federation, Slovak Republic, South Africa, Spain, Sweden, Switzerland,
United Kingdom and United States.

11/ With the exception of Argentina and New Zealand, which is presently a

member of the Nuclear Suppliers Group, but not the Zangger Committee, and the
Republic of Korea, which has been invited to observe the work of the Committee,

/e
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the membership of the two forums - the Nuclear Suppliers Group and the Zangger
Committee - is the same.

12/ NPT/CONF.III/64/I.

13/ NPT/CONF.IV/DC/1/Add.3.

'H
i

/ A/49/287-S/1994/894 and Corr.1l.

|l-'
wn

/ Ibid., para. 66.

ise/ §/23500. The membership of the Security Council in January 1992 was
as follows: Austria, Belgium, Cape Verde, China, Ecuador, France, Hungary,
India, Japan, Morocco, Russian Federation, United Kingdom of Great Britain and
Northern Ireland, United States of America, Venezuela and Zimbabwe.
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Annex I

INF

LVV INFCIRC/209/Rev.1

November 1990
%

International Atomic Energy Agency GENERAL Distr
Original: ENGLISM

INFORMATION CIRCULAR and RUSSIAR

{

\

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

1. The Director General has received letters dated 3 September 1990 from
the Resident Representatives to the Agency of Australia, Canada,
Czechoslovakia, Denmark, Finland, the German Democratic Republic, the Federal
Republic of Germany, Greece, lungary, Ireland, Japan, Luxembourg, the
Netherlands, Norway, Poland, Sweden, the Union of Soviet Socialist Republics,
the United Kingdom of Great Britain and Northern Ireland, and the United
States of America concerning the commitments of these Member States under
Article IJI, paragraph 2, of the Treaty on the Non-Proliferation of Nuclear
Weapons .

2. The purpose of the letters is to consolidate and clarify the information
contained in documents INFCIRC/209/Mod.1,2,3 and 4 into & single document and
to provide information on the functioning of the "Zangger Commitice”, alseo
known as the “Nuclear Exporters' Committce', with regard to the commilments of
the Commitiec's members under Article 111, paragraph 2, of the Trealy.

3. In the light of the wish expressed at the end of each letter, the text
of the letters is annexed hereto.

36067Y/224Y

90-05151
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LETTER

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

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

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

1 should be grateful if you would circulate the text of this letier and
its attachment, together with Lhe appended background paper, to all
Member Stiates for their information.

/e
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CONSOLIDATED TRIGGER LIST
MEMORANDUM A

1. INTRODUCTION

The Government has had under consideration procedures in relation 1o exports of nuciear materials in the
light of ts commnament not to provide source or spec:a: fissionable material to any non-nuciear-weapor
State for peaceful purposes uniess the source or special fissionadle material is subject 1o sateguarcs
unger an agreement with the International Atomic Energy Agency

2. DEFINITION OF SOURCE AND SPECIAL FISSIONABLE MATERIAL

The definition of source and special fissionable materal adopted by the Government shall be that
contained in Articie XX of the Agency's Statute: :

() "SOURCE MATERIAL"

The term "source material" means uranium contaiming the mixture of isotopes occurring in nature:
uranium depieted in the isotope 235. thorium: any of the foregoing in the form of metal. alloy.
chemical compound. or concentrate: any other material contaiming one or more of the foregoing
in such concentration as the Boara of Governcrs shail from time 1o time getermine: angd such
cther material as the Board of Governors shall frocm time to time getermine.

(db) "SPECIAL FISSIONABLE MATERIAL"

i) The term “special fissionable matera’ means plutonum-239. uramum-233. uraniym
enriched in the isotopes 235 or 233. any matenal containing one or more of the forego:ng; anc
such other fissionaole materia as the Boarg of Governors shail from time to time determine: but
the term "special fissionabie materiai” does not inciude source matenal.

ii) The term “uranium enriched in the i1sotcoes 235 or 233° means uranium containing the
isotopes 235 or 233 or both in an amount such that the abundgance ratic of the sum of these
isotopes 1o the isotope 238 is greater than the rauo of the isotope 235 10 the isotope 238 occurnng
in nature.

3. THE APPLICATION OF SAFEGUARDS

The Government is solely concerned with ensuring, where relevant. the application of safeguards in
non-nuciear-weaoon Statss not party to the Treaty on tne Non-Proliferation of Nuciear Weapons (NPT)
with a view 10 preventing diversion of the safeguarded nuciear matenal from peacsfui purposes 1o nuclear
weapons or other nuciear expiosive devices. if the Government wishes to SUpply source or special
fissionable material for psaceful purposes to such a State. it will:

(a)  Specily to the recipisnt State. as a condition of supply, that the sourcs or special fissionable
material. or special figsionabie matenai produced in or by the use thereof. shail not be diverted to
nuciear weapons or other nuciear sxpiosive devices: and

(b)  Satisty itself that sateguards to that end. under an agreement with the Agency and in
accordance with its sateguaras system. will be applied 10 the source or special fissionable material
in question.

4. DIRECT EXPORTS

In the case of direct exports of source or special fissionapie material 1o non-nuciear-weapon States not
party to the NPT, the Government will sausty ttseit. oefore authonzing the expon of the material in
question. that such material will be subject 10 a sateguaras agresment with the Agency, as soon as the

* reprogucec in INFCIRC, 140
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recioiem State takes over responsibility for the matenal. byt no fater than the time the matenal reaches its
cestnation.

S. RETRANSFERS

The Government. when exporung source or specia fissionable matenal to a nuclear-weapon State not
party to the NPT, wil require saustactory assurances that the material will not be re-exported tc a
non-nuciear-weapon State not party to the NPT uniess arrangements corresponaing to those referred tc

above are made for the acceptance of safeguaras by the State recening such re-exoort.

6. MISCELLANEOUS
Expons of the itemns specified in sub-paragraph (a) below. and expons of source or spec:al fissionable
matenal 10 a given country, within a period of 12 months. beiow the limns specttiea in sub-paragraph (b)
below, shall be disregarded for the purposs of the procsaures descnbed above:
(a) Plutomum with an isotopic concentration of piutonium-238 exceeding 80%:
Speciat fissionable matenal when used In gram quantties or less as a sensing component in

instruments: and
Source material which the Gavernment is saustied is 1o be used only in non-nuclear

actuvrues. such as the production of alloys or ceramics:

(b) Special fissionable matenai 50 eftective grams:
Natura uranium 500 kilograms;
Depietea uranium 1000 kilograms: and
Thornum 1000 kilograms.

MEMORANDUM B

1. INTRODUCTION

The Government has had uncer consideration procedures in relation to exports of certain categories of
equipment and materal. in the light of its commament not 1o provice equipment or materiai especially
designea or preparsa for the processing, uss or procuction of special fissionadbie material 10 any non-
nuciear-weapon State for peacefu purposes. uniess the source or special fissionacie matenal procuced.
procsssed Or used in the equipment or matenal in question is subject 1o safeguaras unaer an agreement
with the international Atomic Energy Agency.

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

The designation of tems of equipment or material especially designed or prepared for the processing, use

or production of special fissionatle materiaj (hereinafter referred to as the “Trigger List") adopted by the

Government is as follows (quantities beiow the leveis indicated in the Anngx being regarcded as

insigntficant for practical purposes):

2.1. Reactors and squipment therefor (see Annex. section 1.);

22 Non-nuciesr materials for reactors (see Annex. section 2.);

2.3. Plants for the reprocessing of sradiated fuel siemems. and equipment sspecially designed
or prepared therefor (see Annex. section 3.);

2.4. Plants for the fabrication of fuei elemems (see Annex. section 4.);
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2.5. Plants for the separation of isotopes of uranium and equipment, other than anaiytical
instruments. sspecially designed or prepared therefor (see Annex. section §. %

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

3. THE APPLICATION OF SAFEGUARDS
The Government is solely concerned with ensuring, where relevant. the application cf safeguards in
non-nuclear-weapon States not party to the Treaty on the Non-Prolferation of Nuclear Weapons {NPT)
with a view to preventing diversion of the safeguarded nuciear material from peaceful purposes to nuctear
weapons or other nuciear explosive devices. If the Government wisnes to supply Trigger List items for
peaceful purposes o such a State. it will:
(a)  Specify to the recipient State. as a condition of supply, that the source or special fissionable
material produced. processed or used in the facity for which the item s supplied shall not be
diverted to nuciear weapons or other nuciear expiosive devices: and

(b)  Sausty itseif that safeguards to that end. under an agreement with the Agency and in
accoraance with its safeguaras system. will be apptied to the source or special fissionable materiai
in question.

4. DIRECT EXPORTS

In the case of direct expons to non-nuciear-weapon States not party to the NPT, the Government will
sausfy tseif. before authorizing the expon of the equipment or material in question. that such equipment
or material will fall unaer a satequards agreement with the Agency.

5. RETRANSFERS

The Government. when exoorting Trigger List tems. will require satisfactory assurances that the items will
not be re-exponed to a non-nuciear-weapon State not party to the NPT unless arrangements
corresoongding 10 those referred to above are macge for the acceptance of safeguards by the State
receiving sucn re-export.

6. MISCELLANEOUS

The Government reserves to rse!! discretion as to imerpretation ang umplomcmnon of its commntment
referred 10 in paragraph 1 above and the right to require. if it wishes. sateguards as above in relation 10
items 1t exports in addition to those tems specitied in paragraph 2 above.
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ANNEX
CLARIFICATION OF ITEMS ON THE TRIGGER LIST
(as designated in Section 2 of Memorandum B)

Reactors and equipment theretor

Complete nuciear reactors

Nuctear reactors capable of operation so as tc mamntain a controlied seif-sustaining fission cnain
reacrion, exctuging zero anergy reactors. the iatter being definegd as reactors with a designed
maximum rate of proguction of piutonium not exceeding 100 grams per year.

EXPLANATORY NOTE

A "nuCIear reactor” DasiCaily NCIUOeS e [HBMY within O JNACNeC diIrechy 1O the 1e8CtOr vesse!. the sQUIDMEnt whic™
CONMrols the levet Of DOwer in The SOTE. ANC N COMDONENIS wniCh NGIMAlly CONtAIN OF COME in AireCt CONTACT witn 37
contro! the pnMary COcIant of the reactor core

Rt 13 NOt INTENAEC 10 SXCILCH r@ECTOrS WNICH COUID reasONEDIY D8 CADBDI Of Moarhcaton tO oroduce signthcantly more
than 100 grams of pwitcnium per yess. Resctors gdesgned fOr susStaiNeC 0Derauon 8! IgMficant Power @vers.
10QAarciess Of ther CaDaCITy tOr DILIONIUM ProgducCton Are NOt CONKAEreC as 2070 ENErgy (4CIOrs”

EXPCRTS

The exD0M 3 tho wNOIe Sat Of MAOK 18MS within iy SCUNGAry Wil tAKE DIBCE ON'y N ACCOICANCE with (Re Droceaures
of the Memoranaum TRose NAVIGUA HEMS wifin 1S TUNSTONAlY CENNeC DOuNdary wnich will De exponea onty in
2CCOrOaNnce with tNE Drocedures ©f the Mernorangum are Hi$1eC 1N DAZAGraDNs 1.2 10 1.7 Sursuant :0 paragraon 6 ot
the Mermnoranaum. the Government reserves 1o 1selt the ngnt 10 apply the procedures of the Memorancum (o otner
OMS within the fuNcuonally defined doundary

Reactor pressure vessels

Meta! vesseis. as complete unns or as ma;or shop-fabricated pans theretor. which are especially
designec or preparec 10 contain the core of a nuclear reactor as defined in paragrapn 1.1. above
ang are capable of withstanaing :he operating pressure of the primary cootant.

EXPLANATCRY NOTE

A 10D DIRTS IOr 8 fRACIO! DIGSIUIS VOSSO '3 COVered Dy item ' 2 as a Mayor sNOO-130/CAtEC DAt Of 3 Dressure vessse!

Reactor internais 180G suCOON cOlumns and oistes or the cO7e ANG OIer vessel NMernals CONMA! rOC QuiCe 1LDes
Mermai shieids Damies COre gna Diates Qiffuser DIAES #1C - are NOrMally 3UCOIEG Dy e reactor supoier n some
Cases. Canain INMeMal JUOOON COMDONSNS &re NCIUASC N Me taDNCADON Of he Cressure vesse: Thess items are
suthcientty cnacal (o the salety &nG /euabiify Of the ODErSBoN Of the rSactSr (ANC. thererors. 10 the guaranises ang
llapiity of the re8CIOr SUOOHE), 30 AT ther SUDDlY. OUIHAs the DAKC SUDDlY RITENGEMENt 1Or the reactor tseif. wou!d
not be common pracuce. Theretors. ATOUGN e SEOAZATS SUODTY Of hese UNIGUE. 83DECIAlly CEXQGNEA aNC Srecarea.
CTCA). IArQE ANA SXDENIVE M3 wouid NOt Necessanly De cONNICEred &3 fAlNG SUINA the area Of CONCOM such A
Moae of SUSDly 18 CONSICErsd unikety.

Reactor fuel charging and discharging machines

Manipulative equipment aspecially designed or prepared for inserting or removing fuel in a
nuclear reactor as defined in paragraph 1.1. above capable of cn-doad operation or empioying
technically sophisticated positioning or alignment features to allow compiex offdoad fuelling
operations such as those in which girect viewing of or access to the tuel is not normally availabie.

Reactor control rods
Rods especially designed or preparea for the control of the reaction rate in a nuclear reactor as
defined in paragraph 1.1. above.

EXPLANATORY NOTE
This item INCluGes. (N 8GUMLON 1 the NeUlTON ADSATDING DAL TE SUPPOM O SUSDENSION STUCTUreS theretor it SUDDIeS
seoasately

Reactor pressure tubes

Tubes which are especiallv designed or Dreparec (0 comtain tuel elements and the primary coolant
N a reactor as defineg in paragrapn 1.1 apove at an operaung pressure in excess of

50 armospneres.
R
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1.8.

1.7.

2.1,

2.2

3.1.

Zirconium tubes

Zirconium metal and alloys in the form of tubes or assemblies of tubes. ang in quantnies
exceeding 500 kg in any period of 12 months, especially designed or prepared for use in a reacter
as defined in paragraph 1.1. above. and in which the relation of hatnium to zirconium 15 less than

1:500 pans by weight.

Primary coolant pumps

Pumps especially designed or prepareg for circulating liquid metal as primary coolant for nuclear
reactors as defined in paragraph 1.1. above.

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 defineg in
paragraph 1.1. above in quantties exceeding 200 kg of deuterium atoms for any one rectoient
country in any period of 12 months.

Nuciear grade graphite

Graphite having a purny level better than 5 parns per million boron equivaient and with a gensmy
greater than 1.50 g/cm~ in quantities exceeaing 310* kg (30 metnc tons) for any one recipient
country in any periog of 12 montnhs.

Plants for the reprocessing of irradiated fuel elements, and equipment
especially designed or prepared theretor

INTROCUCTORY NOTE

Reprocesaing iragisted nuciesr fusl S80Ara1es DIVIONIUM NG uraMmium rom iNtensely racicactive fissIon Drogucts ang
other wansuranic siements. Different techmica) Orocesses can accOMONSN this SEDAIEUON. HMOwWevVer. Over the years
Purex has DecCOMe the MOst COMMONly used and ACCEOTSC Of Purex i the G1330IVLION Of IITRCIATEA NUCIear
fuel 10 (itnc acid. f0HOWEE Dy S8DAraBON Of the UrANIUM, BIVIOMUM. ana hIKON Procucts Sy SOIVENt EXIraclon using a
muxture of Dutyt PNOSONALS 1N an Organic Giluent.

Purex faciiies Nave Orocess funcCuons mmilas tO G8CN OmMer. including: iradiated fuel element choooing. fus:
GISSOIUBON. SOVENt SXTTACUON, ANG Drocess iquor storage. There may a0 De sguipment for hermal deniraton ot
UIAMUM MTSte. CONVErsion of PIVIOMILM NATSte t0 OXIOe OF MEtAl. NG restment of islON DrOGUET waste 1Quor 10 a
form sunabie for 1ONG teM SIOIEQe Or GISDOSAl. MOwWever. the specthc type and conhguraton of the equipment
pertorming Mese funcuons may arfter Detween Purex facirhes (07 several reasons. NCIUCING e tyDe ana Quanuty ot
ITEQISIES NUGCIear fusi 10 DO rENrOCeSSSd aNG e IMeNced AISOOKTON Of the rECOVEred MAIeNAIS. &na e satety anc
maitenancs ohiosopny INCOIDOIEIedA Tto e demgn of the facinty.

A “plant for the reprocesang of imadiated fuel slements”. inciudes the sguICMeNt NG COMDONENTS wnICh norMally
COMe N Girect CONTACT with ang directy conTol e ¥Tadiated uel NG e Maor NUCIeN Matenal and Hsson proguct
procesung sueams.

These processes. inciuding the compiete systems for piutomum coAveraon and plutomum metal producton. may dbe
identified by !he MeAasuUIes taken 10 AvOId CITUCANtY (0Q Dy Qeometry), racd:aton exposure (eg Dy shelding), ana toxicity
hazaras (eg Dy comanment).

EXPORTS

The export of the whole 36t Of Maior tems withen this DOUNOAry will take DISCe ONly I ACCOrGANCce with the Drocedurss
of the Memoranoum.

ftems 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 inciude:

irradiated fue! element chopping machines

INTRODUCTORY NOTE

This squipment Breacnes the ciaadaing of e fuel t0 $200se the IradIated nuciear matenal to cissoiunon. Esoecialy
deNgNec Metal GUTBNG SNOArS a/e The MOST COMMONly AMEIoYEd. ANOUGN SOVANCET SQUIDMENt. SUCH A3 Iasers. May
be used.

Remotely operated equipment especially designed or prepared for use in a reprocessing plant as
identitied above and intended to cut. chop or shear Irradiated nuciear tuel assemblies. bunaies or
roas.
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INTRODUCTORY NOTE
Dissorvers normally receive e CNOOOEC-uD SCENt fusr. In tNese CNUCAIly 3210 vesse(s. tNe HTACIATEd NUCISAr MATSNA! 1§
di1380ivea In NEnc 410 anG the remaning Rulls removea from e process syeam.
Critically safe tanks (eg small diameter, annular or siab tanks) especially designed or prepared for
use in a reprocessing plant as identrfied above. inended for dissolution of irradiated nuclear fuel
and which are capabie of withstanging hot, highly corrosive liguid, anc which ¢an be remotely
loaded and maintained.

Solvent extractors and solvent extraction equipment

INTRODUCTORY NOTE

Soivent extractors DOth recerve the soluton of iradiated fuel from the Gissoivers and the Organic SOIUDION wmien
SODA’AtES e UIANIUM, DIUIONIUM, and hSKON Drocucts. Soivent extracton eGuIDMENt i$ NOrMally Sesignec 10 meet
STNCT ODEradNG DATAMOtErs. such as long opberaung liteumes with N0 MUNTENENCE reQuIreMents Or aCaDtaDIIty 10 883y
repiacement. smplicity Of ODEraton and SONO!. ANd flexibiity fOf vANADONS 1N DrOCess conaiuons.

Especially designed or prepared soivent extractors such as packed or pulse columns. mixef
seters or centrifugal contactors for use in a piant for the reprocessing of irragiated fuel. Sotvent
extractors must be resistam to the corrosive sffect of nitric acid. Solvent extractors are normaily
fabricatec to extremely high standards (inctuding special weiding and inspection and quality
assurance and quality control techniques) out of iow carbon stainiess steels. titanium, zirconium,
or other high quality materiais.

Chemical holding or storage vesseis

INTRCOUCTCRY NOTE
Three main orocess liquor sreams resunt from the 30iVeNt SXTECTON ST60. HOIGING Of SIOTAGE VESSE!s 3re USEd in The
further processng of all three sTeams, as folows:

(a) The oure urarium AITate SOIUTON IS CONCENTEINC Dy SVADOrAtON and DASSEC IO 3 GENITATON PrOCESe wnere it
1 CONveNtea to uranium axide. This OXIGe 18 re-used N e NUCIeRS fusl CySse.
®) The ntensery racicactve fismon Droducts SOIULEN I3 NOMMally CONCONUaled Dy SvaOOranon and storec as a

liguor concentrate. This concentrate May D SuDIEQUENtly SVADOIaled and convenea to & fONM SuItaD'e *o¢
s1o7age Or SIs0OsAl.

(€ The oure piutonium NSt SOIUTION 1S CONCENTTEIEa SNT SIOFEC DENCING 1S transter 10 further Drocess s1e0s. In
parnculas. hoIging of SIOrage vesseis fOf DIVIONIUM SOIUNONS are GeNQNEC 10 avoid CIMCAIty Propiems
1OSUIDNG frOM CRANGES I CONcenTanon and form of this sueam.

Especially designed or prepared hoiding or storage vesse!s for use in a plant for the reprocessing
of irradiated fusi. The hoiding or storage vessels must be resistant to the corrosive effect of ntnc
acid. The hoiding or storage vesseis are normaily fabricated of materials such as low carbon
stainiess steeis. titanium or zirconium, or other high quality materials. Holding or storage vesseis
may be designed for remote operation and maintenance and may have the following features tor
controt of nuciear criticaiity:

(1) walig or irternal structures with a boron squivalent of at least two per cent, or

(2) a maximum diameter of 175 mm (7 in) for cylindrical vessels, or

3) & maximum width of 78 mm (3 In) for either a siab or annular vessel.

Plutonium nitrate to oxide conversion system

INTRODUCTORY NOTE
In MONt reproceemng facilities. this final process INvoives e CoONversion of he PlUtoNIM NITEe SOIUTON 10 PIItOTILM

diowde. The man funcuons MvoNed in s Process ae:
Process 1900 S10rage ANd SONEITNENT. DrOGDIENON aNG SO0HAAIQUO! SEPArEBON. CAIGINADON, Product handing,

ventianon. wase Management, and prooess control.

Compiete systems especially designed or prepared for the conversion of piutonium nitrate to
plutonium oxide, in particular acapted so as to avoid criticaliity and radiation effects and to
minimize toxicity hazards.

Plutonium oxide to metai production system

INTRODUCTCORY NOTE .

This process. wmen could De reiated 10 a recrocessing faciity. Invoives e Huonnaton of plutonium dioxide. Normally
with mgnly corrosve Nyarogen Huonae. 10 ProguUCe DIUICAIUM HUCNEE WMICH IS SUDSSQUENTY rECUCE0 UMING NIgN Dunty
CaGUM Meal 10 DFOCGUCE METAIC DINtOMUM 8Nd A CaGUM fluonde sag. The Mmain TUNCTONS IVOIVEd N this D/OCess
we: HUONNZVON (8g INVOVNG SQUIDMENt 1aDNCEINa OF NS with & DIEGIOUS METAI), MOt (eGUCTON (6g eMpionng
COrAMIC CruCIDINg!. SHQ reCOVEry. PrOGUCt NANGING, VONDISNON. waste Management and Drocess control.
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4.

5.

5.1.

S.1.1.

Compiete systems especially designed or prepared for the production of plutonium metal. n
particular acapted so as to avoid cricality ang ragiation effects and to minimize toxicty hazarcs

EXPORTS
Pursuant 1o paragrapn 6 of the Memorangum B. the Government reserves to rtseif the nght to 2oply the procecures of
the Memoranaum 10 Other M3 within the funcudnally detinea Bounaary

Plants for the tabrication of fuel elements

A “plant tor the fabrication of fuel elements” inclugdes the equipment.

(a) Which normally comes in direct contact with, or gireclly processes. Of Controls. the
production fiow of nuclear materal. or

(b) Which seals the nuclear materiai within the clacding.

EXPORTS
The expon of the whoie set of tems tor the toreQoing operaucns will taxs piace only in aCCOrcance with the Drocecures
of the Memoranaum. The Government wiil 2130 Give CONSICEraVON tO a0OHCANON Of the Drocecures of e Memarancum
10 NAMmaus! rtems INTENAEO for any of the 1OreQOING ODEratons. as wei 83 1or Other tuel faDNCANON COSrEUCNS SUCH a3
checxing e integnty of the CIAATING Of the Sed), ana e hrisn Teatment 10 tNe seaied tuel.

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

Items of equipment that are considered to fall within the meaning of the phrase "eguipment. other
than analytucal instruments. especiaily designec or preparea” for the separation of isotopes of
uranium inciugde:

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

INTRODUCTCRY NOTE

The gas centriuge normaity consists of a thin-wallea Cyinders) of Detween 7S mm (3 int anc 40C mm (16 :~; Siamere:
CONtAINGT 1N 3 vacuum environMent ana soun at Mg percnera $0eea of the orger ot 300 M/3 or More wit' 'ts centrai
AUS vENCAl. in Order 10 achieve NiGh 3008C e Materals Of CONSTUCTON {Or The [CIADNG COMOONENts Nave 1 =6 07 2
nign strengn tc Jenauty 7410 and the rotor 833eMPly. anG NENCS IS INAIVICUA COMDCNENTS. Nave 10 DE MANLTACILIeC 10
vefy CiOse tolerances :n Orger tC MiMMIZe (NG UNDMENCE. N CONMTaSt !C OMer CONTTUGES. NS Qas cenintuge 'Of
vranium ennNcNAMent i3 CNEFACIONIEA Dy Naving within the rotor chamDer a rotaung CrSC-sNADEC Datiers: anc a
SIATONArY TUOS ArFANGEMENT 107 1900ING ANT SXUACTNG the LFg gas ana tearunng at ieast 3 se0a/ate Channeis Ot whigh
2 &6 CONNBCTIEC 10 SCOOCS OXIENTING HOM Me rO0r Axs tOWArAS the Dencnery Of the rotor cNamper AlSC contained
within the vaCUUM SAVIIONTMENt &’6 & NUMDEr Of CITUCAl HEMB wMICh (O NOT rOTATe BNG wMICh Athougn ‘ney are
08D8CIally QSNGNEC are not arfficult 10 faDNCate NOr ase they fabncated out Of UNIGUS Matenais. A centntuge tacity
however requires a 1a7Qe nuMDer of these COMPONENts. 30 At QUANTUES SAN DrOVIGe AN 'MPOMANt INGICATON Of end

Rotating components

(@) Compiete rotor assembiies:

Thin-wallea cylingers. or a numbper of interconnected thin-walled cylinders. manufactured from
one of the high strength to densmy ratic materiais described in the EXPLANATORY NOTE !0 this
Section;

it imterconnectea. the cylinders are joined together by flaxible bellows or rings as described in
section 5.1.1.(c) following. The rotor is fittec with an imernai batfe(s) and end caps. as described
in section 5.1.1.(d) ang (e) following, #f in final form. However the compiete assembly 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 tess. a
diameter of between 7?5 mm (3 in) and 400 mm (16 in), and manufactured from one of the nign
strength to aensity ratio materials gescribec in the EXPLANATORY NOTE to this Section.

(c) Rings or Bellows:
Components esoec:ally designed or prepared 1o give localizec suppon to the rotor tube or 1o join
together a numbper of rotor tubes. The beliows 1s a shon cylinger of wall thickness 3 mm (0.12 in)
or less. @ diameter of between 75 mm (3 in) and 400 mm (16 in), having a2 convolute. anc
manufactured from one of the high strength to density ratio materiais describec in the
EXPLANATCRY NOTE 1o this Section.

/oo
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(d) Baffles:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in) diameter especially
designed or prepared to be mounted inside the centrfuge rotor tube, in order to isolate the
take-off chamber from the main separation chamoer and, in some cases. 10 assist the UFs gas
circulation within the main separation chambaer of the rotor tube. and manufactured from one of
the high strength to densty ratio materials described in the EXPLANATORY NOTE to this Section.

(@) Top caps/Bottom caps:

Disc-shaped components of between 7S mm (3 in) and 400 mm (16 in) diameter especially
designed or prepared to fit to the enas of the rotor tube, and so contain the UFs within the rotor
tube. and in some cases to Support. retain or contain as an integrated pan an siement 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 ratic materials described in the
EXPLANATORY NOTE to this Section. :

EXPLANATORY NOTE

The matenais used for centriiuge rotanng COMOONENts are:
(a) Maraging steel cagadte of an ulSmate tenie sTengtn of 2.08-10° N/m? (300.000 pw) or mare:
) Alumimum sloys casabie of an uitimate tensie stength ot 0.48-10° Nvm? (67.000 ) or more:
(¢} Filamenmary matenais sutabie 10 use N COMPOKte SUUCTUres ANG hawing a specrhc modulus of 12.3-1¢® m or
greater ana a soearfic uitmate tensiis strengtn ot 0.3-10* m or greater (‘Specrhc Modulus 18 the Young s MoQuius n
N/m? divigea Dy the specrhic weight in Avm*> 'Specrhe Ultmate Tenmie Stengtn i3 the urumate tensie swengtn in N/m*

divided by e spectfic weignt in N/m?).

Static components

(a) Magnetic suspension bearings:
Especially designed or prepared bearing assemblies consisting of an annuiar magnet suspended
within a housing containing a damping medium. The housing will be manufactured from a
UFe-resistant material (sse EXPLANATCRY 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 smalier or equal to 1.6 : 1. The
magnet may be in a form having an initial permeabillty of 0.15 H/m (120,000 in CGS untts) or
more. or a remanence of 98.5% or more. or an energy product of greater than 80 kJ/m
(107 Qauss-oersteds). In addition to the usual material properties. it is a prerequisite that the
deviation of the magnetic axes from the geometncal axes is limited to very small toierances (lower
than 0.1 mm) or that homogeneity of the matenal of the magnet is specially called for.

(b) Bearings/Dampers:

Especially designed or prepared bearings compnsing a pivotcup assembly mourted on a
damper. The pivot is normaily a hardened steel shaft polished into a hemisphers at one end with a
means of atachment 1o the bottom cap described in section S.1.1.(e) at the other. The shaft may
wm;mmmmm.mwummymampmma
indertation in one surface. These components ars often supplied separately ta the damper.

() - _Moleculsr pumps:
Especially designed or prepered cylinders having internaily mechined or extruded helical grooves
and infatnally machined bores. Typical dimensions are as follows: 78 mm (3 in) to 400 mm (16 in)
internal. diameter, 10 mm (0.4 in) or more wall thickness, ! 10 1 length to diameter ratio. The
Qrooves are typically rectanguiar in cross-section and 2 mm (0.08 in) or more in depth.

@) Motor stators:

Especially designed or prepared ring-shaped stators for high speed muitiphase AC hysterssis (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 mutti-phase windings on a
lamingted iow loss iron core comprised of thin layers typically 2.0 mm (0.08 in) thick or less.

Especisily mhod or prepared auxiliary systems, equipment and components for gas
centrifuge enrichment pilants
INTRODUCTORY NOTE

The auniiary systems. eawament and comoonents for & gas CeNUTIUGE ennaNMent plant /e the Systems of Diant
0000 t0 1900 UFe 10 the 0enintuges. 10 knk the NGMAUA CENTTIUGES 1O SN ONEr 10 oMM CASCAGES (OF Stages) 1o
iow 10r Drogrestively Mgner enNENMents and 10 SXWAL the Procuct’ and ‘tass’ UFq from the centniuges, together
W e SQUIOMENt rFEQUIFEA 1P ANVe the CENTTAIGES OF tO CONTTOI the plant.
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S.2.1.

5.2.2.

s5.2.3.

5.2.4.

$.3.

Normally UFe 13 eveporated from the sond uaing Nealdc autocisves and (3 distnbuted in gaseous torm to me
contriuges By way Of cascace header piosworx. The orocuct and tauis UFe gaseous sreams |Icwm% trom tne
confuges 56 30 PASSEA Dy way Of CASCICE NEAE DIDSwOIX 10 COIC TAOS (GPEratng a1 aAdout 203 K (-7C7C)) wnere
they are conGensec pnor 10 ONwarsd UANSter N0 SUNADIe coNtane’s 10r Tanspenaton or storage. Because an
snnchment PIant cona:sts of Many thousanas of centhuges arTangec in cascades thers we many ilometers of
C23CaCe NEAAN DIDEWOrk. INCOMDO/ADNG thousands Of weds with & suostanual amount of receaton of layout. The
sQuUIDMent. COMPONENts anad PIKING SYSteMs ase faDNCALEA 10 very MIGN vacuum and Cleaniness stancdarcs

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

Feed autociaves (or stations), used for passing UFs to the centrifuge cascades at up 10
100 kN/m? (15 psi) and at a rate of 1 kg/h or more;

Desublimers (or cold traps) used to remove UFa from the cascaces at up to 3 KkN/m?
(0.5 Ibllnz) pressure. The desublimers arv capable of being chilled to 203 K (-70°C) ana
heated to 343 K (70°C);

‘Product’ and Tails' stations used for trapping UFs into containers.

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

standarags.

Machine header piping systems
Especially designed or prepared piping systerns ang header systems for handling UFg wrtnin the
centrituge cascades. The piping network is normaily of the ‘tripie’ header system with eacn
centrifuge connected to each of the headers. There is thus a substantial amount of repetrion in its
form. It is wholly made of UFg-resistart materiais (see EXPLANATORY NOTE !0 this section) and is
fabricated to very high vacuum and cleaniiness stangarcs.

UFs mass spectrometers/ion sources

Especiaily designed or prepared magnetic or quadrupole mass spectrometers capabie of taking
‘ondine’ sampies of feed, product or tails. from UFs gas streams and having ail of the following

characteristics:

1. Unit resolution for mass greater than 320:

2 lon sources constructed of or lineg with nichrome or monei or nickel plated:
3. Electron bombardment ionization sources:

4 Having a collector system surtable for 1sotopic analysis.

Frequency changers

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

1. A muitiphase output of 800 to 2000 Hz;

2. High stability (with frequency controi better than 0.1%);

3. Low harmonic distortion (less than 2%); and

4. An efficiency of greater than 80%.

EXPLANATORY NOTE:

The tems listed above enther come into direct contact with the UFe process gas o directly control the centrnfuges and
e passags of e gas from ceneTiuge to CeNTTUGe ANG CAICARS 10 CASCATS.

Mstonais remstant t0 corrosion Dy UFs inCluce stauniess Steel. SlUMInem, alumsnum alioys. nickel or alloys containing

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

INTRODUCTORY NOTE

n the gasecus diffusion MEMod of uraMmuM 1SCTI0OE SEOEEDON. the MAN ECANCIGHICAl assemOly 18 4 $peciA!l DOrous
Q8380uUs GIffuION DAMSr. NESt EXONANGE 1Or COONNG the QAS IWNICh 18 Nested Dy the orocess of cormoression). sea
VaIVeS NG CONTD! vAIVes. aNd DIDSNNES. INSSMUCN 83 JRSE0US GHffUMON 1SCNNOIOGY USes uranuM nexafiuonae (UFs).
ail SQUISMENt, DIDSRNG ANG MSTUMSMATON NTSCES (NS COMS 1N CONMACT with e Gas) Must Be Made of Matenais
that remain NBDIS M CONAct with UFs. A gessous arffumon facility requxes s NUMDer Of MESe ASSOMDIES. 30 AL
GUANTIIES Can DroVICe AN IMPOMTANt INGICATON Ot eNC use.
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Gaseous diffusion barriers

(a) Especially designed or prepared thin, porous fiters, with a pore size of
100-1,000 A (angstroms), a thickness of S mm or less. and for tubuiar forms, a diameter of
25 mm or less. made of metallic. polymer or ceramic materials resistant to corrosion by
UFs, and

(b) especially prepared compounds or powders for the manufactyre of such filters. Such
compounds and powders inciude nicket or alloys containing 60 per cent or more nickel.
aluminium oxide, or UFg-resistant fully luorinated hyarocarbon polymers having a purty
of 99.9 per cent or more. a particle sizs less than 10 microns. and a high degree of
particle size uniformity, which are especially prepared for the manutacture of gaseous
gdiffusion barriers.

Diftuser housings

Especially designed or prepared hermeticaily sealed cylindrical vessels greater than 300 mm in
diameter and greater than 900 mm in length, or rectanguiar vesseis of comparable dimensions.
which have an iniet connection and two outiet connections all of which are greater than S0 mm in
diameter, for comaining the gaseous diffusion barrier, mace of or lined with UFs-resistant
materiais and designed for honzontal or vertical installation.

Comprassors and gas biowers

Especially designed or prepared axial. centrifugal, or positivé dispiacement compressors. or gas
biowers with a suction volume caoacn! of 1 m%min or more of UFs. and with a discharge
pressurs of up to several hundred kN/m* (100 psi), designed for iong-term operation in the UFgs
environment with or without an electricas motor of appropriate power. as well as separate
assemblies of such compressors and gas blowers. These compressors and gas biowers have a
prassure ratio between 2:1 and 8:1 and are mads of, or lined with, maternals resistant to UFs.

Rotary shaft sesis

Especially designed or prepared vacuum seals. with seal feed and seal exhaust connsctions. for
sealing the shaift connecting the compressor or the gas blower rotor with the driver motor so as 10
ensure a reliable seal against indeaxing of air into the inner chamber of the compressor or gas
blower which is filled with UFs. Such seais are normally designed for a buffer gas in-leakage rate
of less than 1000 cm>/min.

Hest exchangers for cooling UFg

Especially designed or prepared heat exchangers made of or lined with UFgs-resistant materiais
(except stainiess steel) or with copper or any compination of thoss maetais. and imended for a
leakage pressure change rate of less than 10 N/m? (0.0015 pei) per hour under a pressurs
diflerence of 100 kN/m? (15 pei).

&miwwm«mwamm.mmmaMWWmm

CES08008 (Of SIGes) 10 AlOw 10r Progressvely NGher SANERMENtS and 10 SxXTact e “Product” and “tails” UFy from the
Affueon ¢a56800¢. Bocause of he MON NErsal Properses of GIfuBON CASCE0SS. ANy INTEITUDRSN IN NHer 0OEration. ana
0EPOCIally oW SNU-COWN. 10808 10 3ONCUS CONSEQUEnces. Thersfare, & SNGL and CONMANT MANTSNANCS Of VAGUUM n
SYSISMS, SUIOMENC DrocEON WOIM SONGENts. aNd DreGise AUIBMAING reguistion of the gas flow s ot
IMPONance v & gassous diffumon plant. Al loads 10 8 Need 10 SQup e plant wih & large number of specias
MOSSUNNG, reQUIAENG anG CONTONING Systems.
OyNNders DIaced withwn autOCISvVes Gnd is GistNDUed N QASEOUS form tO the enty
pouTt By way Of CRSCA0e Neader ipewornt. The "Procuct” and “tais° UFe gasecus sreams fIOwWNg from et DOINts are
PESSSd Dy way Of CECRGE NGSGEr PIDOWOrR 10 SrTher ¢OId TADS Of 10 COMEresMONn NaNoNs where the UFs gas s
PNOY 10 ONMWAErG TaNSer N0 SuADI9 COMMNErs 1Or YENSOONAToNn o sorage. Because & gaseous diftuson

!
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{

lsyout. The saupment, components m'mg SyStems ae 1aDNCATEd 0 very NGN VEACUUM and CISANINEss NANGAras.
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5.4.1,

$.4.2.

$.4.3.

5.4.4.

5.4.5.

Feed systems/product and tails withdrawali systems
Especially designed or prepared process systems. capable of operaung at pressures of

300 kN/m? (45 1b/in®) or less. inciuging:
Feed autociaves (Or systems), used for passing UFs to the gaseous diffusion cascaaes:

Desublimers (or cold traps) used to remove UFg from diffusion cascades:

Liquefaction stations where UFg gas from the cascade is compressed and cooled tc form

liquigd UFs;
"Proguct® or “tails* stations used for transterring UFg intc containers.

Header piping systems
Especially designed or prepared piping systems and header systems for hanaling UFg within the
gaseous diffusion cascades. This piping networx is normaily of the "doubie” heager system with
each cell connected to each of the heagers.

Vacuum systems
(a) Especially designed or prepared large vacuum manrfolds. vacuum neaders and vacuum

pumps having a suction capactty ot 5 m*'min or more.

(b} Vacuum pumps especially designed for service in UFs-bearing atmosoneres made of. or
lined with, aluminium, nickei. or alloys bearing more than 60% nickel. These pumos may
be ether rotary or positive. may have dispracement and fluorocarbon seals. ang may have

special working fluids present.

Special shut-off and control vaives

Especially designed or prepared manual or automated shut-off and control bellows vaives mage of
UFs-resistant materials with a diameter of 40 10 1500 mm for instalianon in mamn anc auxtiary

systems of gaseous diffusion enrichment ptams

UFgs mass spectrometers/ion sources

Especiailv designed or prepared magnetic or quacrupole mass spectrometers capatie of taking
“on-ine ' sampies of faed. proguct or tais. from UFg gas streams and having all of the following

charactenstics:

1. Un1t resolution for mass greater than 320

2. ion sources constructed of or lined wnth nicnrome or monel or nickel piated:
3. Electron bombardment ionization sources:

4, Collector system suntabie for 18OtOpPIC analysis.

EXPLANATORY NOTE

The temns ksted above ether Come MO Jirect COMAct with he UFg process gas or directy conrol the How within he
cazcade. Al surfacss wiwah COMe MO COMAS with the DrOCess gas e wholly made of. o ined win. UFeremstam
matenais. For the purposes of e 9CEONS rAIEBNG 10 §ASEOUS GiifuSION teMs e MATENAS ANSANT 10 COMONON Dy
UFs NCIUGe SINIens S1001. AUMIIUM, SNTUNMUM aNOYS. AuMIuMm Gde., Mckel O alloys contaiming 60% or more
nigke! ang UFevemsant fully fuonnated Nyarocanon Doymers.

Jet nozzie separation units

Yortex separstion units

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

The Origins

1. The origins of the Zangger Committee, also known as the
Nuclear Exporters' Committee, sprang from Article III2. of the
Treaty on the Non-Proliferation of Nuclear Weapons (NPT) which
entered into force on S March 1970. Under the terms of Article
III2:

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

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

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

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

3. The group, which came to be known as the "Zangger
Committee”, decided that its status was informal, and that its
decisions would not be legally binding upon its members.
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The Rules of the Game - INFCIRC/209 Series

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

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

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

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

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

The "Trigger List"”

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

Trigger List "Clarification”

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

= In November 1977 the clarificat‘ons contained in the
Trigger List Annex were updated to bring them into
conformity with those of INFCIRC/254. HoweVver, three
member States (Belgium, Italy and Switzerland) expressed
the reserve that, in their opinion, the new item "Plants
for the production of heavy water, deuterium and
deuterium compounds and equipment especially designed or
prepared therefor" (2.6.1) did not fall within
the legal scope of Article I1I.2.(b) of the NPT and
would entail an implicit modification of it.
Accordingly, they made it clear that they would act on
this item on the basis of their commitments under the
Nuclear Suppliers' Guidelines.

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

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

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

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

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

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

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

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

Membership

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

AUSTRALIA

AUSTRIA

BELGIUM

CANADA

CZECHOSLOVAKIA

DENMARK

FINLAND

GERMAN DEMOCRATIC REPUBLIC
FEDERAL REPUBLIC OF GERMANY
GREECE

HUNGARY

IRELAND

ITALY

JAPAN

LUXEMBOURG

NETHERLANDS

NORWAY

POLAND

SWEDEN

SWITZERLAND

UNITED KINGDOM

UNITED STATES OF AMERICA
UNION OF SOVIET SOCIALIST REPUBLICS

Chairman

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

VIENNA

July 1990
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Annex II

\ | INF

1/ INFCIRC/254/Rev.1/Part 1%/
D L July 1992

International Atomic Energy Agency GENERAL Distr.
Original: ENGLISH

INFORMATION CIRCULAR and  FRENCH

COMMUNICATIONS RECEIVED FROM CERTAIN MEMBER STATES

REGARDING GUIDELINES FOR THE EXPORT OF NUCLEAR

MATERIAL, EQUIPMENT AND TECHNOLOGY

Nuclear Transfers

1. The Director General has received notes verbales dated 1 June 1992 from
the Resident Representatives to the Agency of Australia, Austria, Belgium,
Bulgaria, Canada, Czech and Slovak Federal Republic, Denmark, Finland, France,
Germany, Greece, Hungary, lIreland, Italy, Japan, Luxembourg, Netherlands,
Norway, Poland, Portugal, Romania, Spain, Sweden, Switzerland, the United
Kingdom of Great Britain and Northern Ireland, and the United States of

America relating to the export of nuclear material, equipment or technology.

2. The purpose of the notes verbales is to clarify parts of the Trigger List
which is incorporated in the Annex A to the Guidelines for Nuclear Transfers.
A new part A of the Annex A and a revised Annex to it (new Annex B) have been

incorporated in the Guidelines.

3. In the light of the wish expressed at the end of each note verbale, the

text of the notes verbales is annexed hereto.
*/ INFCIRC/254/Rev.l/Part 2 contains Guidelines for Transfers of
Nuclear-related Dual-use Equipment, Material and related Technology.

4486225
92-02689
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NOTE VERBALE

The Permanent Mission of [(Member State] tc the International Atomic
Energy Agency presents its compliments to the Director General of the
international Atomic Energy Agency and has tne honour to refer to its letter
of [date of previous communication]} in which the Government of [Member State]
announced its decision to act in accordance with the guidelines for nuclear

transfers annexed to that letter.

The Government of [Member Statel has implemented these guidelines
accordingly and hopes that other Governments, who have not yet done so, may

decide to base their own nuclear export policies upon the guidelines.

As a member of the Europearn Community, the Government of [Member State]
has implemented these guidelines in accordance with the Declaration of Common
Policy, communicated by the Resident Representative of Italy on behalf of the
European Community, in his letter of 22 March 1985. The Government of [Member
State) hopes that other governments, who have not yet done so, may decide to

* N
base their own nuclear export policies upon the said guidelines.—

In the aforementioned letter the Government of [Member State] pointed out

the need to remove safeguards and non-proliferation assurances from the field

of commercial competition. This need still exists.

**/ Paragraph in the notes verbales from the members of the European
Community used in place of the second paragraph above.

/oo
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In the years since the guidelines were formulated and published in
INFCIRC/254 developments in nuclear technology have brought about the need
further to clarify parts of the trigger list which is incorporated in Annex A
to the guidelines. 1In the interest of clarity the resultant new Part A of the
Annex A and a revised Annex to it (new Annex B) have been incorporated in the

attached copy of the complete guidelines.

The Government of [Member State) requests that the Director General of
the International Atomic Energy Agency should circulate the texts of this note
and its enclosure to all member governments for their information and as a
demonstration of support by the Government of [Member State] for the Agency's

non-proliferation objectives and safeguards activities.
The Permanent Mission of [Member State] avails itself of this opportunity

to renew to the Director General of the Internaticnal Atomic Energy Agency the

assurances of jits highest considerat:iun.

[ee.
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GUIDELINES FOR NUCLEAR TRANSFERS

1. The following fundamental pnnciples for safeguards and export controls should apply to
nuclear transfers to any non-nuclear-weapon State for peacefui purposes. in this connection,
suppliers have defined an export trigger #ist and agreed on common criteria for technology
transfers.

Prohibition on nuclear explosives

2. Suppliers should authonze transter of tems identified in the Irigger list only upon formal
governmental assurances from recipients explicitly excluding uses which would result in any
nuclear explosive device.

Physical protection

3. (a) All nuciear materials and facilities \dentified by the agreed trigger list should be placed
under etfective physical protection to prevent unauthorized use and handiing. The
levels of physical protection to be ensured in relation to the type of materials,
equipment and facilities, have been agreed by suppliers, taking account of
international recommendations

(b) The implementation of measures of physical protection in the recipient country is the
responsibility of the Government of that country. However, in order to implement the
terms agreed upon amongst suppliers, the levels of physical protection on which these
measures have to be based shouid be the subject of an agreement between supplier
ang recipient.

(c) In each case special arrangements shouid be made for a clear definition of
responsibilities for the transport of trigger list tems.

Safeguards

4. Suppliers should transter trigger list items only when covered by IAEA safeguards, with
duration and coverage provisions in conformance wiih the GGV/1621 guidelines. Exceptions
shouid be made only after consuitation with the parties to this understanding.

5. Suppliers will jointly reconsider thew common safequards requirements, whenever
appropriate.

Safeguards triggered by the transfer of certain technology

6. (a) The requirements of paragraphs 2. 3 and 4 above shouid aiso apply to facilities for
reprocessing, enrichment, or heavy-water production, utilizing technoiogy directly
transterred by the supplier or denved from transferred facilities, or major criticat
components thereof.

(b) The transter of such faciities, or major cntical components thereof, or related
technology, should require an undertaking (1} that IAEA safeguards apply to any
facilities of the same type (i.e. it the design, construction or operating processes are
based on the same or similar physical cr chemical processes, as defined in the trigger
list) constructed during an agreed period in the recipient country and (2) that there
shouid at ali times be in effect a sateguards agreement permitting the IAEA to apply
Agency safeguards with respect to such facilities identitied by the recipient, or by the
supplier in consultation with the recipient, as using transferred technology.

[onn
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Special controls on sensitive exports
7. Suppliers should exercise restraint 1n the transtfer ot sensitive facilities, technology and

weapons-usable matenais. If ennichment or reprocessing facilities, equipment or technology
are to be transterred, suppliers should encourage recipients to accept, as an altemative to
national piants, supplier involvement and/or other appropriate multinational participation in
resulting tacilities. Suppliers shouid also promote intemational (incluaing IAEA) activities
concerned with muiltinational regional fuel cycle centres.

Special controts on export of enrichment facilities, equipment and technology

8. For a transfer of an enrichment facility, or technology therefor, the recipient nation should
agree that neither the transferred facility, nor any tacility based on such technology, wili be
designed or operated for the production of greater than 20 % enriched uranium without the
consent of the supplier nation, of which the IAEA should be advised.

Controls on supplied or derived weapons-usable material

9. Suppliers recognize the importance, in order to advance the objectives of these guidelines
and to provide opportunities further to reduce the risks of proliferation, of including in
agreements on supply of nuclear materiais or of facilities which produce weapons-usable
matenal, provisions calling for mutual agreement between the supplier and the recipient on
arrangements for reprocessing, storage, alteration, use, transfer or retransfer of any
weapons-usable material invoived. Suppliers should endeavour to include such provisions
whenever appropriate and practicable.

Controls on retransfer

10. (@) Suppliers shouid transfer trigger list items, including technology defined under
paragraph 6, only upon the recipient's assurance that in the case of:

{1) retranster of such items.
or

(2) transfer of trigger list tems denved from facilities originally transferred by the
supplier, or with the help of equipment or technology originally transferred by

the supplier;

the recipient of the retransfer or transfer will have provided the same assurances as
those required by the supplier tor the onginal transfer.

(b) in aadition the supplier's consent shouid be required for: (1) any retransfer of the
facilities, major critical components, or technology described in paragraph 6; (2) any

transfer of facilities or major critical components derived from those items; (3) any
retranster of heavy water or weapons-usable matenal.

SUPPORTING ACTIVITIES
Physical security
11.  Supptiers should promote intemational co-operation on the exchange of physical security
information, protection of nuclear matenals in transit, and recovery of stoten ruclear materials
and equipment.

Support for effective IAEA safeguards

12.  Suppliers should make special efforts in support of effective implementation of IAEA
safeguards. Suppliers should also suppor the Agency's efforts to assist Member States in

/.-
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the improvement of their national systems of accounting and control of nuclear matenat ang
to increase the technical effectiveness of satequards.

Similarly, they should make every effort to support the IAEA in increasing further the
adequacy of safeguards in the light of technical developments and the rapidly growing
number of nuclear facilities, and to suppor appropriate initiatives aimed at improving the
effectiveness of |AEA safeguards.

Sensitive plant design features

13.

Suppliers should encourage the designers and makers of sensitive equipment to construct
it in such a way as to facilitate the application of sateguards.

Consutitations

14.

15.

16.

(a)

(b)

Suppliers should maintain contact and consult through reguiar channels on matters
connected with the implementation of these guidelines.

Suppliers should consult, as each deems appropriate, with other Governments
concerned on specific sensitive cases, to ensure that any transfer does not contnbute
to risks of conflict or instability.

In the event that one or more suppliers believe that there has been a violation of
supplier/recipient understandings resulting from these guidelines, particularly in the
case of an explosion of a nuciear device, or illegal termination or violation of IAEA
safeguards by a recipient, suppliers should consuit promptly through diplomatic
channeis in order to determine and assess the reality and extent of the alleged
violation.

Pending the early outcome of such consuitations, suppliers will not act in a manner
that could prejudice any measure that may be adopted by other suppliers concerning
their current contacts with that reciptent.

Upan the findings of such consultations, the suppliers. bearing in mind Article X! of
the IAEA Statute, should agree cn an appropriate response and possible action which
could include the termination of nuctear transtfers to that recipient.

In considering transfers, each suppilier should exercise prudence having regard to all the
circumstances of each case, including any risk that technology transfers not covered by
paragraph 6. or subsequent retransters, might resuit in unsafeguarded nuclear materials.

Unanimous consent is required for any changes in these guidelines, including any which
might result from the reconsideration mentioned in paragraph 5.
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ANNEX A
TRIGGER LIST REFERRED TO IN GUIDELINES

PART A 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
matenal as the Board of Governors shall from time to time determine.

1.2. "Special fissionable material”

i) The term “special fissionable matenal” means piutonium-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 matenal.

ii) 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.

Howaever, 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 plutenium-228 axcesding 8C%.

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

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

(b) Special fissionable material 50 eftective grams;
Natural uranium 500 kilograms:
Depleted uranium 1 000 kilograms; and
Thorium 1 000 kilograms.

Jonn
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2.

2.1.
2.2,

2.3.

2.4.

2.5.

2.6.

(2)

(4)

Equipment and Non-nuclear Materials

The designation of items of equipment and non-nuclear matenals (hereafter 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 tor practical purposes):

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

Plants for the reprocessing of iradiated fuel elements, and equipment especiaily
designed or prepared therefor (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.).

PART B m iteria for nol n
paragraph 6 of 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 penodicals, or that which has been made
available intemationalily without restrictions upon its turther dissemination.

"Major critical components” are:

(a) in the case of an isotope separation piart of the gas centrifuge type: gas centrifuge
assemblies, corosion-restsiant 1o UF,

(b) in the case of an isotope separation piant of the gaseous diffusion type: diffusion barrier;
(c) in the case of an isotope separation plant of the jet nozzle type: the ngzzle units:
(d) in the case of an isotope separation piant ot the vortex type: the yvotex units.

For tacilities 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 transter should be deemed to be a transter of
“facilities or major critical components thereot".

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

For the purposes of implementing paragraph 6 ot the Guidelines, the following facilities should be
deemed to be "of the same type (i.e. if their design, construction or operating processes are based
on the same or similar physical ar chemical processes)™
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Where the technology transterred is
such as to make possible the construction
in the recipient State of a faciity of
the following type, or major cntical The tollowing wiil be deemed to be facilities

components thereof: of the same type:

(a) an isotope separation plant of the
gaseous diffusion type ................ .. . any otherisotope separation plant using the
gaseous diffusion process.

(b) an isotope separation plant of the

gas centrifuge type ........................... any other isotope separation ptant using the
gas centrifuge process.

(c) an isotope separation plant of the jet
NOZZIB tyPe ....cceevveeeeeieieee e any other isotope separation plant using the
jet nozzle process.

(d) an isotope separation plant of the
VOIReX tYPe .....coeenemiiiiiiiiiiiieeeeee any other isotope separation piant using the
vortex process.

(e} a fuel 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 ........................ any other heavy water plant using the
exchange process.

(9) a heavy water plant using the
electrolytic process ....... ... R any other heavy water plant using the
electrolytic process.

(h) a heavy 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 facilities whose design,
construction, or operation processes ara 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.

(6)  The reference in paragraph 6(b) of the Guidelines to “any facilities 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 transter
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 sateguards imposed or the duration of the right to identify
facilities as being constructed or operated on the basis of or by the use of transferred technology
in accordance with paragraph 6(b)(2) of the Guidelines.
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1.1

1.2

1.3.

1.4.

ANNEX B
CLARIFICATION OF ITEMS ON THE TRIGGER LST
(as designated in Section 2 of Part A of Annex A)

Reactors and equipment therefor
Complete nuciear reactors

Nuclear reactors capable of operation so as to maintain a controlied 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“nuclear reactor” basically includes the items within or attached directly to the reactor vessai. the equipment which controls
the levei of power in the core, and the components which normailly contain or come in direct contact with or control the
primary coolant of the reactor core.

itis notintended to exciude reactors which could reasonably be capabie of modification to produce sigh‘rﬁanny more than
100 grams of plutonium per year. Reactors designed for sustained operabon at significant power levels, regardiess of their
capaaity for plutonium production, are not considered as "zero energy reactors”.

EXPORTS

The export of the whole set of major items within this boundary wiil take place only in accordance with the procedures of
the Guideiines. Those individual items within this functionally defined boundary which will be exported only in accordance
with the procedures of the Guidelines are listed in paragraphs 1.2. to 1.7. The Government reserves the right to apply the
procedures of the Guidelines to other items within the tunctionaily defined boundary.

Reactor pressure vessels

Metal vessels. as complete units or as major shop-tabncated 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 capabie of withstanding the operating pressure of the pritnary coolant.

EXPLANATORY NOTE
A top plate for a reactor pressure vessal is covered by tem 1.2. as a major shop-fabricated part of a pressure vessal.

Reactwor internais (eg support columns and plates for the core and other vessel intemais, control rod guide tubes. thermal
shiside, baffles, core grid plates, diffuser plates, etc.) are normally supplied by the reactor supplier. In some cases, certain
intemal support components are incliuded in the fabricacon of the pressure vessal. These items are sufficienty critical o
the safety and reliability of the operation of the reactor (and. therefore, to the guarantees and kability of the reactor suppiier),
so that their supply, outside the basic supply arrangement for the reactor itseif, would not be common practics. Therefore,
although the separate supply of these unique, especially designed and prepared, critical, large and sxpensive itsms would
not necessarily be consdered as talling outside the area ot concem, such a mode of supply is considered unlikaly.

Reactor fuel charging and discharging machines

Manipulative equipment especially designed or prepareo for inserting or removing fuel in a nuclear
reactor as defined in paragraph 1.1. above capable ot on-load operation ar employing technically
sophisticated positioning or atignment features 1o allow compiex off-load fuelling operations such
as those in which direct viewing of or access to the fuel is not normally available.

Reactor control rods

Rods especially designed or prepared for the contro! of the reaction rate in a nuUclear reactor as
detined in paragraph 1.1. above

EXPLANATORY NOTE

This item includes. in addition o the neutron absoroing part. the suppon of suspension structures therefor # suppbed
separately.

/..
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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 excass of 5.1 MPa
(740 psi).

Zirconium tubes

Zirconium metal and alloys in the form of tubes or assembilies of tubes, and in quantities exceeding
500 kg in any peniod 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 liquid metal as primary coolant for nuclear
reactors as defined in paragraph 1.1. above.

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 nuciear 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.

Plants for the reprocessing of irradiated fuel elements, and equipment
especially designed or prepared therefor

INTRODUCTORY NOTE

Reprocessing irradiated nuciear tusi separates plutonium and uranium from intensely radicactive fission products and other
transuranic siements. Differsnt technical processes can accomplish this separation. Howaver, over the years Purex has
become the most commonly used and accepted process. Purex invoives the dissoltion of irradiated nuciear fuel in nitric
acid, followed by separaton of the uranium, piutonium, and fission products by solvent extraction using a mixasre of tributyt
phosphats in an organic diluent.

Purex facilites have process functons similar to sach other, including: irradiated fuel element chopping, fuel dissolution,
solvert extraction, and process liquor storage. There may also be equipment for thermal denitration of uranium nitrase,
conversion of plutonium nitrats to oxide or metal, and treatment of fission product waste liquor to a form suitable for long
term storage or disposal. However, the specific type and configuration of the equipment performing these functions may
differ between Purex facilities for several reasons, including the type and quantity of iradiated nuciear tuel to be reprocessed
and the intended disposition of the recovered mateniais, and the safety and maintsnance philosophy incorparated into the
design of the facility.

A “plant for the reprocessing of iradiated fuel slements®, includes the equipment and components which normaily come
in direct contact with and directly control the irradiated fuel and the major nuclear materiai and fissiorrproduct processing
streams.

These processes, including the compiets systems for ptonium conversion and plutonium metal producton, may be idsntfied

by the measures taken to avoid critcality (eg by geometry), radiation exposure (eg by shieiding), and toxicity hazards (eg
by containment).

/-
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3.1

.2

3.3.

3.4.

EXPORTS

The export of the whole sat of major itams within this boundary wii take place only in accordance with the procedures of
the Guidelines.

The Government reserves to itself the right to apply the procedures of the Guideknes to other itams within the functionalty
defined boundary as ksted below.

items of equipment that are considered to fall within the meaning of the phrase "and equipment
espacially 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 imadiated nuclear material to dissolution. Especially designed
metal cutting shears are the most commonly empioyed, aithough 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.

Dissoivers

INTRODUCTORY NOTE

Dissotvers normaily receive the chopped-up spent fuel. In thess critically safe vessels, the iradiated nuclear material is
dissolved in nitric acid and the remaining hulls removed from the process stream.

Critically sate tanks (eg small diameter, annular or stab tanks) especially designed or prepared
for usa in a reprocessing piant 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 maintained.

Solvent extractors and solvent extraction equipment

INTRODUCTORY NOTE

Solvent extractors both receive the soiution of iradiated fuel from the dissoivers and the organic solution which separates
the uranium, plutonium, and fission products. Solvent extraction equipment is nomaily designed 10 meet strict operating
parmmeters, such as long operating etimes with no mainenance requirements or adaptability 10 sasy replacement, simpiicity
of operation and control, and flaxibdity for vanations in process conitions.

Especially designed or prepared solvent extractors such as packed or pulse columns, mixer settlers
or centrifugal contactors for use in a ptant for the reprocessing of irradiated fuel. Solvent extractors
must be resistant to the comosive effect of nitric acid. Solvent extractors are normally fabricated
to extremely high standards (including speciat welding and inspection and quality assurance and
quality control techniques) out of low carbon stainless steels, titanium, zirconium, or other high
quality matenals.

Chemicai holding or storage vessels

INTRODUCTORY NOTE

Three main procass liquor streams result from the solvent extraction step. Holding of storage vessels are used in the further
processing of all three streams, as tollows:

(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 mn the nuclear fuel cycle.

(] The intensaly radioactive fission products solution is normaily concentrated by evaporation and stored as a liquor
concentrats. This concentrate may be subsaquenty evaporated and converted 1o a form suitable for storage or
disposal.

(c) The pure plutonium nitrate solution is concentrated and stored pending its transfer 10 further process stps. in

parscular, hoiding or storage vessels o7 plutonium solutions are designed to avoid criticality problems resutting
from changes in concentraton and form of this stream.
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Especially designed or prepared hoiding or storage vessels tor 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 fabncated of matenals such as low carbon
stainless 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:

()] walls or intemal 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.

Plutonium nitrate to oxide conversion system

INTRODUCTORY NOTE

Inmost reprocessing facilities, this final process involves the conversion of the plutonium nitrats solution to plutonium dioxide.
The main functions involved in this process are:

process feed storags and adjustment, precipitation and solidliquor separation, calcination, product handiing, 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 avord criticality and radiation effects and to minimize
toxicity hazards.

Plutonium oxide to metal production system

INTRODUCTORY NOTE

This process, which could be related 10 a reprocessing facility, invoives the fiuorination ot piutonium dioxide, normally with
highly corrosive hydrogen fiuoride, to produce plutorium fluoride which is subsequently reduced using high purity calcium
metal to produce metallic plutonium and a calcium flucnde slag. The main functions involved in this process are: fluorination
(eg involving equipment fabricated or kned with a precious metal), metal reduction (eg employing ceramic crucibles), slag
recovery, product handling, ventilation, waste management and process control.

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

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

(a) Which normally comes indirect 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 whote set of items for the foregoing operations will take place only in accordance with the procedures
of the Guidelines. The Governmentwit also give consideraton to application of the procedures of the Guidelines to individual
items intended for any of the foregoing operatons, as wel as for other tuel fabrication operations such as checking the
integrity of the cladding or the seal, and the finishing treatment of the sealed fuel.

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

{tems of equipment that are considered to fall within the meaning of the phrase “equipment, other
than analytical instruments, especially designed or prepared” for the separation of isotopes of
uranium inctude:

/...
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5.1,

5.1.1.

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

INTRODUCTORY NOTE

The gas centrifuge normaliy consists of a thin-walled cylinder(s) of batween 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 m/s of more with its central axis
vertical. In order % achieve high speed the materials of construction for the rotating components have to be of a high strength
to density ratio and the rotor assembly, and hence its individual components, have ©© be manufactured to very close
tolerances in order to minimize the unbalance. in contrast 10 other centrifuges, the gas centrifuge for uranium enrichment
is characterized by having within the rotor chamber a rotating disc-shaped baffle(s) and a stationary tube arangsment for
feeding and extracting the UF, gas and featuring at least 3 separae channets, of which 2 are connected 1 5c0ops extending
from the rotor axis towards the periphery of the rotor chamber. Also contained within the vacuum enviconment are a number
ot critical itams which do not rotate and which although they are especially designed are not difficult to fabricate nor are
they fabricated out of unique materiais. A centrifuge facility however requires a large number of these components, so that
quantiies can provide an important indication of end use.

Rotating components

(a) Complete rotor assemblies:

Thin-walled cylinders, or a number of interconnected thin-walled cylinders, manufactured from one
of the high strength to density ratio matenals described in the EXPLANATORY NOTE to this Section;
If interconnected, the cylinders are joined together by flexible bellows or rings as described in
section 5.1.1.(c) following. The rotor is fitted with an intemal baffle(s) and end caps, as described
in section 5.1.1.(d) and (e) following, if in final form. However the complete assembly may be
delivered only partly assembled.

(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 of the high
strength to density ratio matenals described 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 1s a short cylinder of wall thickness 3 mm (0.12 in)
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 especiaily
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.

()  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 support, 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 manutactured from one of the high strength to density ratio materials described in the
EXPLANATORY NOTE to this Section.

EXPLANATORY NOTE

The materials used for centrifuge rotating components are:

(a) Maraging steel capable ot an ultimate tensie strength ot 2.05- 10° N/m? (300,000 psi) or more;

(b) Aluminium alioys capabile of an ultimate tensie strength of 0.46- 10* Nim? (67,000 psi) or more;

(<] Filamentary materiais suitable for use in composite structures and having a specific modulus of 12.3- 10°mor
greater and a specific ultimate tensile strength of 0.3:  10° m or greater (‘Specific Moduius' is the Young's Modulus
in Nim? divided by the specific weight in NAm?; ‘Specific Uttimate Tensile Strength' is the ultimate tensile strength
in N/m? divided by the specific weight in N/m?).

/oo
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Static components

(a) Magnetic suspension bearings:

Especially designed or prepared bearing assemblies consisting of an annular magnet suspended
within a housing containing a damping medium. The housing will be manufactured from a 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 fhagnet may be ring-
shaped with a relation between outer and inner diameter smailer or equal to 1.6:1. The magnet
may be in a form having an initial permeability of 0.15 H/m (120,000 in CGS units) or more, or a
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 cailled for.

(b) Bearings/Dampers:

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

(c) Molecular pumps:

Especially designed or prepared cylinders having intemally machined or extruded helical grooves
and intemnalty machined bores. Typical dimensions are as follows: 75 mm (3 in) to 400 mm (16 in)
intemal diameter, 10 mm (0.4 in) or more wall thickness, 1 to 1 length to diameter ratio. 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 muiti-phase windings on a
laminated low loss iron care comprised of thin tayers typically 2.0 mm (0.08 in) thick or less.

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

INTRODUCTORY NOTE

The auxiliary sysssms, equipment and components for a gas centrifuge enfichment plant are the systems of plant needed
to feed UF, to the centrifuges, t link the individual centrifuges © each other o form cascades (or stages) to allow for
progressively hicher enrichrments and th extract the ‘product and Tails’ UF, from the centrifuges, together with the equipment
required 1o drive the centrifuges or to control the plant.

Normaily UF, is evaporated from the solid using heated autoclaves and Is distributed in gaseous form 1o the centrifuges
by way of cascade header pipewori. The ‘product’ and ‘tails' UF, gaseous streams flowing from the centrifuges are aiso
passed by way of cascade header pipework © cold traps (operating at about 203 K (-70°C)) where they are condensad
prior to onward transter into suitable containers for transportation or storage. Because an enrichment plant consists of many
thousands of centrifuges aranged in cascades there are many kilometers of cascade header pipework, incorporating
thousands of weids with a substantal amount of repetition of layout. The equipment, components and piping systems are
tabricated to very high vacuum and cleankiness standards. '

Feed systems/product and tails withdrawal systems

Especially 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 matenails (see
EXPLANATORY NOTE to this section) and is fabricated to very high vacuum and cleanliness standards.

[een
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5.2.2.

5.2.3.

5.2.4.

5.3.

5.3.1.

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 to each of the headers. There is thus a substantial amount of repetition in
its form. [t is wholly made ot UF,-resistant materiais (see EXPLANATORY NOTE to this section) and
is fabricated to very high vacuum and cleaniiness standards.

UF, mass spectrometers/ion sources
Especially designed or prepared magnetic or quadrupole mass spectrometers capable of taking

‘'on-ling' samples of feed, product or tails, from UF¢ 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 nicke! plated;
3. Electron bombardment ionization sources;

4. Having a collector system suitable for isotopic analysis.

Frequency changers

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

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%.

EXPLANATORY NOTE

The itams listed above either come into direct contact with the UF, process gas or directly control the centrifuges and the
passage of the gas from centnfuge to centrifuge and cascade o cascade.

Materials resistant to commosion by UF, include stainiess steet, aluminium, aluminium alloys, nicket or alioys containing 60%
or more nickel.

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

INTRODUCTORY NOTE

Inthe gasecus diffusion method of uranium isotope sezzration, the main technolegicalazeembly iz a special porous gaseous
ditfusion barrier, heat exchanger for cooling the gas (which is heated by the process of comprassion), seal vaives and control
vaives, and pipelines. inasmuch as gaseous diffusion echnology usas uranium hexafluoride (UF,), all squipment, pipeiine
and instrumentation surtaces (that come in cortact with the gas) must be made of materials that remain stable in contact
with UF,. A gaseous diffusion faciity requires a number of these assemblies, so that quanties can provide an important
indication of end usae.

Gaseous diffusion barmmers

(a) Especially designed or prepared thin, porous tilters, with a pore size of 100 - 1,000 A
(angstroms), a thickness of 5mm (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 UF,,
and

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

/.-
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Diffuser housings

Especially designed or prepared hermetically sealed cylindrical vessels greater than 300 mm (12 in)
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 diffusion barrier, made of or lined with
UF-resistant materials and designed for honzontal or vertical 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 seais, with seal feed and seal exhaust connections, for
sealing the shaft connecting the compressor or the gas blower rotor with the driver motor so as
to ensure a reliable seal against in-ieaking of air into the inner chamber of the compressor or gas
blower which is filled with UF,. Such seals are normally designed for a bufter gas in-leakage rate
of less than 1000 cm¥min (60 in*min).

Heat exchangers for cooling UF,

Especially designed or prepared heat exchangers made ot or lined with UF¢-resistant materiais
{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 difference
of 100 kPa (15 psi).

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

INTRODUCTORY NOTE

The auxitiary systems, equipment and components for gaseous diffusion enrichment plants are the systems of plant needed
to feed UF, o the gaseous diffusion assembly. to link the individual assembfies to each other to form cascades (or stages)
to aliow for progressively higher enrichments and ®© extract the “product” and “tails” UF, from the diffusion cascades.
Because of the high inertial properties of diffusion cascades, any interruption in their cperation, and espaciaily their shut-
down, lsads to serious consaequencss. Therefore, a strict and constant maintenancs of vacuum in all technological systems,
automatic protection from accidents, and preciss automated regulation of the gas flow is of importance in a gaseous diffusion
plant. All this leads to & need 10 equip the ptant with a large number of special measuning, reguiating and controliing systems.

Normaily UF, is evaporated from cylinders placed within autoclaves and is distributed in gasecus form to the entry point
by way of cascade header pipework. The “product® and “tails® UF, gaseous streams flowing from exit points are passed
by way of cascade header pipework 1o sither cold traps or to compression stations where the UF, gas is liquefied prior
to onward transfer into suitable containers for ransportation or storage. Because a gaseous diffusion enrichment plant
consists of a large number of gaseous diffusion assemblies arranged in cascades, there are many kilometers of cascade
header pipework, incorporating thousands of weids with substantial amounts of repetition of layout The equipment,
components and piping systems are fabricated 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:;

Liquetaction stations where UF, gas from the cascade is compressed and cooled to form

liquid UF;
"Product” or "tails” stations used for transferring UF into containers.

/..
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5.4.2.

5.43.

5.44.

5.4.5.

5.5.

S.6.

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 "doubie”™ 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 tor service in UF¢-bearing atmospheres made of, or
lined with, aluminium, nickel, 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 vailves

Especially designed or prepared manual or automated shut-off and control beliows valves made
of UF-resistant materials with a diameter of 40 to 1500 mm (1.5 to 59 in) for installation in main
and auxiliary systems of gaseous diffusion enrichment plants.

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
characternstics:

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. 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 cascads.
All surtaces which come into contact with the process gas are wholly made of, or ined with, UF,-resistant matsrials. For
the purposes of the sections refating to gaseous diffusion items the materials resistant to corrosion by UF, include stainiess
steel, aluminium, aluminium alloys, aluminium oxide, nickel or alloys containing 60% or more nickel and UF, -resistart fully
fiuorinated hydrocarbon polymers.

Jet nozzle separation units

Vortex separation units

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

Holvywalorcan be produced by a variety of processes. However, the two processes that have proven © be commercially
viable are the water-hydrogen sulphide exchange process (GS process) and the ammonia-hydrogen exchange process.

The GS process is based upon the exchange of hydrogen and deuterum between water and hydrogen suiphide within
a senes of towers which are operated with the top sectan cold and the bottom section hat. Water flows down the owers
while the hydrogen suliphide gas crculates from the bottom to the top of the owers. A series of perforated trays are used
1o promote Mixing between the gas and the water. Deulenum migrates to the water at low temperatures and i the hydrogen
sulphide at high temperatures. Gas or water, enviched in deutenum, 1s removed from the first stage towers at the junction
of the hot and coid sections and the process is repsated in subsequent stage towers. The product of the last stage, waler
anriched up o 30°% in deuterium, is sent o a distilation urit % produce reactor grade heavy water; i.e., 99.75% deuterium
oxide.

The ammonia-hydrogen exchange process can extract deuterum from synthesis gas through contact with fiquid ammonia

in the presance of a catalyst. The synthesis gas is led into exchange towers and to an ammonia convener. inside the owers
the gas flows from the bottom to the top while the liquid ammania flows from the top 1 the bottom. The deutarium is stripped

e



6.1.

6.2.

6.3.

6.4.

6.5.

NPT/CONF.1995/7/Part II
English
Page 51

trom the hydrogen in the synthesis gas and concentrated in the ammorna. The ammonia then flows into an ammonia cracker
at the bottom of the tower while the gas flows into an ammonia converter at the top. Further enrichment takes place in
subsequent stages and reactor grade heavy water is produced through final distilation. The synthesis gas feed can be
provided by an ammonia plant that. in tum, can be constructed in association with a heavy water ammonia-hydrogen
exchange plant. The ammona-hydrogen exchange process can alsa use ordinary water as a feed source of deutsrium.

Many of the key equipment #tems for heavy wamsr production plants using GS or the ammonia-hydrogen exchange processes
are common to several segments of the chemical and petroleum industries. This is particulariysso for small plants using
the GS process. However, few of the items are available “off-the-sheli*. The GS and ammonia-hydrogen processes require
the handiing of large quantities of flammabie, corrosive and toxic fluids at elevated pressures. Accordingly, in establishing
the desing and operating standards for plants and equipment using these processes, careful attantion 1 the materials
selection and specifications is required to ensure long sarvice life with high safety and reliability tactors. The choice of scale
is primarily a function of economics and need. Thus, most of the equipment items would be prepared according to the
requirements of the customer.

Finally, it shouid 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 production can be assembied into systems 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 to reactor-grade in either
process are exampies of such systems.

The items of equipment which are especially designed or prepared for the production of heavy water utifizing either the
water-hydrogen suiphide exchange process or the ammonia-hydrogen exchange process inciude 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 ot operating at pressures greater than or equal to 2 MPa (300 psi)
and with a corrosion aliowance of 6 mm or greater, especially designed or prepared for heavy water
production utilizing the water-hydrogen suiphide exchange process.

Blowers and Compressors

Single stage, low head (i.e., 0.2 MPa or 30 psi) centrifugal biowers or compressors for hydrogen -
sulphide gas circutation (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 tc 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 ) capable of cperating 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 cylindrica! part through which the tower internals can be inserted or
withdrawn.

Tower Intemals 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 especially
designed stage contactors which promote intimate gas/liquid contact. Stage pumps include
especially designed submersible pumps for circulation of 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 utilizing the ammonia- hydrogen exchange
process.

/..
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6.6. Infrared Absorption Analyzers

Infrared absorption analyzers capable of "on-line” hydrogen/deuterium ratio analysis where
deutenum concentrations are equal to or greater than 90%.

6.7. Catalytic Burners

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

CRITERIA FOR LEVELS OF PHYSICAL PROTECTION

1. The purpose of physical protection of nuclear materials is to prevent unauthorized use and
handling of these materials. Paragraph 3(a) of the Guidelines document calls for agreement
among suppliers on the levels of protection to be ensured in relation to the type of materials,
and equipment and facilities containing these materials, taking account of international
recommendations.

2. Paragraph 3(b) of the Guidelines document states that implementation of measures of
physicai protection in the recipient country is the responsibility of the Government of that
country. However, the levels of physical protection on which these measures have to be
based shouid be the subject of an agreement between supplier and recipient. In this context
these requirements should apply to all States.

3. The document INFCIRC/225 of the Intemational Atomic Energy Agency entitied "The
Physical Protection of Nuclear Materiai” and similar documents which from time to time are
prepared by intemnational groups of experts and updated as appropriate to account for
changes in the state of the art and state of knowledge with regard to physical protection
of nuclear material are a useful basis for guiding recipient States in designing a system of
physical protection measures and procedures.

4. The categorization of nuclear matenal presented in the attached table or as it may be
updated from time to time by mutual agreement of suppliers shall serve as the agreed basis
for designating specitic levels of physical protection in relation to the type of materials, and
equipment and facilities containing these maternials, pursuant to paragraph 3(a) and 3(b) of
the Guidelines documaent.

S. The agreed levels of physical protection 1o be ensured by the competent nationa! authorities
in the use, storage and transportation of the materials listed in the attached table shall as
a minimum include protection characteristics as follows:

CATEGORY Il
Use and Storage within an area to which access in controlled.

Transportation under special precautions including prior arrangements among sender, recipient
and carrier, and prior agreement between entities subject to the jurisdiction and regulation of
supplier and recipient States, respectively, in case of international transport specifying time, place
and procedures for transferring transport responsibility.

CATEGORY Il

Use and Storage within a protected area to which access is controlled, i.e. an area under constant
surveillance by guards or electronic devices, surrounded by a physical barrier with a limited number
of points of entry under appropriate control, or any area with an equivalent level of physical
protection.

Transportation under special precautions including prior arrangements among sender, recipient
and carrier, and prior agreement between entities subject to the jurisdiction and reqguiation of
supplier and recipient States, respectively, in case of intemational transport, specitying time, place
and procedures for transteming transport responsibility.

CATEGORY |

Materials in this category shall be protected with highly reliable systems against unauthorized use
as follows:
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Use and Storage within a highly protected area, i.e. a protected area as detined for Category ||
above, to which, in addition, access is restricted 10 persons whose trustworthiness has been
determined, and which is under surveillance by guards who are in close communication with
appropriate response forces. Specific measures taken in this context should have as their objective
the detection and prevention of any assault. unauthorized access or unauthorized removal of
material

Transportation under special precautions as identified above for transportation of Category il and
i1t materials and, in addition, under constant surveillance by escorts and under conditions which
assure close communication with appropriate response forces.

6. Suppliers shouid request identification by recipients of those agencies or authorities having
responsibility for ensuring that levels of protection are adequately met and having
responsibility for intemally co-ordinating response/recovery operations in the event of
unauthorized use or handling of protected matenals. Suppliers and recipients should also
designate points of contact within their national authorities to co-operate on matters of out-of-
country transportation and other matters of mutual concern.
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Annex IIT

INF

“ VV INFCIRC/254/Rev.1/Part 2
$ V.4 July 1992

International Atomic Energy Agency GENERAL Distr.
Original: ENGLISH, FRENCH

INFORMATION CIRCULAR RUSSIAN and SPANISH

s

COMMUNICATIONS RECEIVED FROM CERTAIN MEMBER STATES
REGARDING GUIDELINES FOR THE EXPORT OF NUCLEAR

MATERIAL, EQUIPMENT AND TECHNOLOGY

Nuclear-related Dual-use Transfers

1. The Director General has received notes verbales dated 15 May 1992 from
the Resident Representatives to the Agency of Australia, Austria, Belgium,
Bulgaria, Canada, Czech and Slovak Federal Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Japan, Luxembourg, Netherlands,
Norway, Poland, Portugal, Romania, Russian Federation, Spain, Sweden,
Switzerland, the United Kingdom of Great Britain and Northern Ireland, and the
United States of America relating to the export of nuclear material, eqguipment

and technology.

2. The purpose of the notes verbales is to provide information on those
Governments' Guidelines for Transfers of Nuclear-related Dual-use Equipment,

Material and related Technology.

3. In the light of the wish expressed at the end of each note verbale, the

text of the notes verbales is annexed hereto.

4487225
92-02695
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NOTE VERBALE

The Permanent Mission of [Member State] presents its compliments to the
Director General of the International Atomic Energy Agency and has the honour
to provide information on its Government's nuclear export policies and

practices.

The Government of [Member State] has decided that, when considering the
transfer of nuclear-related dual-use equipment, material and related
technology, it will act in accordance with the provisions of the attached

documents.

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.

The Government of [Member State|, so far as trade within the European
Community is concerned, will implement these documents in the light of its

x
commitments as a Member State of that Community.—/

*/ Paragraph in the notes verbales from the members of the European
Community. ‘

/oo
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The Government of (Member State] hopes that other governments may also
decide to base their own export policies regarding nuclear-related dual-use

equipment, material and related technology upon these documents.

The Government of [Member State] requests that the Director General of
the International Atomic Energy Agency should circulate the texts of this
letter and the documents concerned to all Member Governments for their
information and as a demonstration of support by the Government of [Member

State] for the Agency's non-proliferation objectives and safeguards activities.
The Permanent Mission of [Member State| avails itself of this opportunity

to renew to the Director General of the Internaticnal Atomic Energy Agency the

assurances of its highest consideration.

[ene
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GUIDELINES FOR TRANSFERS OF RUCLEAR-RELATED
DUAL-USE EQUIPMERT, MATERIAL AND
RELATED TECHROLOGY ‘

OBJECTIVE

With the objective of averting the proliferation of nuclear
weapons, suppliers have had under consideration procedures in
relation to the transfer of certain equipment, material, and
related technology that could make a major contribution to a
"nuclear explosive activity" or an "unsafeguarded nuclear
fuel-cycle activity." 1In this connection, suppliers have
agreed on the following principles, common definitions, and
an export control list of equipment, material, and related
technology. The Guidelines are not designed to impede
international cooperation as long as such cooperation will
not contribute to a nuclear explosive activity or an
unsafeguarded nuclear fuel-cycle activity. Suppliers intend
to implement the Guidelines in accordance with national
legislation and relevant international commitments.

BASIT PRINCIPLE

2.

Suppliers should not authorize transfers of equipment,
material, or related technology identified in the Annex:

-- for use in a non-nuclear-weapon state in a nuclear
explosive activity or an unsafeguarded nuclear fuel

cycle activity, or

-- in general, when there is an unacceptable risk of
diversion to such an activity, or when the transfers
are contrary to the objective of averting the
proliferation of nuclear weapons.

EXPLANATIQON OF TERMS

3.

(a) "Nuclear explosive activity" includes research on or
development, design, manufacture, construction,
testing or maintenance of any nuclear explosive device
or components or subsystems of such a device.

(b) "Unsafeguarded nuclear fuel-cycle activity®" includes
research on or development, design, manufacture,
construction, operation or maintenance of any reactor,
critical facility, conversion plant, fabrication
plant, reprocessing plant, plant for the separation of
isotopes of source or special fissionable material, or
separate storage installation, where there is no
obligation to accept International Atomic Energy
Agency (IAEA) safegquards at the relevant facility or
installation, existing or future, when it contains any
source or special fissionable material; or of any
heavy water production plant where there is no
obligation to accept IAEA safeqguards on any nuclear
material produced by or used in connection with any
heavy water produced therefrom; or where any such
obligation is not met.

/e
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ESTABLISHMENT OF EXPORT LICENSING PROCEDURES

4. Suppliers should establish export licensing procedures for
the transfer of equipment, material, and related technology
identified in the Annex. These procedures should include
enforcement measures for violations. 1In considering whether
to authorize such transfers, suppliers should exercise
prudence in order to carry out the Basic Principle and should
take relevant factors into account, including:

(a) Whether the recipient state is a party to the Nuclear
Non-Proliferation Treaty (NPT) or to the Treaty for
the Prohibition of Nuclear Weapons in Latin America
(Treaty of Tlatelolco), or to a similar international
legally-binding nuclear non-proliferation agreement,
and has an IAEA safeguards agreement in force
applicable to all its peaceful nuclear activities;

(b) Whether any recipient state that is not party to the
NPT, Treaty of Tlatelolco, or a similar international
legally-binding nuclear non-proliferation agreement
has any facilities or installations listed in
paragraph 3(b) above that are operational or being
designed or constructed that are not, or will not be,
subject to IAEA safeguards;

(c) Whether the equipment, material, or related technology
to be transferred is appropriate for the stated
end-use and whether that stated end-use is appropriate
for the end-user;

(d) Whether the equipment, material, or related technology
to be transferred is to be used in research on or
development, design, manufacture, construction,
operation, or maintenance of any reprocessing or
enrichment facility;

(e) Whether governmental actions, statements, and policies
of the recipient state are supportive of nuclear
non-proliferation and whether the recipient state is
in compliance with its international obligations in
the field of nonproliferation;

(f) Whether the recipients have been engaged in
clandestine or illegal procurement activities; and

(g) Whether a transfer has not been authcorized to the
end-user or whether the end-user ha= diverted for
purposes inconsistent with the Guidelines any transfer
previously authorized.
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CONDITIONS FOR TRANSFERS
S. In the process of determining that the transfer will not pose

any unacceptable risk of diversion, in accordance with the
Basic Principle and to meet the objectives of the Guidelines,
the supplier should obtain, before authorizing the transfer
and in a manner consistent with its national law and
practices, the following:

(a) a statement from the end-user specifying the uses and
end-use locations of the proposed transfers; and

(b) an assurance explicitly stating that the proposed
transfer or any replica thereof will not be used in
any nuclear explosive activity or unsafeguarded
nuclear fuel-cycle activity.

CQHSEHI_31§H15;Q!ER_REIEAHSEEE§

6. Before authorizing the transfer of equipment, material, or
related technology identified in the Annex to a country not
adhering to the Guidelines, suppliers should obtain
assurances that their consent will be secured, in a manner
consistent with their national law and practices, prior to
any retransfer to a third country of the equipment, material,
or related technology, or any replica thereof.

CONCLUDING PROVISIONS

7. The supplier reserves to itself discretion as to the
application of the Guidelines to other items of significance
in addition to those identified in the Annex, and as to the
application of other conditions for transfer that it may
consider necessary in addition to those provided for in
paragraph 5 of the Guidelines.

8. In furtherance of the effective implementation of the
Guidelines, suppliers should, as necessary and appropriate,
exchange relevant information and consult with other states
adhering to the Guidelines.

9. In the interest of international peace and security, the
adherence of all states to the Guidelines would be welcome.

[ens



NPT/CONF.1995/7/Part 11
English
Page 62

ANNEX

LIST OF NUCLEAR-RELATED DUAL-USE EQUIPMENT AND MATERIALS AND
RELATED TECHNOLOGY
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Note: The International System of Units (SI) is used in this Annex. In many places, the
approximately equivalent physical quantty in English units is given in parentheses () after
the SI quantity. In all cases the physical quantity defined in SI units should be considered
the official recommended control value. However, some machine tool parameters are given
in their customary units, which are not SI.

Commonly used abbreviations (and their prefixes denoting size) in this Annex are as follows.

A — ampere(s)

*C — degree(s) Celsius

Ci — curie(s)

cm? — cubic centimeter(s)

dB — decibel (s)

dBm — decibel referred to 1 milliwart
g — gram(s); also, acceleration of gravity (9.81 m/second®)
GBq — gigabecquerel(s)

GHz - gigaherz

Hz — herz

J = joule(s)

K — kelvin

keV — thousand electron voit(s)
kg — kilogram(s)

kHz — kiloherz

kN - kilonewton(s)

kPa — kilopascal(s)

kW — kilowatt(s)

m — meter(s)

MeV — million electron voit(s)
MHz - megaherz

MPa — megapascal(s)

MW — megawatt(s)

HMF — microfarad(s)

pm — micrometer(s)

s — microsecond(s)

mm - millimeter(s)

N = newton(s)

nm - nanometer(s)

ns — nanosecond(s)

nH — nanohenry(ies)

ps — picosecond(s)

RMS - root mean square
TIR — total indicator reading
W — watt(s)

Annex ii
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GENERAL NOTE

The following paragraphs are applied to the List of Nuclear-Related Dual- Use Equipment,
Material, and Related Technology.

1. The description of any item on the List includes that item in either new or second-
hand condition.

2 When the description of any item on the List contains no qualifications or
specifications, it is regarded as including all varieties of that item. Category captions
are only for convenience in reference and do not affect the interpretation of item
definitions.

3. The object of these controls should not be defeated by the transfer of any non-
controlled item (including plants) containing one or more controlled components
when the controlled component or components are the principal element of the item
and can feasibly be removed or used for other purposes.

Note:

In judging whether the controlled component or components are to be considered the
principal element, governments should weigh the factors of quantity, value, and
technological know-how involved and other special circumstances which might
establish the controlled component or components as the principal element of the
itemn being procured.

4. The object of these controls should not be defeated by the transfer of component
parts. Each government will take such action as it can to achieve this aim and will
continue to seek a workable definition for component parts, which could be used by
all the suppliers.

TECHNOLOGY CONTROLS
The transfer of "technology” directly associated with any items in the List will be subject to as
great a degree of scrutiny and control as will the equipment itself, to the extent permitted by
national legislation.

Controls on “technology” transfer do not apply to information "in the public domain® or to
"basic scientific research.*

Note: — The item on machine tools contains specific controls on technology.

STATEMENT OF UNDERSTANDING

The approval of any List item for export also suthorizes the export to the same end user of
the minimum technology required for the installation, operation, maintenance, and repair of
the item.

Annex ui
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DEFINITIONS

"Technology” — means specific information required for the "development.” “production,” or "use”
of any item contained in the List. This information may take the form of “technical data” or
"technical assistance.”

"basic scientific research® — Experimental or theoretical work undertaken principally to acquire
new knowledge of the fundameatal principles of phenomena and observable facts, not primarily
directed toward a specific practical aim or objective.

“development” - is related to all phases before *production” such as:

design

design research

design analysis

design concepts

assembly and testing of prototypes
piuot production schemes

design data

process of transforming design data into a product
configuration design

integration design

layouts

"in the public domain" — *In the public domain " as it applies herein, means technology @at_hu
been made available without restrictions upon its further dissemination. (Copyright restrictions
do not remove technology from being in the public domain.)

"production” - means all production phases such as:

construction
production engineering
manufacture
integration

assembly (mounting)
inspection

testing

quality assurance

“Specially designed software”
The minimum “operating systems,” "diagnostic systems,” "maintenance systems,” and
*application software” necessary to be executed on particular equipment to perform the

Annex v /en.
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+

tenction tor wnich it was cesigned To make other, incompatible equipment perform the
same tuncuon requires

(a) modificaucn of this "sofrware” or

(o) additon of "programs.”

“techinucal assistance” — "Technical assistance® may take forms such as: instruction, skills,
training. working knowledge, consulting services.
NOTE: "Technical assistance” may involve transfer of “technical data.*

"technical data” — "Technical data” may take forms such as blueprints, plans, diagrams,
models, formulae, engineering designs and specifications, manuals and instructions written or
recorded on other media or devices such as disk, tape, read-only memories.

"use” — Operation, installation (including on-site installation), maintenance (checking), repair,
overhaul and refurbishing.

Annex v
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ANNEX CONTENTS
1. INDUSTRIAL EQUIPMENT
1.1.  Spin-forming and flow-forming machines . ........................ 1-1
1.2.  “Numerical control® units ... machine tools .. ...................... 141
1.3, Dimensional inspection Systems . ...............ccceuurnean... o1l
14. Vacuum induction furmaces ................ ... ..., 1-3
15. Isostaticpresses ........... ... .. .. ..., 13
1.6. Robotsandendeffectors ........ ... ... ... ... ... .. ... 14
1.7. Vibration test €QUIPMENt . . ... .. ... ...ttt 1-5
1.8.  Furnaces - arc remelt, electron beam, and plasma ................... 15
2. MATERIALS

2.1.  Aluminum, high-strength .. ... ... .. ... ... ... .. .. ... . ... 2-1
22, Beryllium ... ... .. e 2-1
23.  Bismuth (highpurity) .. ... ... .. e 2-1
24.  Boron (isotopically enriched in boron-10) ........ ... . ... ... ... 2-1
25, Qalcium (highpurity) ... ... ... . e 2-1
26. Chlorinetrifluoride ....... ... ... . . ... ... 2-1
2.7.  Crucibles made of materials resistant

to liquid actinide metals . ... ...... ... ...... .. .. ... oL, 2-1
28.  Fibrous and filamentary matenials .. ........ ... . ... ... .. ... 2-2
29, Hafnium .. .. .. 2-2
2.10. Lithium (isotopically enriched in lithium-6) ... .................... 22
2.11. Magnesium (high purity) .......... .. ... ... ...l 23
2.12. Maraging steel, high-strength .. ... ... . .. ... L. oL 23
2130 Radium ... 23
20140 Tianiumoalloys ... ... 2-3
20150 TURESIEN ...t 2-3
20160 ZIFCOMIUM ... oo ottt o s 2-3

3. URANTUM ISOTOPE SEPARATION EQUIPMENT AND COMPONENTS

3.1.  Electrolytic cells for fluorine production . . . . ............. .. ... ... 3-1
32 Rotorandbellowsequipment . .. ... ... ... ... . ... ... ... ..., 3-1
33.  Centrifugal multiplane balancing machines . . . ..................... 3-1
34, Filamentwindingmachines .......... ... .. ... .. ... .. 0. 32
35. Frequencychangers ......... ... ... ... ... ...l 32
3.6.  Lasers, laser amplifiers, andosallators . . ... ... ... Lo 3.2
3.7.  Mass spectrometers and mass spectrometer ion sources . . ............ 34
3.8.  Pressure measuring instruments, corrosion-resistant . .. .............. 34
39.  Valves, cOrrosion-resistant . .................utirtitaiaiaaannt 34
3.10. Superconducting solenoidal electromagnets ....................... 34
3110 Vaculum PUMPS . ...ttt ittt e e e 3-5
3.12. Direct current high-power supplies (100 V or greater) .. ..... ... ... . 3-5
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5 13 High-voltage direct curtent power supplies (20,000 V or greater) .. 3.5
314, Electromagnetc isOlOpe Separators . ... ... ...........euoeno . 35
HEAVY WATER PRODUCTION PLANT RELATED EQUIPMENT (Other Than

Trigger List Items)

4.1 Specialized packings for water separation . . ................... ... 4-1
42 Pumps for potassium amide/liquid ammonia .. .................... 4-1
43.  Water-hydrogen sulfide exchange tray columns . ................. .. 4-1
44 Hydrogen-cryogenic distillation columns ... ................... .. .. 4-1
45.  Ammonia converters or synthesis reactors .. ...................... 4.2

IMPLOSION SYSTEMS DEVELOPMENT EQUIPMENT

5.1 Flash x-ray equipment ......... ... ....... .. .. .......... S5
52, Multistage light gas guns/hugh-velocity guns ... .................... S5-1
53. Mechanical rotating mirror cameras . . ........................... 5-1
5.4.  Electronic streak and framing camerasand tubes .. .. .............. . 5-2
55.  Specialized instrumentation for hydrodynamic experiments . .......... 5-2

EXPLOSIVES AND RELATED EQUIPMENT

6.1.  Detonators and multipoint initiation systems . ..................... 6-1
6.2.  Elecronic components for firing sets .. ........... ... .. ... ... .. 61
6.2.1. Switching devices .. ... ... e 61
6.22. Capacitors ........ ... ... e -2
63.  Fining sets and equivalent high-current puisers

(for controlled detonators) .. .. ... ... ... ... 6-2
6.4.  High explosives relevant to nuciear weapons ....... ............... 6-2

NUCLEAR TESTING EQUIPMENT AND COMPONENTS

71, Oscilloscopes .. .......... L 7-1
72. Photomultiplier tubes . . . ... ... ... . 7-1
73.  Pulse generators (high speed) ... . ... .. ... .. ... ... ...... 7-1
OTHER
8.1.  Neutron generator systems . .. ........................ . ... ..... 8-1
8.2.  General nuclear related equipment .. ....... ... ... .. .. ... ... ... 8-1
82.1. Remotemanipulators . ........ .. .. ... . ... .. ... .. 8-1
822. Radiation shieldingwindows ... .. .. ... .. ... ... .. ... .. ... ...... 8-1
8.23. Radiation-hardened TVameras .. ... ... .. ... ... .............. 8-1
8.3.  Tritium, tritium compounds, and muxtures . ... ....... ... ... ... .. 8-1
8.4.  Tritium facilities or plants and components therefor ... ............. 81
8.5. Platinized carbon catalysts =~ 8-1
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ANNEX

LIST OF NUCLEAR-RELATED DUAL-USE EQUIPMENT AND MATERIALS AND
RELATED TECHNOLOGY

L INDUSTRIAL EQUIPMENT
I.1.  Spin-forming and flow-forming machines which:

a  according to the manufactarer’s technical specification, can be equipped with
"numerical control” units or a computer control; and

b. with two or more axes that can be coordinated simuitaneously for "contouring
control,’

and precision rotor-forming mandrels designed to form cylindrical rotors of inside diameter
between 75 mm (3 in.) and 400 mm (16 In.) and specially designed software therefor.

Note: The only spin-forming machines controlled by this entry are those combining the
function of spin-forming and flow-forming.

12.  “Numerical coatrol® units, specially designed "motion control boards® for *numerical
coatrol® applications on machine tools, "numerically controlied® machine tools,
specially designed “software,” and technology as follows.

Detaiied specifications of the equipment are shown in the Appendix.

13.  Dimensional inspection machines, devices, or systems, as follows, specially designed
software therefor.

(a) Computer controlled or numerically coutrolled dimensional inspection
machines having both of the following characteristics:
1) two or more axes; and
2) a one-dimensional length *measurement uncertainty” equal to or less
(better) than (125 + L/1000) ym tested with a probe of an “sccuracy”
of less (better) than 02 ym (L is the measured length in millimeters)
(Ref: VDI/VDE 2617 parts 1 and 2);

Annex 1-1
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(b) Linear and angular displacement measuring devices, as follows:
(1) linear measuring instruments having any of the following
characteristics:
(i) non-contact type measuring systems with a "resolution” equal
to or less (better) than 02 um within a measuring range up to
02 mm;
(i) linear variable differential transformer (LVDT) systems
having both of the following characteristics:
(A) ‘linearity” equal to or less (better) than 0.1% within a
measuring range up to S mm; and
(B)  drift equal to or less (better) than 0.1% per day at a
standard ambient test room temperature +1 K; or
(iii)  measuring systems that have both of the following
characteristics:
(A) contain a "laser”; and
(B) maintain for at least 12 hours, over a temperature
"range of 1 K around a standard temperature and a
.standard pressure:
‘1) a “resolution” over their full scale of 0.1 ym or
better; and
2) with a “measurement uncertainty” equal to or
less (better) than (02 + L/2000) s (L is
the measured length in millimeters); excepr
measuring interferometer systems, without
closed or open loop feedback, coataining a
"laser” to measure slide movement errors of
machine tools, dimensional inspection
machines, or similar equipment;
2) angular measuring instruments having an *angular positioa deviation"
equal to or less (better) than 0.00025°;

Note: The sub-item (b)(2) of this item does not control optical instruments,
such as autocollimators, using collimated light to detect angular
displacement of & mirror.

(c) Systems for simuitaneously linear-angular inspection of hemishells, having
both of the following characteristics:
1) ‘measurement uncertainty” along any linear axis equal to or less
(better) than 3.5 ym per § mm; and
) ‘angular position deviation® equal to or less than 0.02°.

Note: Specially designed software for the systems described in paragraph (¢)
of this item includes software for simultaneous measurements of wall
thickness and contour.

Technical Note I: Machine tools that can be used as measuring machines are controlled if
they meet or exceed the criteria specified for the machine tool function or the measuring
machine function.

Technical Note 2: A machine described in this section, 1.3., is controlled if it exceeds the

control threshold anywhere within its operating range

Annex 1-2
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Technical Note 3: The probe used in determining the measurement uncertainty of a
dimensional inspection system shall be as described in VDI/VDE 2617 parts 2, 3, and 4

Technical Note 4: All parameters of measurement values in this item represent plus/minus,
1e, not total band.

"Measurement uncertainty”
The characteristic parameter which specifies in what range around the output value
the correct value of the measurable variable lies with a confidence level of 95%. It
includes the uncorrected systematic deviations, the uncorrected backlash, and the
random deviations (Reference: VDI/DE 2617).

"Resolution”
The least increment of a measuring device; on digital instruments, the least
significant bit (Reference: ANSI B-89.1.12).

"Linearity”
(Usually measured in terms of nonlinearity) is the maximum deviation of the actual
characteristic (average of upscale and downscale readings), positive or negative, from
a straight line so positioned as to equalize and minimize the maximum deviations.

"Angular position deviation"
The maximum difference between angular position and the actual, very accurately
measured angular position after the workpiece mount of the table has been tumed
out of its initial position. (Reference: VDI/VDE 2617. Draft: “Rotary table on
coordinate measuring machines.*

14.  Vacuum or coatrolled environment (inert gas) induction furnaces capable of
operation above 850°C and having induction coils 600 mm (24 in.) or less in
diameter, and power supplies specially designed for induction furnaces with a power
supply of 5§ kW or more.

Technical Note: This entry does not control furnaces designed for the processing of
semiconductor wafers.

135.  "Isostatic presses* capable of achieving 2 maximum working pressure of 69 MPa
(10,000 psi) or greater and having a chamber cavity with an inside diameter in
excess of 152 mm (6 in.) and specially designed dies and wmolds, and controls and
"specially designed sofltware” therefor.

Technical Notes:

(1) The inside chamber dimension is that of the chamber in which both the working
temperature and the working pressure are achieved and does not include fixtures.
That dimension will be the smaller of either the inside diameter of the pressure
chamber or the inside diameter of the insulated furnace chamber, depending on
which of the two chambers is located inside the other.

Annex 1-3
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(2 "[sostatc presses”
Equipment capable of pressurizing a closed cavity through various media (gas, liquid,
solid particles, etc.) 1o create equal pressure in all directions within the cavity upon a
workpiece or material

1.6.  "Robots” and "end-effectors" having either of the following characteristics:

(a)

(b)

Specially designed to comply with national safety standards applicable to
handling high expiosives (for example, meeting electrical code ratings for
high explosives); or

Specially designed or rated as radiation hardened to withstand greater than §
x 10* grays (Si) (5 x 10° rad (Si)) without operational degradation;

and specially designed coatroliers and “specially designed software” therefor.

Technical Notes:

(1)  “"Robot"
A manipulation mechanism, which may be of the continuous path or of the point-to-
point variety, may use “sensors,” and has all of the following characteristics:

()
(®)

(©
(d)

N.B.:

is multifunctional;

is capable of positioning or orienting material, parts, tools, or special devices
through variable movemeats in three-dimeasional space;

incorporates three or more closed or open loop servo-devices which may
include stepping motors; and

has "user-accessible programmability” by means of teach/playback method or
by means of an electronic computer which may be a programmabie logic
controlled, Le., without mechanical intervention.

The above definition does not inciude the following devices:

(2)
(b)

(©

C))

Annex 14

Manipulation mechanisms which are only manually/teleoperator controllabie;
Fixed sequence manipulation mechanisms which are automated moving
devices operating according to mechanically fixed programmed motions. The
program is mechanically limited by fixed stops, such as pins or cams. The
sequence of motions and the selection of paths or angies are not variable or
changeable by mechanical, electronic, or electrical means;

Mechanically controlled variable sequence manipulation mechanisms which
are automated moving devices operating according to mechanically fixed
programmed motions. The program is mechanically limited by fixed, but
adjustable, stops such as pins or cams. The sequence of motions and the
selection of paths or angies are variable within the fixed program pattern.
Variations or modifications of the program pattern (e.g., changes of pins or
exchanges of cams) in one or more motion axes are accomplished only
through mechanical operations;

Non-servo-controlled variable sequence manipulation mechanisms which are
automated moving devices, operating according to mechanically fixed
programmed motions. The program is variable but the sequence proceeds
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3)

1.7.

138.

only by the binary signal from mechanically fixed electrical binary devices or
adjustable stops;

Le) Stacker cranes defined as Cartesian coordinate manipulator systems
manufactured as an integral part of a vertical array of storage bins and
designed to access the contents of those bins for storage or retrieval.

"End-effectors”
“End-effectors” include grippers, "active tooling units,” and any other tooling that is
attached to the baseplate on the end of a "robot® manipulator arm.

The definition in (a) above is not designed to control robots specially designed for
nonnuclear industrial applications such as automobile paint-spraying booths.

Vibration test equipment using digital control techniques and feedback or closed
loop test equipment and software therefor capable of vibrating a system at 10 g RMS
or more between 20 Hz and 2000 Hz, imparting forces of 50 kN (11,250 lbs) or
greater.

Vacuum and coatrolied atmosphere metallurgical melting and casting farnaces as
follows; and specially configured computer control and moaitoring systems and
*specially designed software” therefor:

(a) Arc remelt and casting furnaces with consumable electrode capacities

between 1000 cm’ and 20,000 cm® and capable of operating with melting
temperatures above 1700°C,

(b) Electron beam melting and plasma atomiration and melting furnaces with a

power of 50 kW or greater and capable of operating with melting
temperatures above 1200°C.

Annex 1-5
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2. MATERIALS

2.1.  Aluminum alloys capabie of an ultimate teasile strength of 460 MPs (0.46 x 10°
N/m?) or more at 293 K (20°C), in the form of tubes or solid forms (Including
forgings) with an outside diameter of more than 75 mm (3 in.).

echnical Note: The phrase *capable of” encompasses aluminum alloys before or after heat

treatment.

22. Beryllium as follows: metal, alloys containing more than S0% of beryllium by
weight, compounds containing beryllium, and manufactures thereof, except

(a) Meaal windows for X-ray machines;

(b) Qxide shapes in fabricated or serri-fabricated forms specially designed for
electronic component parts or as substrates for electronic cirauits.

Technical Note: This control applies to waste and scrap containing beryilium as defined

here.

23.  High-purity (99.99% or greater) bismuth with very low silver content (less than 10
parts per million).

2.4.  Boroun and boron compounds, mixtures, and loaded materials in which the boron-10
isotope is more than 20% by weight of the total boron content.

25.  Calcium (high purity) containing both less than 1000 parts per million by weight of
metallic impurities other than magnesium and less than 10 parts per million of
boron.

2.6.  Chiorine Trifluoride (CIF,).

2.7.  Crucibles made of materials resistant to liquid actinide metals, as follows:

(@) Crucibles with a volume of between 150 mt and 8 liters and made of or
coated with any of the following materials having a purity of 98% or greater:
(i) Calcium fluoride (CaF,),
(ii) Calcium zirconate (metazircoaste) (Ca,Zr0O,)
(iii) Cerium sulfide (Ce,S,)
(iv) Erbium oxide (erbia) (Er,0,),
(v) Hafnium oxide (hafnia) (HfO,),
(vi) Magnesium oxide (MgO),

Annex 2-1
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28.

.

(2)

(®)

(c)

29.

2.10.

(vu)  Nitrided niobium-titanium-tungsten alloy (approximately 50% Nb,
30%Ti, 20%W)

(vili)  Yttrium oxide (yttria) (Y,0,)

(ix) Zirconium oxide (zirconia) (ZrO,)

(b) Crucibles with a volume of between 50 mt and 2 liters and made of or lined
with tantalum, having a purity of 99.9% or greater.

(c) Crucibles with a volume of between 50 m( and 2 liters and made of or lined
with tantalum (having s purity of 98% or greater) coated with tantalum
carbide, nitride, or boride (or any combination of these).

(2) Carbon or aramid *fibrous and filameatary" materials having a “specific

modulus® of 12.7 x 10° m or greater or a “specific tensile strength® of 23.5
x 10* m or greater; or

(b) Glass “fibrous and filamentary” materials having & *specific modulus® of 3.18
x lo‘norguteranda'sped.ﬂctauﬂem,gth'ofhﬁzxw‘norgrater.

(©) Composite structures in the form of tubes with an inside diameter of between
75 mm (3 in.) and 400 mm (16 in.) made with “fibrous and filamentary"
materials controlled in (a) above.

i Note:

The term *fibrous and filamentary materials" includes continuous monofilaments,
continuous yarns, and tapes.

*Specific modulus® is the Young's modulus in N/m? divided by the specific weight in
N/m? when measured at a temperature of 23 + 2°C and a relative humidity of 50
t 5%;

"Specific tensile strength® is the ultimate tensile strength in N/m? divided by the
specific weight in N/m? when measured at a temperature of 23 + 2°C and a relative
humidity of 50 £+ 5%.

Hafnium of the following description: metal, alloys, and compounds of hafaium
containing more than 60% hafnium by weight and manufactures thereof.

Lithium (isotopically enriched in lithium-6) as follows:

(a) Metal hydrides or alloys containing lithium enriched in the 6 isotope (*Li) to
a concentration higher than the one existing in nature (7.5% on an atom
percentage basis);

(b)  Any other materials containing lithium eariched in the 6 isotope (including
compounds, mixtures, and concentrates), excepr Li incorporated in
thermolurninescery dosimeters.

Annex 2-2
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2.11.  Magnesium (high purity) containing both less than 200 parts per million by weight
of metallic impurities other than calcium and less than 10 parts per million of
boron.

2.12. Maraging steel capable of an ultimate tensile strength of 2050 MPa (2.050
x 10° N/m?) (300,000 Ib/in.?) or more at 293 K (20°C) excepe forms in which no linear
dimension aceeds 75 mm.

Technical Note: The phrase “capable of” encompasses maraging steel before or after heat
treatment.

2.13. Radium-226 excepr radium consained in medical applicators.

2.14. Titanium alloys capable of an uitimate tensile strength of 900 MPa (09 x 10’ N/m?)
(130,500 Ib/in.%) or more at 293 K (20°C) in the form of tubes or solid forms
(including forgings) with an outside diameter of more than 75 mm (3 in.).

Technical Note: The phrase “capable of” encompasses titanium alloys before or after heat
treatment.

2.15. Tungsten, as follows: parts made of tungsten, tungsten carbide, or tungsten alloys
(greater than 90% tungsten) having a mass greater than 20 kg and a bollow
cylindrical symmetry (including cylinder segments) with an inside diameter grester
than 100 mm (4 in.) but less than 300 mm (12 in.), excepe parts spedifically designed
for use as weights or gamma-ray collimators.

[RS]

.16. Zirconium as follows: metal, alloys containing more than 50% zirconium by weight,
and compounds in which the ratio of hafnium content to zirconium content is less
than 1 part to 500 parts by weight, and manufactures wholily thereof; except Zirconium
in the form of foil having a thickness not exceeding 0.10 mm (0.004 in.).

Technical Note: This control applies to waste and scrap containing zirconium as defined
here.

Annex 2-3
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3a.

URANIUM ISOTOPE SEPARATION EQUIPMENT AND COMPONENTS

Electrolytic cells for fluorine production with a production capacity greater than
250 g of Muorine per hour.

Rotor fabrication and assembly equipment and bellows-forming mandrels and dies,
as follows:

(a)

(b)

(¢)

Rotor assembly equipment for assembly of gas centrifuge rotor tube sections,
baffles, and end caps. Such equipment includes precision mandrels, clamps,
and shrink fit machines.

Rotor straightening equipment for alignment of gas centrifuge rotor tube
sections to a commoa axis. (Note: Normally such equipment will consist of
precision measuring probes linked to a computer that subsequently controls
the actioa of, for example, pneumatic rams used for aligning the rotor tube
sectioas.)

Bellows-forming mandreis and dies for producing single-coavolution bellows
(bellows made of high-strength aluminum alloys, maraging steel, or high-
strength filamentary materials). The bellows have all of the following
dimensions:

(1) 75-mm to 400-mm (3-in. to 16-in.) inside diameter;
) 12.7 mm (05 in.) or more in length; and
A3) single convolution depth more than 2 mm (0.08 In.).

Centrifugal multiplane balancing machines, fixed or portable, borizontal or vertical,
as follows:

(a)

(b

Centrifugal balancing machines designed for balancing flexible rotors having
8 length of 600 mm or more and having all of the following characteristics:
(1) a swing or journal diameter of 7S mm or more;

2) mass capability of from 09 to 23 kg (2 to 50 Ib.); and

3) capabie of balancing speed of revolution more than 5000 rpm;

Centrifugal balancing machines designed for balancing bollow cylindrical

rotor components and having all of the following characteristics:

(1) 8 Journal diameter of 7S mm or more;

2) mass capability of from 0.9 to 23 kg (2 to 50 Ib.);

Q) capable of balancing to a residual imbalance of 0.010 kg mm/kg per
: plane or better; and

4) belt drive type;

and "specially designed sotftware’ therefor.

Annex 3-1
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34. Filament winding machines in which the motions for positioning, wrapping, and
winding fibers are coordinated and programmed in two or more axes, specially
designed to fabricate composite structures or laminates from fibrous and filamentary
materials and capable of winding cylindrical rotors of diameter between 75 mm
(3 in.) and 400 mm (16 in.) and lengths of 600 mm (24 in.) or greater; coordinating
and programming controls therefor; precision mandrels; and “specially designed
software” therefor.

35.  Frequency changers (aiso known as converters or inverters) or generators having ail
of the following characteristics:

(@)
()
(c)
(d)

A multiphase output capable of providing a power of 40 W or more;
Capable of operating in the frequency range between 600 and 2000 Hz;
Total harmonic distortion below 10%; and

Frequency controf better than 0.1%.

except such frequency changers specially designed or prepared to supply “motor stators® (as
defined below) and having the characteristics listed in (b) and (d) above, together with a
total harmonic distortion of less than 2% and an efficiency of greater than 80%.

Definition:

"Motor stators™: specially designed or prepared ring-shaped stators for high-speed

multiphase AC hysteresis (or reluctance) motors for synchronous
operation within a vacuuum in the frequency range of 600-2000 Hz
and a power range of 50-1000 VA. The stators consist of multiphase
windings on a laminated low-loss iron core comprising thin layers
typically 2.0 mm (008 in.) thick or less.

3.6.  Lasers, laser amplifiers, and oscillators as follows:

(a)

(®)

(c)

Annex 3-2

Copper vapor lasers with 40 W or greater average output power operating at
wavelengths between 500 nm and 600 nm;

Argon ion lasers with greater than 40 W average output power operating at
wavelengths between 400 nm and 515 om;

Neodymium-doped (other than giass) lasers as follows:

8] having an output wavelength between 1000 nm and 1100 am, being
pulse-excited and Q-switched with a pulse duration equal to or
greater than 1 os, and having either of the following:

(a) A single-transverse mode cutput having an average output
power exceeding 40 W;

(b) A multiple-transverse mode output having an average output
power exceeding 50 W;
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(d)

(e)

n

(b)

4y

(2) operating at a wavelength between 1000 nm and 1100 am and
incorporating frequency doubling giving an output wavelength between
500 am and S50 nm with an average power at the doubled frequency
(new wavelength) of greater than 40 W;

Tunable pulsed singie-mode dye oscillators capable of an average power
output of greater than 1 W, a repetition rate greater than 1 kHz, a pulse less
than 100 ns, and a wavelength betweea 300 nm and 800 nm;

Tunable puised dye laser amplifiers and oscillators, excepr singie mode
asallaiors, with an average power output of greater than 30 W, a repetition
rate greater than 1 kHz, a pulse width less than 100 ns, and a wavelength
between 300 nm and 800 nm;

Alexandrite lasers with a bandwidth of 0.005 am or less, a repetition rate of

greater than 125 Hz, and an average power output greater than 30 W
operating at wavelengths between 720 nm and 800 am;

Msedurbond)oxidehnnwithampedﬁmmeguwthmZSOHz,m
average power output of greater than 500 W, and a puise of less than 200 ns
operating at wavelengths between 9000 nm and 11,000 am;

NB. This specification is not intended to coatrol the higher power
(typically 1 to 5§ kW) industrial CO, lasers used in applications such
as cutting and welding, as these iatter lasers are either continnous
wave or are pulsed with a puise width more than 200 ns.

Pulsed excimer lasers (XeF, XeCl, KrF) with a repetition rate greater than
250 Hz and an average power output of greater than 500 W operating at
wavelengths of bedtween 240 and 360 nm;

Para-bydrogen Raman shifters designed to operate at 16 um output
wavelength and at a repetition rate greater than 250 Hz.

Technica] Note: Machine tools, measuring devices, and associated technology that have the
potential for use in the nuclear industry are controlled under items 12 and 13 of this list.

3.7.

Mass spectrometers capable of measuring lons of 230 atomic mass units or greater
and having a resolution of better than 2 parts in 230, and lon sources therefor as
follgws:

(2)
(b)
(c)
(d)

Inductively coupled plasma mass spectrometers (ICP/MS);
Glow discharge mass spectrometers (GDMS);
Thermal ionization mass spectrometers (TIMS);

Electron bombardment mass spectrometers which have a source chamber
constructed from or lined with or plated with materials resistant to UF;

Annex 3-3
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(e) Molecular beam mass spectrometers as follows:

(1) which have a source chamber constructed from or lined with or plated
with stainless steei or molybdenum and have a coid trap capabie of
cooling to 193 K (-80°C) or less; or

2) which have a source chamber constructed from or lined with or plated
with materials resistant to UF; or

n Mass spectrometers equipped with a microfluorination ioa source designed
for use with actinides or actinide fluorides; .

specially 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;

) Ion sources coastructed of or lined with nichrome or moael or nickel-

plated;
3) Electron bombardment jonization sources;
4) Having a collector system suitable for isotopic analysis.

Instruments capable of measuring pressures up to 13 kPa (2 psi, 100 torr) to an
accuracy of better than 1% (full-scale), with corrosion-resistant pressure-sensing
elements constructed of nickel, nickel alloys, phosphor broaze, stainless steel,
aluminum, or aluminum alloys.

Vaives S mm (02 in.) or greater in diameter, with a bellows seal, wholly made of or
lined with aluminum, aluminum alloy, nickel, or alloy coataining 60% or more
nickel, either manuaily or sutomatically operated.

Superconducting solenoidal electromagnets with all of the following characteristics:
(a) capable of creating magnetic fields of more than 2 teslas (20 kilogauss);

(b) with an L/D (length divided by inner diameter) greater than 2;

(c) with an inner diameter of more than 300 mm; and

(d)" with a magnetic field uniform to better than 1% over the central 50% of the
inner volume.

The item does not cover magnets specially designed for and exported as parts of medical
nuclear magnetic resonance (NMR) imaging systems. It is understood that the wording "as
part of" does not necessarily mean physical part in the same shipment. Separate shipments
from different sources are allowed, provided the related export documents dearly specify the
*part of" relationship.
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3.11.

Vacuum pumps with an input throat size of 38 cm (15 in.) or greater with a pumping
speed of 15,000 liters/second or greater and capable of producing an ultimate
vacuum better than 10 Torr (0.76 x 10* mbar).

Technical Note: The ultimate vacuuum is determined at the input of the pump with the
input of the pump blocked off.

3.12.

3.13.

3.14.

Notes:

L)

Direct curreat high-power supplies capable of coatinuously producing, over a time
period of 8 hours, 100 V or greater with current output of 500 amps or greater and
with current or voltage regulation better than 0.1%.

High-voltage direct current power supplies capable of coatinuously producing, over a
time period of 8 hours, 20,000 V or greater with current output of 1 amp or greater
and with current or voitage regulation better than 0.1% .

Electromagnetic isotope separators, designed for or equipped with, single or multiple
ion sources capable of providing a total ion beam current of S0 mA or greater.

This entry will control separators capabie of enriching stable isotopes as well as those
for uranium. A separator capable of separating the isotopes of lead with a one-mass
urut difference is inherently capable of enriching the isotopes of uranium with a
three-unit mass difference.

This entry includes separators with the ion sources and collectors both in the
magnetic field and those configurations in which they are external to the field.

A single 50-mA ion source will produce less than 3 g of separated HEU per year
from natural abundance feed.
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HEAVY WATER PRODUCTION PLANT RELATED EQUIPMENT
(Other Than Trigger List Items)

Specialized packings for use in separating heavy water from ordinary water and
made of phosphor bronze mesh or copper (both chemically treated to improve
wettability) and designed for use in vacuum distillation towers.

Pumps circulating solutions of diluted or concentrated potassium amide catalyst In
liquid ammoaia (KNH,/NH,), with all of the following characteristics:

(a) airtight (Le., hermetically sealed);

(b) for concentrated potassium amide solutions (1% or greater), operating
pressure of 1.5-60 MPa [15-600 atmospheres (atm)); for dijute potassium
amide solutions (less than 1%), operating pressure of 20-60 MPa (200-
600 atm); and

() a capacity greater than 85 m’/h (5 cubic feet per minute).

Water-hydrogen sulfide exchange tray columns coastructed from fine carbon steel
(such as ASTM AS516) with a diameter of 1.8 m (6 fi.) or greater to operate at a
nominal pressure of 2 MPa (300 psi) or grester, except columns which are specially
designed or prepared for the production of heavy water. Internal contactors of the
columns are segmented trays with an effective assembled diameter of 1.8 m (6 ft.) or
greater, such as sieve trays, valve trays, bubble cap trays, and turbogrid trays
designed to facilitate countercurrent coatacting and constructed of materials
resistant to corrosion by hydrogen sulfide/water mixtures, such as 304L or 316
stainiess steel

Hydrogen-cryogenic distillation columns having all of the following applications:

(a) designed to operate with internal temperatures of -238°C (35 K) or less:

(b) designed to operate at internal pressure of 0.5 to $ MPa (5 to
S0 atmospheres);

(c) constructed of fine-grain stainless steels of the 300 series with low sulfur
content or equivalent cryogenic and H,~compatible materials; and

(d) with internai diameters of 1 m or greater and effective lengths of S m or
greater.
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4.5, Ammonia synthesis convertors, ammonia synthesis units in which the synthesis gas
(nitrogen and hydrogen) is withdrawn from an ammonia/hydrogen high-pressue
exchange column and the synthesized ammonia is returned to said column.

Annex 4.2
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S. IMPLOSION SYSTEMS DEVELOPMENT EQUIPMENT

S.1.  Flash x-ray generators or pulsed electron accelerators with peak energy of 500 keV
or greater, as follows, excepr accelerators that are component parts of devices designed
for pwpases other than electron beamn or x-ray radiation (electron microscopy, for
aarmple) and those dexigned for medical purposes:

(a) Having an accelerator peak electroa energy of 500 keV or greater bat less

than 25 MeV and with a figare of merit (K) of 025 or greater, where X Is
defined as:

K=17x10°V*Q |

where V is the peak electron energy in millioa electron voits and Q is the
total acceierated charge in coulombs if the accelerator beam pulse duration is
less than or equal to 1 us; if the accelerator beam pulse duration Is greater
than 1 us, Q is the maximum accelerated charge in 1 us [Q equals the
integral of i with respect to ¢, over the lesser of 1 us or the time duration of
the beam pulse (Q = [idr), where i Is beam current in amperes and ¢ is time
in seconds] or,

(b) Having an sccelerator peak electron energy of 25 MeV or greater and a peak
power greater than 50 MW. [Peak power = (peak potential in voits) x (peak
beam current in amperes).]

Technical Note:
Iime duration of the beam pulse -~ In machines, based on microwave accelerating cavities,

the time duration of the beam pulse is the lesser of 1 us or the duration of the bunched
beam packet resulting from one microwave modulator pulse.

Peak beam current — In machines based on microwave accelerating cavities, the peak beam
current is the average current in the time duration of a bunched beam packet.

52.  Multistage light gas guns or other high-velocity gun systems (coil, electromagnetic,
electrothermal, or other advanced systems) capable of accelerating projectiles to
2 km per second or greater.

§3.  Mechaniaal rotating mirror cameras

Mechanical framing cameras with recording rates greater than 225,000 frames per
second; streak cameras with writing speeds greater than 0.5 mm per microsecoad;
and parts, including specially designed synchronizing electronics and specially
designed rotor assemblies (consisting of turbines, mirrors, and besrings).
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5.4, Electronic streak and framing cameras and tubes as follows:
(a) Electronic streak cameras capable of 50 ns or less time resolution and streak
tubes therefor; :
(b)  Electroaic (or electronically shuttered) framing cameras capable of 50 ns or
less frame exposure time;
. () Framing tubes and solid-state imaging devices for use with cameras

controlled in sub-item (b) above, as follows:

(1)  proximity focused image intensifier tubes having the photocathode
deposited on a transparent coaductive coating to decrease
photocathode sheet resistance;

) gate silicon intensifler target (SIT) vidicon tubes, where a fast system
allows gating the photoelectrons from the photocathode before ihey
impinge on the SIT plate;

A) Kerr or pockel cell electro-optical shuttering; or

(4)  Other framing tubes and solid-state imaging devices having a fast-
image gating time of less than S0 ns specially designed for cameras
coatrolied by sub-item (b) above.

SS.  Specialized instrumentation for hydrodynamic experiments as follows:

(a)

(b)

()

Annex 5.2

Velocity interferometers for measuring velocities in excess of 1 km per second
during time intervals less than 10 us. (VISARs, Doppler laser
interferometers, DLIs, etc.);

manganin gauges for pressures greater than 100 kilobars; or

quartz pressure transducers for pressures greater than 100 kilobars.
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6. EXPLOSIVES AND RELATED EQUIPMENT
6.1.  Detonators and multipoint initiation systems (exploding bridge wire, slapper, etc.)
(a) Electrically driven explosive detonators as follows:

(1 exploding bridge (EB);

(2)  exploding bridge wire (EBW);
(€)] slapper; and

“4) exploding foil initiators (EFT).

(b) Arrangements using single or multiple detonators designed to nearly
simuitaneously initiate an explosive surface (over greater than 5000 mm?)
from a single firing signal (with an initistion timing spread over the surface
of less than 2.5 us).

Description clarification: The detonators of concern all utilize a small electrical
conductor (bridge, bridge wire, or foil) that explosively vaporizes when a fast, high-
current electrical pulse is passed through it. In nonsiapper types, the exploding
conductor starts a chemical detonation in a coatacting high-explosive material such
as PETN (pentaerythritoltetranitrate). In slapper detonators, the explosive
vaporization of the electrical conductor drives s *flyer” or “slapper” acruss a gap, and
the impact of the slapper on an explosive starts a chemical detonation. The slapper
in some designs is driven by magnetic force. The term “exploding foll* detonator
may refer to either an EB or a slapper-type detonator. Also, the word *lnitiator” is
sometimes used in place of the word *detoaator.”

Detonators using only primary explosives, such as lead azide, are not subject to
controL

.62.  Electronic components for firing sets (switching devices and pulse discharge
capacitors)

62.1. Switching devices
(a) Cold-cathode tubes (including gas krytroa tubes and vacuum sprytron tubes),
whether gas filled or not, operating similariy to a spark gap, containing three
or more electrodes, and having all of the following characteristics:
1) Anode peak voitage rating of 2500 V or more,
) Anode peak current rating of 100 A or more,
A3) Anode delay time of 10 us or less, and

(b) Triggered spark-gaps having an anode delay time of 15 us or less and rated
for a peak current of 500 A or more;
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(<)

Modules or assemblies with a fast switching function having all of the
following characteristics:

) Anode peak voitage rating greater than 2000 V;
(2)  anode peak current rating of 500 A or more; snd
A3) turm-oa time of 1 gs or less.

622. Capacitors with the following characteristics:

63.

64.

Annex

(a)

(b)

Voltage rating greater than 1.4 kV, energy storage greater than 10 J,
capacitance greater than 0.5 uF, and series inductance less than 50 nH, or

Voltage rating greater than 750 V, capacitance greater than 0.25 uF, and
series inductance less than 10 aH.

Firing sets and equivalent high-current pulse generators (for coatrolied detonators),
as follows: .

(a)

(b)

Explasive detonator firing sets designed to drive muitiple controlled
detonators covered under item 6.1. above;

Modular electrical puise generators (pulsers) designed for partable, mobile,
or ruggedized use (including xenon flash-lamp drivers) having all the
following characteristics:

1) capable of delivering their energy in less than 15 us;

2) having an cutput greater than 100 A;

3) having a rise time of less than 10 us into loads of less than 40 ohms.
(Rise time is defined as the time interval from 10% to 90% current
amplitude when driving a resistive load);

(4) -enclosed in a dust-tight enclosure;

(S) no dimension greater than 25.4 am (10 in.);

(6)  weight less than 25 kg (55 Ib.); and

(€)) specified for use over an extended temperature range (-S0°C to
100°C) or specified as suitable for aerospace use.

High explosives or substances or mixtures containing more than 2% of any of the
following:

(a)

®)

6-2

Cyclotetramethylenetetranitramine (HMX);

Cyclotrimethylenetrinitramine (RDX);



NPT/CONF.1995/7/Part II
English
Page 89

(c) Triaminotrinitrobenzene (TATB);

) Any explosive with a crystal density greater than L8 g/cm’ and having a
detonation velocity greater than 8000 m/s; or

(e) Hexaanitrostilbene (HNS).

Annex 6-3
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7.1

NUCLEAR TESTING EQUIPMENT AND COMPONENTS

Oscilloscopes and transient recorders and specially designed components as follows:
plug-in units, external amplifiers, pre-ampiifiers, sampling devices, and cathode ray
tubes for analog oscilloscopes.

&}

(b)

(€)

(d)

Non-meodular analog oscilloscopes having a “bandwidth® of 1 GHz or greater;

Modular analog oscilloscope systems having either of the following
characteristics:

(i) s mainframe with a "bandwidth*® of 1 GHz or greater; or
(ii) Plug-in.modules with an individual "bandwidth® of 4 GHz or grester;

Analog sampling oscilloscopes for the analysis of recurring phenomena with
an effective "bandwidth” greater than 4 GHxz

Digital oscilloscopes and transient recorders, using analog-to-digital
conversion techniques, capable of storing transients by sequentially sampling
single-shot inputs at successive intervals of less than 1 as (greater than

1 giga-sample per second), digitizing to 8 bits or greater resolution and
storing 256 or more samples.

Technical Note: "Bandwidth” is defined as the band of frequencies over which the deflection
on the cathode ray tube does not fall below 70.7% of that at the maximum point measured
with a constant input voltage to the oscilloscope amplifier.

72.

74.

Photomultiplier tubes with a photocathode area of greater than 20 cm? having an
anode puise rise time of less than 1 ns.

High-speed pulse generators with output voltages greater than 6 V into a less than
55-0hm resistive load, and with pulse transition times less than 500 ps (defined as
the time interval between 10% and 90% voitage amplitude).

Annex 7-1
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OTHER

Neutron generator systems, including tubes, designed for operation without an
external vacuum system and utilizing eiectrostatic acceleration to induce a tritium-
deuterium nuciear reactioa.

Equipmeat related to nuclear material handling and processing and to nociear
reactors as follows:

Remote manipulators that provide mechanical transiation of human operator actions
by electrical, hydraulic, or mechanical means to an operating arm and terminal
fixture that can be used to provide remote actioas in radiochemical separation
operations and “hot cells." The manipulators have a capability to penetrate 0.6 m or
more (2 ft. or more) of cell wall or, alternatively, bridge over the top of a cell wall
with a thickness of 0.6 m or more (2 f. or more);

High-density (lead glass or other) radiation shielding windows greater than 03 m
(1 ) oa a side and with a density greater than 3 g/cm’ and a thickness of 100 mm
or greater; and specially designed frames therefor;

Radiation-hardened TV cameras specially designed or rated as radiation hardened to
withstand greater than 5 x 10* grays (Si) (S x 10° rad (Si)) without operational
degradation and specially designed lenses used therein.

Tritium, tritium compounds, and mixtures containing tritium in which the ratio of
tritium to hydrogen by atoms exceeds ! part in 1000 excepr a product or device
coruaining no¢ more than 40 Q3 of tritium in any chemical or physical form.

Facilities or plants for the production, recovery, extraction, concentration, or
handling of tritium, and equipment as follows:

(a) Hydrogen or helium refrigeration units capable of cooling to -250°C (23 K)
or less, with heat removal capacity greater than 150 watts or

(b)  Hydrogen isotope storage and purification systems using metal hydrides as
the storage, or purification wmedium.

Platinized catalysts specially designed or prepared for promoting the hydrogen
isotope exchange reaction between hydrogen and water for the recovery of tritium
from heavy water or for the production of heary water.

Annex 8-1
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8.6. Helium in any form isotopically enriched in the helium-3 isotope, whether or not
mixed with other materials or contained in any equipment or device, acept produces
or devices coruaining less than 1 g of helium-3.

8.7. Alpha-emitting radionuclides and equipment containing such radionuclides as
follows:

All alpha-emitting radioauclides having an alpha half-life of 10 days or greater but
less than 200 years, including compounds and mixtures containing these
radionuclides with a total alpha activity of 1 curie per kilogram (37 GBg/kg) or
wter.wfwmmu than 100 millicuries (3.7 GBq) of alpha activity
per device

Annex 8-2
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ANNEX APPENDIX: Detailed Specifications for Machine Tools
(Item 1.2, in List of Nuclear Duai-Use Export Controls)

“Numerical coatrol® units, specially designed “motion control boards® for *mumerical
coatrol® applications on machine tools, “numerically controlled® machine tools,
specially designed "software,” and technology as follows.

*Numerical control® units for machine tools, as follows:

(1)  Having more than four interpolating axes that can be coordinated
simultaneously for “contouring control® or

(2)  Having two, three, or four interpolating axes that can be coordinated
simultaneously for “contouring control® and one or more of the following
conditions are fulfilled:

@) Capable of “real-time processing” of data to modify the tool path
during the machining operation by automatic calculation and
modification of “part program® data for machining in two or more axes
by means of measuring cycies and access to source data;

(ii)  Capable of receiving directly (on-line) and processing computer-aided
design (CAD) data for internal preparation of machine instructions; or

(iii) Capable, without modification, according to the manufacturer’s
technical specifications, of accepting additional boards that would
permit increasing the number of interpolating axes that can be
coordinated simultaneously for "contouring control,” above the control
levels, even if they do not contain these additional boards.

*Motion coatrol boards® specially designed for machine tools having cne or more of

the following characteristics:

(1)  Providing interpolation in more than four axes;

(2) Capable of “real time processing® described in (a)}(2)(i); or

(3) Capable of receiving and processing CAD data as described in (a)(2)(ii)
above.

- () Lunned o the minimum neeaary fa'tbeue(i.e., :nsnllmon.
operation, and maintenance) of these units.

Machine tools, as follows, for removing or cutting metals, ceramics, or compaosites,
which, according to the manufacturer’s technical specifications, can be equipped with
electronic devices for simultaneous "contouring control® in two or more axes:

Annex A-1
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L The c-axis on jig grinders used to maintain gnndmg wheels normal to the work
surfaces is not considered a contouring rotary axis.

2. Not counted in the total number of contouring axes are secondary paraliel
contouring axes, e.g., a secondary rotary axis, the center line of which is parallel
to the primary rotary axis.

3. Axis nomenclature shall be in accordance with International Standardrlso 841,
“Numerical Control Machines Axis and Motion Namendature.® %

4. Rotary axes do not necessarily have to rotate over 350%:A rotaxy axis can be
driven by a finear device, e.g., a screw or a rack-and-pinion.

(1) Machine tools for turning, grinding, milling, or any combination thereof that:
(i) Have two or more axes that can be coordinated simultaneously for
“contouring control*; and
(i)  Have any of the following characteristics:
(A)  Two or more contouring rotary axes;
(B) One or more contouring 'ulung spmdla s

(c)(l)(n)(B) gppbs to mdnnuoohicr grinding or milling anly.

(C) “*Camming” (axial displacement) in oae revolution of the
spindle less (better) than 0.0006 mm total indicator reading
(TIR);

Note: (c)(1)()(C) applies to machine tools for turning aoly.

(D)  "Run out® (out-of-true running) in one revolution of the spindle
less (better) than 0.0006 TIR.
(E) The “positioning accuracies,” with all compeasations available,
are less (better) than:
(1)  0.001° on any rotary axis
() (a)  0.004 mm aiong any linear axis (overall
positioning) for grinding machines
(b)  0.006 mm along any linear axis (overall
positioning) for milling or mrmng machm&

Em.:‘. {cX1)AD(E)(2)(b) does uot control milling ér
. machine tools with a positioning accuracy aloag one
wans,%:ﬂeom:nﬂnﬂe.equﬂto
or greater (worse) than 0.005 mm. - :
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Notes: 1. Sub-item {c) does not control cylindrical
external, intemnal, and external-internal
grinding machines having all of the following

charaaetmacs.
(a) Not eentedes (shoe-lype) grinding
machines; ...

"(b) .limited:oqlmdrml grmdmg;
(<) A maximum workpiece outside

dnme&eroriengthoflSOmm,
@ Onlytwomthﬂcmbe :

avn'hhle,mnot jess
(notbe(ter)than

@) Electrical discharge machines (EDM);
(i) Of the wire feed type that have five or more axes that cun be
coordinated simultaneously for “contouring control*;
(ii) Non-wire EDMs that have two or more contouring rotary axes and
that can be coordinated simultaneously for “contouring controtl.”

Annex A3
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3 Other machine tools for removing metals, ceramics, or composites:
(1) By means of:
(A)  Water or other liquid jets, including those employing abrasive
additives;
(B)  Electron beam; or
(C) ‘Laser” beam; and
(i)  Having two or more rotary axes that:
(A) Can be coordinated simultaneously for "contouring control”;
and .
(B) Have a "positioning accuracy” of less (better) than 0.003°.
(d) *Software"
(1)  “Software" specially designed or modified for the "development,” “production,”
or ‘use’ of equipment coatrolled by sub-categories (a), (b), or () above;
(2)  Specific "software,” as follows:
(i) *Software" to provide “adaptive control® and having both of the
following characteristics:
(A) For “flexible manufacturing units® (FMUS) that consist at least
of equipment described in (b)(1) and (b)(2) of the definition of
*flexible mnmcumng units*; and
(B) Capable of generating or modliymg. in "real time processing,*
“part program" data by using the signals obtained
simultaneously by means of at least two detection techniques,
such as:
(1)  Machine vision (optical ranging);
(@) Iofwedimagog
(3)  Acoustical imaging (acoustical ranging);
(4) Tacile measurement;
(5) Inertial positioning;
(6) Force measurement;
(7) Torque measurement.

’Ihnsub-mdosnotconmho&me‘d:nonlypmdu
of functiona idqmmlqmpmanmthm‘ﬂm'ble

(ii)  “Software" for electronic devices other than those described in sub-
items (a) or (b) that provides the “numerical control® capability of the
equipment controlled in sub-item 12
(¢)  Technology
(1)  “Technology" for the "development® of equipment controlled by sub-items (a),
(b), or (c) above, (f) or (g) below, and of the sub-item (d).
(2) “Technology" for the “production® of equipment controlled by sub-items (a),
(b), or (c) above, (f) or (g) below;
(3)  Other “technology™
() For the *development® of interactive graphics as an integrated part in
*numerical control* units for preparation or modification of “part
programs®;
(ii)  For the "development” of integration “software® for incorporation of
expert systems for advanced decision support of shop floor operations
into *numerical control® units.

Annex A4
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Components and parts for machine tools coatrolled by sub-item (c) as follows:

(1)

(2

©)

)

&)

Spindle assemblies, consisting of spindies and bearings as 2 minimal assembly,

with radial ("run-out®) or axial ("camming”) axis motion in one revolution of

the spindle less (better) than 0.0006 mm TIR;

Linear position feedback units (e.g, inductive-type devices, graduated scales,

“laser,” or infrared systems) having, with compensation, an overall "accuracy”

better than 800 + (600 x L x 10%) nm , where L equals the effective length in

millimeters of the linear measurement; excepr measuring interferometer

systems, without closed or open loop feedback, containing a “laser” to measure

slide movement errors of machine tools, dimeasional inspection machines, or

similar equipment;

Rotary position feedback units (e.g., inductive-type devices, graduated scales,

*laser,” or infrared systems) having, with compensation, an “sccuracy” less

(better) than 0.00025° of arc; excepr measuring interferometer systems,

without closed or open loop feedback, containing a "laser” to measure slide

movement errors of machine tools, dimensional inspection machines, or

similar equipment;

Slide way assemblies consisting of a minimal assembly of ways, bed, and slide

having all of the following characteristics:

(i) A yaw, pitch, or roll of less (better) than 2 seconds of arc TIR (Ref.
ISO/DIS 230-1 over full travel);

(ii) A borizontal straightness of less (better) than 2 um per 300 mm
length; and

(ii) A vertical straightness of less (better) than 2 um over full travel per
300 mm length;

Single-point diamond-cutting tool inserts having all of the following

characteristics:

(i) A flawless and chip-free cutting edge when magnified 400 times in any
direction;

(i) A cutting radius out-of-roundness less (better) than 0.002 mm TIR
(also peak-to-peak); and

(ii) A cutting radius between 0.1 and 5.0 mm, incdlusive.

Specially designed components or sub-assemblies, as follows, capable of upgrading,
sccording to the manufacturer’s specifications, "numerical control® units, motion
coatrol boards, machine tools, or feedback devices to or above the levels controlled
in sub-items (a), (b), (), (N(2), or (N(3):

(D
@

Printed circuit boards with mounted components and "software* therefor;
“Compound rotary tables.”

Technical Note: Definitions of Terms:

“accuracy” = Usually measured in terms of inaccuracy, defined as the maximum deviation,

positive or negative, of an indicated value from an accepted standard or true value.

*adaptive control” — a control system that adjusts the response from conditions detected

during the operation (Ref. ISO 2806-1980).

*camming” (axial displacement) — Axial displacement in one revolution of the main spindle

measured in a plane perpendicular to the spindle faceplate at a point next to the
circumference of the spindle faceplate (Ref 1SO 230 Part 1-1986, paragraph 5.63).
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"compound rotary tabie” — A table allowing the workpiece 10 rotate and tilt about two non-
parallel axes, which can be coordinated simuitaneously for “contouring control.”

“contouring control” — Two or more "numerically controlied” motions operating in accordance
with instructions that specify the next required position and the required feed rates to that
position. These feed rates are varied in relation to each other so that a desired contour is
generated (Ref. ISO/DIS 2806-1980).

“digital computer” — Equipmeat which can, in the form of one or more discrete varniables:
a. Accept data;
b. Store data or instructions in fixed or alterable (writable) storage devices;
c Process data by means of a stored sequence of instructions which is
modifiable; and
d. Provide output of data.

NB: Modifications of a stored sequeance of instructions incude replacement of
fixed storage devices, but not a physical change in wiring or interconnections.

“flexible manufacturing unit (FMU)" [sometimes also referred to as *flexible manufacturing
system" (FMS)" or *flexible manufacturing cell (FMC)")
An entity which includes a combination of at least:
a. A “digital computer® inciuding its own “main storage® and its own related
equipment; and
b. Two or more of the following:
1. A machine tool described in Section 12.;
2. A dimensional inspection machine described in Section 13.;
3. A “robot” controlled by Section 1.6.;
4, Digitally controlled equipment controlled by Section 3.4.

“laser” — An assembly of components which produce coherent light that is amplified by
stimulated emission of radiation.

“main storage” — The primary storage for data or instructions for rapid access by a central
processing unit. It consists of the internal storage of a “digital computer® and any

hierarchical extension thereto, such as cache storage or noa-sequentially accessed extended
storage.

*microprogram” — A sequence of elementary instructions, maintained in a special storage, the
execution of which is initiated by the introduction of its reference instruction into an
instruction register.

*motion control board” — An electronic assembly specially designed to provide a computer
system with the capability to coordinate simultaneously the motion of axes of machine tools
for “contouring control."

“numerical control” — The automatic control of a process performed by a device that makes
use of numeric data usually introduced as the operation is in progress (Ref. ISO 2382).

“part program” — An ordered set of instructions in a language and in a format required to
cause operations to be effected under automatic control, which is either written in the form
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of a machine program on an input medium or prepared as input data for processing in a
computer to obtain a machine program (Ref. ISO 2806-1980).

“positioning accuracy”

Of "numerically controlled” machine tools is to be determined and presented in
accordance with paragraph 2.13, in conjunction with the requirements below:
Test conditions (ISO/DI1S/230/2, paragraph 3):

(3

(®)

(©)

(1)

@
3)

)

For 12 hours before and during measurements, the machine tool and

accuracy measuring equipment will be kept at the same ambient

temperature. During the premeasurement time, the slides of the

machine will be continuously cyded ideatically to the way they will be

cycled during the accuracy measurements;

The machine shall be equipped with any mechanical, electronic, or

software compensation to be exported with the machine;

Accuracy of measuring equipment for the measurements shall be at

least four times more accurate than the expected machine tool

accuracy;

Power supply for slide drives shall be as follows:

(i) Line voltage variation shall not be greater than £10% of
nominal rated voltage;

(ii)  Frequency variation shall not be greater than +2 Hz of normal
frequency;

(iii) Lineouts or interrupted service are not permitted.

Test Program (paragraph 4):

(1)

(2

3

Feed rate (velocity of slides) during measurement shall be the rapid

traverse rate;

N.B.: In the case of machine tools which generate optical quality
mriwes,thefeednteshaﬂbeequaltoorlasthanmmmpcr
minute;

Measurements shall be made in an incremental manner from one Limit

of the axis travel to the other without returning to the starting position

for each move to the target position;

Axanoxbemgmamredshaﬂbereumedatmd—mddumgtwof

an axis.

Presentation of test resuits (paragraph 2):
The results of the measurements must include:

(1)
e))

“positioning accuracy” (A) and
The mean reversal error (B).

“program” — A sequence of instructions to carry out a process in, or convertible into, a form
executable by an electronic computer.

*real-time processing” — Processing of data by an electronic computer in respoase to an
external event according to time requirements imposed by the external event.

‘robot” — A manipulation mechanism, which may be of the continuous path or of the point-
to-point variety, may use "sensors® and has all the following characteristics:

Is multifunctional;

Is capable of positioning or onenung matenal. parts, tools or special devices
through variable movements in three-dimensional space;

a.
b.
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c. Incorporates three or more closed or open loop servo-devices which may
include stepping motors; and

d. Has "user-accessible programmability” by means of teach/playback method or
by means of an electronic computer which may be a programmable logic
controller, ie., without mechanical intervention

N.B: The above definition does not include the following devices:

a. Manipulation mechanisms which are only manually/teleoperator
controllable;

b. Fixed sequence manipulation mechanisms which are automated
moving devices, operating according to mechanically fixed
programmed motions. The program is mechanically limited by fixed
stops, such as pins or cams. The sequence of motions and the
selection of paths or angles are not variable or changeable by
mechanical, electronic or electrical means;

c Mechanically controlied variable sequence manipulation mechanisms
which are automated moving devices, operating according to
mechanically fixed programmed motions. The program is
mechanically limited by fixed, but adjustable, stops, such as pins or
cams. The sequence of motions and the selection of paths or angies
are variable within the fixed program pattern. Variations or
modifications of the program pattern (e.g., changes of pins or
exchanges of cams) in one or more motion axes are accomplished only
through mechanical operations;

d. Non-servo-controlied variable sequence manipulation mechanisms
which are automated moving devices, operating according to
mechanically fixed programmed motions. The program is variable, but
the sequence proceeds only by the binary signal from mechanically
fixed electrical binary devices or adjustable stops;

e Stacker cranes defined as Cartesian coordinate manipulator systems
manufacrured as an integral part of a vertical array of storage bins and
designed to access the contents of those bins for storage or retrieval.

*run out" (out-of-true running) — Radial displacement in one revolution of the main spindle
measured in a plane perpendicular to the spindle axis at a point or. the external or internal
revolving surface to be tested (Ref. ISO 230 Part 1-1986, paragraph 5.61).

*sensors” — Detectors of a physical phenomenon, the output of which (after conversion into 2
signal that can be interpreted by a controller) is able to generate "programs® or modify
programmed instructions or numerical program data. This indudes “seasors® with machine
vision, infrared imaging, acoustical imaging, tactile feel, inertial position measuring, optical or
acoustic ranging or force or torque measuring capabilities.

*software” — A collection of one or more “programs® or "microprograms" fixed in any tangible
medium of expression.

“tilting spindle” — A tool-holding spindle that, during the machining process, alters the
angular position of its center line with respect to any other axis.
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“user-accessible programmabiiny”
The facility allowing a user to insert, modify or replace "programs” by means other
than:
(a) A physical change in wiring or interconnections; or
(b)  The setting of function controls including entry of parameters.
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