ZAKON

O POTVRPIVANJU DODATNOG PROTOKOLA
IZMEPU REPUBLIKE SRBIJE | MEDPUNARODNE
AGENCIJE ZA ATOMSKU ENERGIJU UZ
SPORAZUM IZMEPU SOCIJALISTICKE
FEDERATIVNE REPUBLIKE JUGOSLAVIJE |
MEDPUNARODNE AGENCIJE ZA ATOMSKU
ENERGIJU O PRIMENI GARANTIJA U VEZI SA
UGOVOROM O NESIRENJU NUKLEARNOG
ORUZJA

Clan 1.

Potvrduje se Dodatni protokol izmedu Republike Srbije i Medunarodne
agencije za atomsku energiju uz Sporazum izmedu SocijalistiCke Federativhe
Republike Jugoslavije i Medunarodne agencije za atomsku energiju o primeni
garantija u vezi sa ugovorom o nesirenju nuklearnog oruzja, sacinjen u Beogradu, 3.
jula 2009. godine, u originalu na engleskom jeziku.

Clan 2.

Tekst Dodatnog protokola izmedu Republike Srbije i Medunarodne agencije
za atomsku energiju uz Sporazum izmedu Socijalisticke Federativhe Republike
Jugoslavije i Medunarodne agencije za atomsku energiju o primeni garantija u vezi
sa ugovorom o nesirenju nuklearnog oruzja, u originalu na engleskom jeziku i u
prevodu na srpski jezik, glasi:



PROTOCOL BETWEEN THE REPUBLIC OF SERBIA AND THE INTERNATIONAL
ATOMIC ENERGY AGENCY ADDITIONAL TO THE AGREEMENT BETWEEN THE
SOCIALIST FEDERAL REPUBLIC OF YUGOSLAVIA AND THE INTERNATIONAL
ATOMIC ENERGY AGENCY FOR THE APPLICATION OF SAFEGUARDS IN
CONNECTION WITH THE TREATY ON THE NON-PROLIFERATION OF
NUCLEAR WEAPONS

WHEREAS the Republic of Serbia (hereinafter referred to as "Serbia") and the
International Atomic Energy Agency (hereinafter referred to as the "Agency" ) are
parties to an Agreement for the Application of Safeguards in Connection with the
Treaty on the Non-Proliferation of Nuclear Weapons (hereinafter referred to as the
"Safeguards Agreement"), which entered into force on 28 December 1973;

AWARE OF the desire of the international community to further enhance nuclear
I non-proliferation by strengthening the effectiveness and improving the efficiency of
the Agency's safeguards system;

RECALLING that the Agency must take into account in the implementation of i
safeguards the need to: avoid hampering the economic and technological
development of Serbia or international co-operation in the field of peaceful nuclear
activities; respect health, safety, physical protection and other security provisions in
force and the rights of individuals; and take every precaution to protect commercial,
technological and industrial secrets as well as other confidential information coming
to its knowledge;

WHEREAS the frequency and intensity of activities described in this Protocol
shall be kept to the minimum consistent with the objective of strengthening the
effectiveness and improving the efficiency of Agency safeguards;

NOW THEREFORE Serbia and the Agency have agreed as follows:



RELATIONSHIP BETWEEN THE PROTOCOL AND THE
SAFEGUARDS AGREEMENT

Article 1

The provisions of the Safeguards Agreement shall apply to this Protocol to the
extent that they are relevant to and compatible with the provisions of this Protocol. In
case of conflict between the provisions of the Safeguards Agreement and those of
this Protocol, the provisions of this Protocol shall apply.

PROVISION OF INFORMATION
Article 2
a. Serbia shall provide the Agency with a declaration containin

(i) A general description of and information specifying the location of nuclear fuel
cycle-related research and development activities not involving nuclear material
carried out anywhere that are funded, specifically authorized or controlled by, or
carried out on behalf of, Serbia.

(i) Information identified by the Agency on the basis of expected gains in
effectiveness or efficiency, and agreed to by Serbia, on operational activities of
safeguards relevance at facilities and at locations outside facilities where nuclear
material is customarily used.

(iii) A general description of each building on each site, including its use and, if
not apparent from that description, its contents. The description shall include a
map of the site.

(iv) A description of the scale of operations for each location engaged in the
activities specified in Annex | to this Protocol.

(v) Information specifying the location, operational status and the estimated
annual production capacity of uranium mines and concentration plants and
thorium concentration plants, and the current annual production of such mines
and concentration plants for Serbia as a whole. Serbia shall provide, upon
request by the Agency, the current annual production of an individual mine or
concentration plant. The provision of this information does not require detailed
nuclear material accountancy.

(vi) Information regarding source material which has not reached the composition
and purity suitable for fuel fabrication or for being isotopically enriched, as
follows:

(a) The quantities, the chemical composition, the use or intended use of such
material, whether in nuclear or non-nuclear use, for each location in Serbia at
which the material is present in quantities exceeding ten metric tons of
uranium and/or twenty metric tons of thorium, and for other locations with
guantities of more than one metric ton, the aggregate for Serbia as a whole if
the aggregate exceeds ten metric tons of uranium or twenty metric tons of
thorium. The provision of this information does not require detailed nuclear
material accountancy;

(b) The quantities, the chemical composition and the destination of each
export out of Serbia, of such material for specifically non-nuclear purposes in
guantities exceeding:

(1) Ten metric tons of uranium, or for successive exports of uranium from
Serbia to the same State, each of less than ten metric tons, but exceeding
a total of ten metric tons for the year;

(2) Twenty metric tons of thorium, or for successive exports of thorium



from Serbia to the same State, each of less than twenty metric tons, but
exceeding a total of twenty metric tons for the year,;

(c) The quantities, chemical composition, current location and use or
intended use of each import into Serbia of such material for specifically non-
nuclear purposes in quantities exceeding:

(1) Ten metric tons of uranium, or for successive imports of uranium into
Serbia each of less than ten metric tons, but exceeding a total of ten
metric tons for the year;

(2) Twenty metric tons of thorium, or for successive imports of thorium
into Serbia each of less than twenty metric tons, but exceeding a total of
twenty metric tons for the year;

it being understood that there is no requirement to provide information on such
material intended for a non-nuclear use once it is in its non-nuclear end-use form.

(vii)(a) Information regarding the quantities, uses and locations of nuclear
material exempted from safeguards pursuant to Article 37 of the Safeguards
Agreement;

(b) Information regarding the quantities (which may be in the form of
estimates) and uses at each location, of nuclear material exempted from
safeguards pursuant to Article 36(b) of the Safeguards Agreement but not yet
in a non-nuclear end-use form, in quantities exceeding those set out in Article
37 of the Safeguards Agreement. The provision of this information does not
require detailed nuclear material accountancy.

(viii) Information regarding the location or further processing of intermediate or
high-level waste containing plutonium, high enriched uranium or uraniinn-233 on
which safeguards have been terminated pursuant to Article 11 of the Safeguards
Agreement. For the purpose of this paragraph, "further processing" does not
include repackaging of the waste or its further conditioning not involving the
separation of elements, for storage or disposal.

(ix) The following information regarding specified equipment and non-nuclear
material listed in Annex Il

(a) For each export out of Serbia of such equipment and material: the
identity, quantity, location of intended use in the receiving State and date or,
as appropriate, expected date, of export;

(b) Upon specific request by the Agency, confirmation by Serbia, as importing
State, of information provided to the Agency by another State concerning the
export of such equipment and material to Serbia.

(x) General plans for the succeeding ten-year period relevant to the development
of the nuclear fuel cycle (including planned nuclear fuel cycle-related research
and development activities) when approved by the appropriate authorities in
Serbia.

b. Serbia shall make every reasonable effort to provide the Agency with the
following information:

(i) A general description of and information specifying the location of nuclear fuel
cycle-related research and development activities not involving nuclear material
which are specifically related to enrichment, reprocessing of nuclear fuel or the
processing of intermediate or high-level waste containing plutonium, high
enriched uranium or uranium-233 that are carried out anywhere in Serbia but
which are not funded, specifically authorized or controlled by, or carried out on
behalf of, Serbia. For the purpose of this paragraph, "processing" of intermediate



or high-level waste does not include repackaging of the waste or its conditioning
not involving the separation of elements, for storage or disposal.

(i) A general description of activities and the identity of the person or entity
carrying out such activities, at locations identified by the Agency outside a site
which the Agency considers might be functionally related to the activities of that
site. The provision of this information is subject to a specific request by the
Agency. It shall be provided in consultation with the Agency and in a timely
fashion.

c. Upon request by the Agency, Serbia shall provide amplifications or clarifications
of any information it has provided under this Article, in so far as relevant for the
purpose of safeguards.

Article 3

a. Serbia shall provide to the Agency the information identified in Article 2.a.(i), (iii),
(iv), (v), (vi)(a), (vii) and (x) and Article 2.b.(i) within 180 days of the entry into force of
this Protocol.

b. Serbia shall provide to the Agency, by 15 May of each year, updates of the
information referred to in paragraph a. above for the period covering the previous
calendar year. If there has been no change to the information previously provided,
Serbia shall so indicate.

c. Serbia shall provide to the Agency, by 15 May of each year, the information
identified in Article 2.a.(vi)(b) and (c) for the period covering the previous calendar
year.

d. Serbia shall provide to the Agency on a quarterly basis the information identified
in Article 2.a.(ix)(a). This information shall be provided within sixty days of the end of
each gquarter.

e. Serbia shall provide to the Agency the information identified in Article 2.a.(viii)
180 days before further processing is carried out and, by 15 May of each year,
information on changes in location for the period covering the previous calendar year.

f. Serbia and the Agency shall agree on the timing and frequency of the provision of
the information identified in Article 2.a.(ii).

g. Serbia shall provide to the Agency the information in Article 2.a.(ix)(b) within sixty
days of the Agency's request.

COMPLEMENTARY ACCESS
Article 4

The following shall apply in connection with the implementation of complementary
access under Article 5 of this Protocol:

a. The Agency shall not mechanistically or systematically seek to verify the
information referred to in Article 2; however, the Agency shall have access to:

(i) Any location referred to in Article 5.a.(i) or (ii) on a selective basis in order to
assure the absence of undeclared nuclear material and activities;

(i) Any location referred to in Article 5.b. or c. to resolve a question relating to the
correctness and completeness of the information provided pursuant to Article 2 or
to resolve an inconsistency relating to that information;

(iif) Any location referred to in Article 5.a.(iii) to the extent necessary for the
Agency to confirm, for safeguards purposes, Serbia's declaration of the
decommissioned status of a facility or of a location outside facilities where
nuclear material was customarily used.



b. (i) Except as provided in paragraph (ii) below, the Agency shall give Serbia
advance notice of access of at least 24 hours;

(i) For access to any place on a site that is sought in conjunction with design
information verification visits or ad hoc or routine inspections on that site, the
period of advance notice shall, if the Agency so requests, be at least two hours
but, in exceptional circumstances, it may be less than two hours.

c. Advance notice shall be in writing and shall specify the reasons for access and
the activities to be carried out during such access.

d. In the case of a question or inconsistency, the Agency shall provide Serbia with
an opportunity to clarify and facilitate the resolution of the question or inconsistency.
Such an opportunity will be provided before a request for access, unless the Agency
considers that delay in access would prejudice the purpose for which the access is
sought. In any event, the Agency shall not draw any conclusions about the question
or inconsistency until Serbia has been provided with such an opportunity.

e. Unless otherwise agreed to by Serbia, access shall only take place during regular
working hours.

f. Serbia shall have the right to have Agency inspectors accompanied during their
access by representatives of Serbia, provided that the inspectors shall not thereby be
delayed or otherwise impeded in the exercise of their functions.

Article 5
Serbia shall provide the Agency with access to
a. (i) Anyplace on a site;
(i) Any location identified by Serbia under Article 2.a. (v)-(viii);

(i) Any decommissioned facility or decommission where nuclear material was
customarily used.

b. Any location identified by Seria under Article 2.a.(i), Article 2.a.(iv), Article
2.a.(ix)(b) or Article 2.b., other than those referred to in paragraph a.(i) above,
provided that if Serbia is unable to provide such access, Serbia shall make every
reasonable effort to satisfy Agency requirements, without delay, through other
means.

c. Any location specified by the Agency, other than locations referred to in
paragraphs a. and b. above, to carry out location-specific environmental sampling,
provided that if Serbia is unable to provide such access, Serbia shall make every
reasonable effort to satisfy Agency requirements, without delay, at adjacent locations
or through other means.

Article 6
When implementing Article 5, the Agency may carry out the following activities:

a. For access in accordance with Article 5.a.(i) or (iii): visual observation; collection
of environmental samples; utilization of radiation detection and measurement
devices; application of seals and other identifying and tamper indicating devices
specified in Subsidiary Arrangements; and other objective measures which have
been demonstrated to be technically feasible and the use of which has been agreed
by the Board of Governors (hereinafter referred to as the "Board") and following
consultations between the Agency and Serbia.

b. For access in accordance with Article 5.a.(ii): visual observation; item counting of
nuclear material; non-destructive measurements and sampling; utilization of radiation
detection and measurement devices; examination of records relevant to the



guantities, origin and disposition of the material; collection of environmental samples;
and other objective measures which have been demonstrated to be technically
feasible and the use of which has been agreed by the Board and following
consultations between the Agency and Serbia.

c. For access in accordance with Article 5.b.: visual observation; collection of
environmental samples; utilization of radiation detection and measurement devices;
examination of safeguards relevant production and shipping records; and other
objective measures which have been demonstrated to be technically feasible and the
use of which has been agreed by the Board and following consultations between the
Agency and Serbia.

d. For access in accordance with Article 5.c.: collection of environmental samples
and, in the event the results do not resolve the question or inconsistency at the
location specified by the Agency pursuant to Article 5.c., utilization at that 1ocation of
visual observation, radiation detection and measurement devices, and, as agreed by
Serbia and the Agency, other objective measures.

Article 7

a. Upon request by Serbia, the Agency and Serbia shall make arrangements for
managed access under this Protocol in order to prevent the dissemination of
proliferation sensitive information, to meet safety or physical protection requirements,
or to protect proprietary or commercially sensitive information. Such arrangements
shall not preclude the Agency from conducting activities necessary to provide
credible assurance of the absence of undeclared nuclear material and activities at
the location in question, including the resolution of a question relating to the
correctness and completeness of the information referred to in Article 2 or of an
inconsistency relating to that information.

b. Serbia may, when providing the information referred to in Article 2, inform the
Agency of the places at a site or location at which managed access may be
applicable.

c. Pending the entry into force of any necessary Subsidiary Arrangements, Serbia
may have recourse to managed access consistent with the provisions of paragraph
a. above.

Article 8

Nothing in this Protocol shall preclude Serbia from offering the Agency access to
locations in addition to those referred to in Articles 5 and 9 or from requesting the
Agency to conduct verification activities at a particular location. The Agency shall,
without delay, make every reasonable effort to act upon such a request.

Article 9

Serbia shall provide the Agency with access to locations specified by the Agency
to carry out wide-area environmental sampling, provided that if Serbia is unable to
provide such access it shall make every reasonable effort to satisfy Agency
requirements at alternative locations. The Agency shall not seek such access until
the use of wide-area environmental sampling and the procedural arrangements
therefor have been approved by the Board and following consultations between the
Agency and Serbia.

Article 10
The Agency shall inform Serbia of:

a. The activities carried out under this Protocol, including those in respect of any
guestions or inconsistencies the Agency had brought to the attention of Serbia, within
sixty days of the activities being carried out by the Agency.



b. The results of activities in respect of any questions or inconsistencies the Agency
had brought to the attention of Serbia, as soon as possible but in any case within
thirty days of the results being established by the Agency.

c. The conclusions it has drawn from its activities under this Protocol. The
conclusions shall be provided annually.

DESIGNATION OF AGENCY INSPECTORS
Article 11

a. (i) The Director General shall notify Serbia of the Board's approval of any
Agency official as a safeguards inspector. Unless Serbia advises the Director
General of its rejection of such an official as an inspector for Serbia within three
months of receipt of notification of the Board's approval, the inspector so notified to
Serbia shall be considered designated to Serbia.

(i) The Director General, acting in response to a request by Serbia or on his own
initiative, shall immediately inform Serbia of the withdrawal of the designation of
any official as an inspector for Serbia.

b. A notification referred to in paragraph a. above shall be deemed to be received
by Serbia seven days after the date of the transmission by registered mail of the
notification by the Agency to Serbia.

VISAS
Article 12

Serbia shall, within one month of the receipt of a request therefor, provide the
designated inspector specified in the request with appropriate multiple entry/exit
and/or transit visas, where required, to enable the inspector to enter and remain on
the territory of Serbia for the purpose of carrying out his/her functions. Any visas
required shall be valid for at least one year and shall be renewed, as required, to
cover the dtuation of the inspector's designation to Serbia.

SUBSIDIARY ARRANGEMENTS
Article 13

a. Where Serbia or the Agency indicates that it is necessary to specify in Subsidiary
Arrangements how measures laid down in this Protocol are to be applied, Serbia and
the Agency shall agree on such Subsidiary Arrangements within ninety days of the
entry into force of this Protocol or, where the indication of the need for such
Subsidiary Arrangements is made after the entry into force of this Protocol, within
ninety days of the date of such indication.

b. Pending the entry into force of any necessary Subsidiary Arrangements, the
Agency shall be entitled to apply the measures laid down in this Protocol.

COMMUNICATIONS SYSTEMS
Article 14

a. Serbia shall permit and protect free communications by the Agency for official
piuposes between Agency inspectors in Serbia and Agency Headquarters and/or
Regional Offices, including attended and unattended transmission of information
generated by Agency containment and/or surveillance or measurement devices. The
Agency shall have, in consultation with Serbia, the right to make use of internationally
established systems of direct communications, including satellite systems and other
forms of telecommunication, not in use in Serbia. At the request of Serbia or the
Agency, details of the implementation of this paragraph with respect to the attended
or unattended transmission of information generated by Agency containment and/or



surveillance or measurement devices shall be specified in the Subsidiary
Arrangements.

b. Communication and transmission of information as provided for in paragraph a.
above shall take due account of the need to protect proprietary or commercially
sensitive information or design information which Serbia regards as being of
particular sensitivity.

PROTECTION OF CONFIDENTIAL INFORMATION
Article 15

a. The Agency shall maintain a stringent regime to ensure effective protection
against disclosure of commercial, technological and industrial secrets and other
confidential information coming to its knowledge, inluding such information coming to
the Agency's knowledge in the implementation of this Protocol.

b. The regime referred to in paragraph a. above shall include, among others,
provisions relating to:

(i) General principles and associated measures for the handling of confidential
information;

(i) Conditions of staff employment relating to the protection of confidential
information;

(iii) Procedures in cases of breaches or alleged breaches of confidentiality.

c. The regime referred to in paragraph a. above shall be approved and periodically
reviewed by the Board.

ANNEXES
Article 16

a. The Annexes to this Protocol shall be an integral part thereof. Except for the
purposes of amendment of the Annexes, the term "Protocol" as used in this
instrument means the Protocol and the Annexes together.

b. The list of activities specified in Annex |, and the list of equipment and material
specified in Annex Il, may be amended by the Board upon the advice of an open-
ended working group of experts established by the Board. Any such amendment
shall take effect four months after its adoption by the Board.

ENTRY INTO FORCE
Article 17

a. This Protocol shall enter into force on the date on which the Agency receives
from Serbia written notification that Serbia's statutory and/or constitutional
requirements for entry into force have been met.

b. Serbia may, at any date before this Protocol enters into force, declare that it will
apply this Protocol provisionally.

c. The Director General shall promptly inform all Member States of the Agency of
any declaration of provisional application of, and of the entry into force of, this
Protocol.

DEFINITIONS
Article 18
For the purpose of this Protocol:
a. Nuclear fuel cycle-related research and development activities means those
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activities which are specifically related to any process or system development aspect
of any of the following:

- conversion of nuclear material,

enrichment of nuclear material,
- nuclear fuel fabrication,

- reactors,

- critical facilities,

- reprocessing of nuclear fuel,

- processing (not including repackaging or conditioning not involving the
separation of elements, for storage or disposal) of intermediate or high-level
waste containing plutonium, high enriched uranium or uranium-233,

but do not include activities related to theoretical or basic scientific research or to
research and development on industrial radioisotope applications, medical,
hydrological and agricultural applications, health and environmental effects and
improved maintenance.

b. Site means that area delimited by Serbia in the relevant design information for a
facility, including a closed-down facility, and in the relevant information on a location
outside facilities where nuclear material is customarily used, including a closed-down
location outside facilities where nuclear material was customarily used (this is limited
to locations with hot cells or where activities related to conversion, enrichment, fuel
fabrication or reprocessing were carried out). It shall also include all installations, co-
located with the facility or location, for the provision or use of essential services,
including: hot cells for processing irradiated materials not containing nuclear material;
installations for the treatment, storage and disposal of waste; and buildings
associated with specified activities identified by Serbia under Article 2.a.(iv) above.

c. Decommissioned facility or decommissioned location outside facilities means an
installation or location at which residual structures and equipment essential for its use
have been removed or rendered inoperable so that it is not used to store and can no
longer be used to handle, process or utilize nuclear material.

d. Closed-down facility or closed-down location outside facilities means an
installation or location where operations have been stopped and the nuclear material
removed bu which has not been decommissioned.

e. High enriched uranium means uranium containing 20 percent or more of the
isotope uranium-235.

f. Location-specific environmental sam lin means the collection of environmental
samples (e.qg., air, water, vegetation, soil, smears) at, and in the immediate vicinity of,
a location specified by the Agency for the purpose of assisting the Agency to draw
conclusions about the absence of undeclared nuclear material or nuclear activities at
the specified location.

g. Wide-area environmental sampling means the collection of environmental
samples (e.g., air, water, vegetation, soil, smears) at a set of locations specified by
the Agency for the purpose of assisting the Agency to draw conclusions about the
absence of undeclared nuclear material or nuclear activities over a wide area.

h. Nuclear material means any source or any special fissionable material as defined
in Article XX of the Statute. The term source material shall not be interpreted as
applying to ore or ore residue. Any determination by the Board under Article XX of
the Statute of the Agency after the entry into force of this Protocol which adds to the
materials considered to be source material or special fissionable material shall have
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effect under this Protocol only upon acceptance by Serbia.
i. Facility means:

(i) A reactor, a critical facility, a conversion plant, a fabrication plant, a
reprocessing plant, an isotope separation plant or a separate storage installation;
or

(i) Any location where nuclear material in amounts greater than one effective
kilogram is customarily used.

j. Location outside facilities means any installation or location, which is not a
facility, where nuclear material is customarily used in amounts of one effective
kilogram or less.

DONE in Belgrade, on the third day of July 2009, in duplicate, in the English
language.

For the REPUBLIC OF For the INTERNATIONAL
SERBIA ATOMIC ENERGY AGENCY:

Bozidar Deli¢ Mohamed El Baradei
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ANNEX |

LIST OF ACTIVITIES REFERRED TO IN ARTICLE 2.a.(iv) OF THE PROTOCOL

(i) The manufacture of centrifuge rotor tubes or the assembly of gas centrifuges.

Centrifuge rotor tubes means thin-walled cylinders as described in entry 5.1.1(b)
of Annex Il.

Gas centrifuges means centrifuges as described in the Introductory Note to entry
5.1 of Annex II.

(i) The manufacture of diffusion barriers.

Diffusion barriers means thin, porous filters as described in entry 5.3.1(a) of
Annex II.

(iii) The manufacture or assembly of laser-based systems.

Laser-based s stems means systems incorporating those items as described in
entry 5.7 of Annex II.

(iv) The manufacture or assembly of electromagnetic isotope separators.

Electromagnetic isotope separators means those items referred to in entry 5.9.1
of Annex Il containing ion sources as described in 5.9.1(a) of Annex II.

(v) The manufacture or assembly of columns or extraction equipment.

Columns or extraction equipment means those items as described in entries
5.6.1,5.6.2,5.6.3, 5.6.5,5.6.6, 5.6.7 and 5.6.8 of Annex II.

(vi) The manufacture of aerodynamic separation nozzles or vortex tubes.

Aerodynamic separation nozzles or vortex tubes means separation nozzles and
vortex tubes as described respectively in entries 5.5.1 and 5.5.2 of Annex Il

(vii) The manufacture or assembly of uranium plasma generation systems.

Uranium plasma generation systems means systems for the generation of
uranium plasma as described in entry 5.8.3 of Annex IlI.

(viii) The manufacture of zirconium tubes.
Zirconium tubes means tubes as described in entry 1.6 of Annex II.
(ix) The manufacture or upgrading of heavy water or deuterium.

Heavy water or deuteriiun means deuterium, heavy water (deuterium oxide) and
any other deuterium compound in which the ratio of deuterium to hydrogen atoms
exceeds 1:5000.

(x) The manufacture of nuclear grade graphite.

Nuclear grade graphite means graphite having a purity level better than 5 parts
per million boron equivalent and with a density greater than 1.50 g/cm3.

(xi) The manufacture of flasks for irradiated fuel.

A flask for irradiated fuel means a vessel for the transportation and/or storage of
irradiated fuel which provides chemical, thermal and radiological protection, and
dissipates decay heat during handling, transportation and storage.

(xii) The manufacture of reactor control rods.
Reactor control rods means rods as described in entry 1.4 of Annex II.
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(xiii) The manufacture of criticality safe tanks and vessels.

Criticality safe tanks and vessels means those items as described in entries 3.2
and 3.4 of Annex II.

(xiv) The manufacture of irradiated fuel element chopping machines.

Irradiated fuel element chopping machines means equipment as described in
entry 3.1 of Annex II.

(xv) The construction of hot cells.

Hot cells means a cell or interconnected cells totalling at least 6 m in volume with
shielding equal to or greater than the equivalent of 0.5 m of concrete, with a
density of 3.2 g/cm or greater, outfitted with equipment for remote operations.
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ANNEX Il

LIST OF SPECIFIED EQUIPMENT AND NON-NUCLEAR MATERIAL FOR THE
REPORTING OF EXPORTS AND IMPORTS ACCORDING TO ARTICLE 2.a.(ix)

Reactors and equipment therefor
1.1. Complete nuclear reactors

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

EXPLANATORY NOTE

A "nuclear reactor" basically includes the items within or attached directly to
the reactor vessel, the equipment which controls the level of power in the core,
and the components which normally contain or come in direct contact with or
control the primary coolant of the reactor core.

It is not intended to exclude reactors which could reasonably be capable of
modification to produce significantly more than 100 grams of plutonium per
year. Reactors designed for sustained operation at significant power levels,
regardless of their capacity for plutonium production, are not considered as
"zero energy reactors".

1.2. Reactor pressure vessels

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

EXPLANATORY NOTE

A top plate for a reactor pressure vessel is covered by item 1.2. as a major
shop-fabricated part of a pressure vessel.

Reactor internals (e.g. support columns and plates for the core and other
vessel internals, control rod guide tubes, thermal shields, baffles, core grid
plates, diffuser plates, etc.) are normally supplied by the reactor supplier. In
some cases, certain internal support components are included in the
fabrication of the pressure vessel. These items are sufficiently critical to the
safety and reliability of the operation of the reactor (and, therefore, to the
guarantees and liability of the reactor supplier), so that their supply, outside
the basic supply arrangement for the reactor itself, would not be common
practice. Therefore, although the separate supply of these unique, especially
designed and prepared, critical, large and expensive items would not
necessarily be considered as falling outside the area of concern, such a mode
of supply is considered unlikely.

1.3. Reactor fuel charging and discharging machines

Manipulative equipment especially designed or prepared for inserting or
removing fuel in a nuclear reactor as defined in paragraph 1.1. above capable
of on-load operation or employing technically sophisticated positioning or
alignment features to allow complex off-load fuelling operations such as those
in which direct viewing of or access to the fuel is not normally available.
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1.5

1.6.

1.7.

2.2.

3.
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Reactor control rods

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

EXPLANATORY NOTE

This item includes, in addition to the neutron absorbing part, the support or
suspension structures therefor if supplied separately.

Reactor pressure tubes

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

Zirconium tubes

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

Primary coolant pumps

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

EXPLANATORY NOTE

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

Non-nuclear materials for reactors
Deuterium and heavy water

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

Nuclear grade graphite

Graphite having a purity level better than 5 parts per million boron equivalent
and with a density greater than 1.50 g/cm3 for use in a nuclear reactor as
defined in paragraph 1.1. above in quantities exceeding 3 x 10*4 kg (30 metric
tons) for any one recipient country in any period of 12 months.

NOTE

For the purpose of reporting, the Government will determine whether or not the
exports of graphite meeting the above specifications are for nuclear reactor
use.

Plants for the reprocessing of irradiated fuel elements, and equipment

especiall designed or prepared therefor

ITRODUCTORY NOTE

Reprocessing irradiated nuclear fuel separates plutonium and uranium from
intensely radioactive fission products and other transuranic elements. Different
technical processes can accomplish this separation. However, over the years
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Purex has become the most commonly used and accepted process. Purex
involves the dissolution of irradiated nuclear fuel in nitric acid, followed by
separation of the uranium, plutonium, and fission products by solvent
extraction using a mixture of tributyl phosphate in an organic diluent.

Purex facilities have process functions similar to each other, including:
irradiated fuel element chopping, fuel dissolution, solvent extraction, and
process liquor storage. There may also be equipment for thermal denitration of
uranium nitrate, conversion of plutonium nitrate 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 irradiated nuclear fuel to be
reprocessed and the intended disposition of the recovered materials, and the
safety and maintenance philosophy incorporated into the design of the facility.

A "plant for the reprocessing of irradiated fuel elements" includes the
equipment and components which normally come in direct contact with and
directly control the irradiated fuel and the major nuclear material and fission
product processing streams.

These processes, including the complete systems for plutonium conversion
and plutonium metal production, may be identified by the measures taken to
avoid criticality (e.g. by geometry), radiation exposure (e.g. by shielding), and
toxicity hazards (e.g. by containment).

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

Irradiated fuel element chopping machines
INTRODUCTORY NOTE

This equipment breaches the cladding of the fuel to expose the irradiated
nuclear material to dissolution. Especially designed metal cutting shears are
the most commonly employed, although advanced equipment, such as lasers,
may be used.

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

Dissolvers
INTRODUCTORY NOTE

Dissolvers normally receive the chopped-up spent fuel. In these critically safe
vessels, the irradiated nuclear material is dissolved in nitric acid and the
remaining hulls removed from the process stream.

Critically safe tanks (e.g. small diameter, annular or slab tanks) especially
designed or prepared for use in a reprocessing plant as identified above,
intended for dissolution of irradiated nuclear fuel and which are capable of
withstanding hot, highly corrosive liquid, and which can be remotely loaded
and maintained.

Solvent extractors and solvent extraction equipment
INTRODUCTORY NOTE

Solvent extractors both receive the solution of irradiated fuel from the
dissolvers and the organic solution which separates the uranium, plutonium,
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and fission products. Solvent extraction equipment is normally designed to
meet strict operating parameters, such as long operating lifetimes with no
maintenance requirements or adaptability to easy replacement, simplicity of
operation and control, and flexibility for variations in process conditions.

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

Chemical holding or storage vessels
INTRODUCTORY NOTE

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

(@) The pure uranium nitrate solution is concentrated by evaporation and
passed to a denitration process where it is converted to uranium oxide.
This oxide is re-used in the nuclear fuel cycle.

(b) The intensely radioactive fission products solution is normally
concentrated by evaporation and stored as a liquor concentrate. This
concentrate may be subsequently evaporated and converted to a form
suitable for storage or disposal.

(c) The pure plutonium nitrate solution is concentrated and stored pending its
transfer to further process steps. In particular, holding or storage vessels
for plutonium solutions are designed to avoid criticality problems resulting
from changes in concentration and form of this stream.

Especially designed or prepared holding or storage vessels for use in a plant
for the reprocessing of irradiated fuel. The holding or storage vessels must be
resistant to the corrosive effect of nitric acid. The holding or storage vessels
are normally fabricated of materials such as low carbon 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:

(1) walls or internal structures with a boron equivalent of at least two per cent,
or

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

(3) a maximum width of 75 mm (3 in) for either a slab or annular vessel.
Plutonium nitrate to oxide conversion system

INTRODUCTORY NOTE

In most reprocessing facilities, this final process involves the conversion of the
plutonium nitrate solution to plutonium dioxide. The main functions involved in
this process are: process feed storage and adjustment, precipitation and
solid/liquor separation, calcination, product handling, ventilation, waste
management, and process control.

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

This process, which could be related to a reprocessing facility, involves the
fluorination of plutonium dioxide, normally with highly corrosive hydrogen
fluoride, to produce plutonium fluoride which is subsequently reduced using
high purity calcium metal to produce metallic plutonium and a calcium fluoride
slag. The main functions involved in this process are: fluorination (e.g.
involving equipment fabricated or lined with a precious metal), metal reduction
(e.g. 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
effects and to minimize toxicity hazards.

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

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

(b) Which seals the nuclear material within the cladding.
Plants for the separation of isotopes of uranium and equipment, other

than analytical instruments, especially designed or prepared therefor

5.1.

Items 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 include:

Gas centrifuges and assemblies and components especially designed or

prepared for use in gas centrifuges

5.1.1.

INTRODUCTORY NOTE

The gas centrifuge normally consists of a thin-walled cylinder(s) of between 75
mm (3 in) and 400 mm (16 in) diameter contained in a vacuum environment
and spun at high peripheral speed of the order of 300 m/s or more with its
central axis vertical. In order to 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 to be manufactured to very close tolerances in order to minimize the
unbalance. In contrast to 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 arrangement for feeding and extracting
the UF6 gas and featuring at least 3 separate channels, of which 2 are
connected to scoops extending from the rotor axis towards the periphery of the
rotor chamber. Also contained within the vacuum environment are a number of
critical items which do not rotate and which although they are especially
designed are not difficult to fabricate nor are they fabricated out of unique
materials. A centrifuge facility however requires a large number of these
components, so that quantities can provide an important indication of end use.

Rotating components
(&) Complete rotor assemblies:

Thin-walled cylinders, or a number of interconnected thin-walled cylinders,
manufactured from one or more of the high strength to density ratio materials
described in the EXPLANATORY NOTE to this Section. If interconnected, the
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cylinders are joined together by flexible bellows or rings as described in
section 5.1.1.(c) following. The rotor is fitted with an internal 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 or more of the high strength to density ratio materials
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 is 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 especially designed or prepared to be mounted inside the centrifuge
rotor tube, in order to isolate the take-off chamber from the main separation
chamber and, in some cases, to assist the UF6 gas circulation within the main
separation chamber of the rotor tube, and manufactured from one of the high
strength to density ratio materials described in the EXPLANATORY NOTE to
this Section.

(e) Top caps/Bottom caps:

Disc-shaped components of between 75 mm (3 in) and 400 mm (16 in)
diameter especially designed or prepared to fit to the ends of the rotor tube,
and so contain the UF6 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 manufactured 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 of an ultimate tensile strength of 2.05 x 1079
N/m2 (300,000 psi) or more;

(b) Aluminium alloys capable of an ultimate tensile strength of 0.46 x 1079
N/m2 (67,000 psi) or more;

(c) Filamentary materials suitable for use in composite structures and having
a specific modulus of 12.3 x 10 m or greater and a specific ultimate tensile
strength of 0.3 x 10 m or greater (' Specific Modulus' is the Young's
Modulus in N/m2 divided by the specific weight in N/m3; 'Specific Ultimate
Tensile Strength' is the ultimate tensile strength in N/m divided by the
specific weight in N/m3).

Static components
(a) Magnetic suspension bearings:
Especially designed or prepared bearing assemblies consisting of an annular
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magnet suspended within a housing containing a damping medium. The
housing will be manufactured from a UF6-resistant material (see
EXPLANATORY NOTE to Section 5.2.). The magnet couples with a pole piece
or a second magnet fitted to the top cap described in Section 5.1.1.(e). The
magnet may be ring-shaped with a relation between outer and inner diameter
smaller or equal 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/m3 (10 gauss-
oersteds). In addition to the usual material properties, it is a prerequisite that
the deviation of the magnetic axes from the geometrical axes is limited to very
small tolerances (lower than 0.1 mm or 0.004 in) or that homogeneity of the
material of the magnet is specially called for.

(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 with 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 surface. These components are often supplied separately to
the damper.

(c) Molecular pumps:

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

(d) Motor stators:

Especially designed or prepared ring-shaped stators for high speed multiphase
AC hysteresis (or reluctance) motors for synchronous operation within a
vacuum in the frequency range of 600 - 2000 Hz and a power range of 50 -
1000 VA. The stators consist of multi-phase windings on a laminated low loss
iron core comprised of thin layers typically 2.0 mm (0.08 in) thick or less.

(e) Centrifuge housing/recipients:

Components especially designed or prepared to contain the rotor tube
assembly of a gas centrifuge. The housing consists of a rigid cylinder of wall
thickness up to 30 mm (1.2 in) with precision machined ends to locate the
bearings and with one or more flanges for mounting. The machined ends are
parallel to each other and perpendicular to the cylinder's longitudinal axis to
within 0.05 degrees or less. The housing may also be a honeycomb type
structure to accommodate several rotor tubes. The housings are made of or
protected by materials resistant to corrosion by UF6.

(f) Scoops:

Especially designed or prepared tubes of up to 12 mm (0.5 in) internal
diameter for the extraction of UFg gas from within the rotor tube by a Pitot tube
action (that is, with an aperture facing into the circumferential gas flow within
the rotor tube, for example by bending the end of a radially disposed tube) and
capable of being fixed to the central gas extraction system. The tubes are
made of or protected by materials resistant to corrosion by UF6.
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Especially designed or prepared auxiliary systems, equipment and

components for gas centrifuge enrichment plants

5.2.1.

5.2.2.

5.2.3.

INTRODUCTORY NOTE

The auxiliary systems, equipment and components for a gas centrifuge
enrichment plant are the systems of plant needed to feed UF6 to the
centrifuges, to link the individual centrifuges to each other to form cascades (or
stages) to allow for progressively higher enrichments and to extract the
'product’ and 'tails’ UF6 from the centrifuges, together with the equipment
required to drive the centrifuges or to control the plant.

Normally UF6 is evaporated from the solid using heated autoclaves and is
distributed in gaseous form to the centrifuges by way of cascade header
pipework. The 'product’ and 'tails’ UF6 gaseous streams flowing from the
centrifuges are also passed by way of cascade header pipework to cold traps
(operating at about 203 K (-70 C)) where they are condensed prior to onward
transfer into suitable containers for transportation or storage. Because an
enrichment plant consists of many thousands of centrifuges arranged in
cascades there are many kilometers of cascade header pipework,
incorporating thousands of welds with a substantial amount 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 including:

Feed autoclaves (or stations), used for passing UF6 to the centrifuge
cascades at up to 100 kPa (15 psi) and at arate of 1 kg/h or more;

Desublimers (or cold traps) used to remove UF6 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 UF6 into containers.

This plant, equipment and pipework is wholly made of or lined with UF6-
resistant materials (see EXPLANATORY NOTE to this section) and is
fabricated to very high vacuum and cleanliness standards.

Machine header piping systems

Especially designed or prepared piping systems and header systems for
handling UF6 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. It is wholly
made of UF6-resistant materials (see EXPLANATORY NOTE to this section)
and is fabricated to very high vacuum and cleanliness standards.

UF6 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 UF6 gas
streams and having all of the following characteristics:

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

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

Electron bombardment ionization sources;
Having a collector system suitable for isotopic analysis.
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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 characteristics:

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 items listed above either come into direct contact with the UF6 process
gas or directly control the centrifuges and the passage of the gas from
centrifuge to centrifuge and cascade to cascade.

Materials resistant to corrosion by UF6 include stainless steel, aluminium,
aluminium alloys, nickel or alloys containing 60% or more nickel.

Especially designed or prepared assemblies and components for use in

gaseous diffusion enrichment

5.3.1.

5.3.2.

INTRODUCTORY NOTE

In the gaseous diffusion method of uranium isotope separation, the main
technological assembly is a special porous gaseous diffusion barrier, heat
exchanger for cooling the gas (which is heated by the process of
compression), seal valves and control valves, and pipelines. Inasmuch as
gaseous diffusion technology uses uranium hexafluoride (UF6), all equipment,
pipeline and instrumentation surfaces (that come in contact with the gas) must
be made of materials that remain stable in contact with UF6. A gaseous
diffusion facility requires a number of these assemblies, so that quantities can
provide an important indication of end use.

Gaseous diffusion barriers

(@) Especially designed or prepared thin, porous filters, with a pore size of
100- 1,000 A (angstroms), a thickness of 5 mm (0.2 in) or less, and for
tubular forms, a diameter of 25 mm (1 in) or less, made of metallic,
polymer or ceramic materials resistant to corrosion by UF6, and

(b) especially prepared compounds or powders for the manufacture of such
filters. Such compounds and powders include nickel or alloys containing
60 per cent or more nickel, aluminium oxide, or UF6-resistant fully
fluorinated hydrocarbon polymers having a purity of 99.9 per cent or
more, a particle size less than 10microns, and a high degree of particle
size uniformity, which are especially prepared for the manufacture of
gaseous diffusion barriers.

Diffuser housings

Especially designed or prepared hermetically sealed cylindrical vessels greater
than 300 mm (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
UF6-resistant materials and designed for horizontal or vertical installation.
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Compressors and gas blowers

Especially designed or prepared axial, centrifugal, or positive displacement
compressors, or gas blowers with a suction volume capacity of 1 m3 /min or
more of UF6, and with a discharge pressure of up to several hundred kPa (100
psi), designed for long-term operation in the UF6 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 UF6.

Rotary shaft seals

Especially designed or prepared vacuum seals, 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-leaking of air into the inner chamber of the compressor or gas blower which
is filled with UF6. Such seals are normally designed for a buffer gas in-leakage
rate of less than 1000 cm3 /min (60 in3 /min).

Heat exchangers for cooling UF6

Especially designed or prepared heat exchangers made of or lined with UF6-
resistant materials (except stainless steel) or with copper or any combination
of those metals, and intended for a leakage pressure change rate of less than
10 Pa (0.0015 psi) per hour under a pressure difference of 100 kPa (15 psi).

Especially designed or prepared auxiliary systems, equipment and

components for use in gaseous diffusion enrichment

54.1.

INTRODUCTORY NOTE

The auxiliary systems, equipment and components for gaseous diffusion
enrichment plants are the systems of plant needed to feed UF6 to the gaseous
diffusion assembly, to link the individual assemblies to each other to form
cascades (or stages) to allow for progressively higher enrichments and to
extract the 'product' and 'tails' UF6 from the diffusion cascades. Because of the
high inertial properties of diffusion cascades, any interruption in their
operation, and especially their shut-down, leads to serious consequences.
Therefore, a strict and constant maintenance of vacuum in all technological
systems, automatic protection from accidents, and precise automated
regulation of the gas flow is of importance in a gaseous diffusion plant. All this
leads to a need to equip the plant with a large number of special measuring,
regulating and controlling systems.

Normally UF6 is evaporated from cylinders placed within autoclaves and is
distributed in gaseous form to the entry point by way of cascade header
pipework. The 'product’ and 'tails' UF6 gaseous streams flowing from exit
points are passed by way of cascade header pipework to either cold traps or to
compression stations where the UF6 gas is liquefied prior to onward transfer
into suitable containers for transportation 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 welds 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
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pressures of 300 kPa (45 psi) or less, including:

Feed autoclaves (or systems), used for passing UF6 to the gaseous diffusion
cascades;

Desublimers (or cold traps) used to remove UF6 from diffusion cascades;

Liguefaction stations where UF6 gas from the cascade is compressed and
cooled to form liquid UF6;

'Product’ or 'tails' stations used for transferring UF6 into containers.
Header piping systems

Especially designed or prepared piping systems and header systems for
handling UF6 within the gaseous diffusion cascades. This piping network is
normally of the "double" header system with each cell connected to each of
the headers.

Vacuum systems

(@) Especially designed or prepared large vacuum manifolds, vacuum
headers and vacuum pumps having a suction capacity of 5 m3 /min (175
ft3 /min) or more.

(b) Vacuum pumps especially designed for service in UF6-bearing
atmospheres made of, or lined with, aluminium, nickel, or alloys bearing
more than 60% nickel. These pumps may be either rotary or positive, may
have displacement and fluorocarbon seals, and may have special working
fluids present.

Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and control
bellows valves made of UF6-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.

UF6 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 UF6 gas
streams and having all of the following characteristics:

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

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

3. Electron bombardment ionization sources;
4. Collector system suitable for isotopic analysis.
EXPLANATORY NOTE

The items listed above either come into direct contact with the UF6 process
gas or directly control the flow within the cascade. All surfaces which come
into contact with the process gas are wholly made of, or lined with, UF6-
resistant materials. For the purposes of the sections relating to gaseous
diffusion items the materials resistant to corrosion by UF6 include stainless
steel, aluminium, aluminium alloys, aluminium oxide, nickel or alloys
containing 60% or more nickel and UF6-resistant fully fluorinated hydrocarbon
polymers.
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Especially designed or prepared systems, equipment and components

for use in aerodynamic enrichment plants

5.5.1.

5.5.2.

5.5.3.

INTRODUCTORY NOTE

In aerodynamic enrichment processes, a mixture of gaseous UF6 and light gas
(hydrogen or helium) is compressed and then passed through separating
elements wherein isotopic separation is accomplished by the generation of
high centrifugal forces over a curved-wall geometry. Two processes of this
type have been successfully developed: the separation nozzle process and the
vortex tube process. For both processes the main components of a separation
stage include cylindrical vessels housing the special separation elements
(nozzles or vortex tubes), gas compressors and heat exchangers to remove
the heat of compression. An aerodynamic plant requires a number of these
stages, so that quantities can provide an important indication of end use. Since
aerodynamic processes use UF6, all equipment, pipeline and instrumentation
surfaces (that come in contact with the gas) must be made of materials that
remain stable in contact with UF6.

EXPLANATORY NOTE

The items listed in this section either come into direct contact with the UF6
process gas or directly control the flow within the cascade. All surfaces which
come into contact with the process gas are wholly made of or protected by
UF6-resistant materials. For the purposes of the section relating to
aerodynamic enrichment items, the materials resistant to corrosion by UF6
include copper, stainless steel, aluminium, aluminium alloys, nickel or alloys
containing 60 % or more nickel and UF6-resistant fully fluorinated hydrocarbon
polymers.

Separation nozzles

Especially designed or prepared separation nozzles and assemblies thereof.
The separation nozzles consist of slit-shaped, curved channels having a radius
of curvature less than 1 mm (typically 0.1 to 0.05 mm), resistant to corrosion
by UF6 and having a knife-edge within the nozzle that separates the gas
flowing through the nozzle into two fractions.

Vortex tubes

Especially designed or prepared vortex tubes and assemblies thereof. The
vortex tubes are cylindrical or tapered, made of or protected by materials
resistant to corrosion by UF6, having a diameter of between 0.5 cm and 4 cm,
a length to diameter ratio of 20:1 or less and with one or more tangential inlets.
The tubes may be equipped with nozzle-type appendages at either or both
ends.

EXPLANATORY NOTE

The feed gas enters the vortex tube tangentially at one end or through swirl
vanes or at numerous tangential positions along the periphery of the tube.

Compressors and gas blowers

Especially designed or prepared axial, centrifugal or positive displacement
compressors or gas blowers made of or protected by materials resistant to
corrosion by UF6 and with a suction volume capacity of 2 m3 /min or more of
UF6/carrier gas (hydrogen or helium) mixture.

EXPLANATORY NOTE

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

Especially designed or prepared rotary shaft seals, with seal feed and seal
exhaust connections, for sealing the shaft connecting the compressor rotor or
the gas blower rotor with the driver motor so as to ensure a reliable seal
against out-leakage of process gas or in-leakage of air or seal gas into the
inner chamber of the compressor or gas blower which is filled with a
UF6/carrier gas mixture.

Heat exchangers for gas cooling

Especially designed or prepared heat exchangers made of or protected by
materials resistant to corrosion by UF6.

Separation element housings

Especially designed or prepared separation element housings, made of or
protected by materials resistant to corrosion by UF6, for containing vortex
tubes or separation nozzles.

EXPLANATORY NOTE

These housings may be cylindrical vessels greater than 300 mm in diameter
and greater than 900 mm in length, or may be rectangular vessels of
comparable dimensions, and may be designed for horizontal or vertical
installation.

Feed systems/product and tails withdrawal systems

Especially designed or prepared process systems or equipment for enrichment
plants made of or protected by materials resistant to corrosion by UF6,
including:

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

(b) Desublimers (or cold traps) used to remove UF6 from the enrichment
process for subsequent transfer upon heating;

(c) Solidification or liquefaction stations used to remove UF6 from the
enrichment process by compressing and converting UF6 to a liquid or
solid form;

(d) 'Product’ or 'tails' stations used for transferring UF6 into containers.
Header piping systems

Especially designed or prepared header piping systems, made of or protected
by materials resistant to corrosion by UF6, for handling UF6 within the
aerodynamic cascades. This piping network is normally of the 'double' header
design with each stage or group of stages connected to each of the headers.

Vacuum systems and pumps

(a) Especially designed or prepared vacuum systems having a suction
capacity of 5 m3 /min or more, consisting of vacuum manifolds, vacuum
headers and vacuum pumps, and designed for service in UF6-bearing
atmospheres,

(b) Vacuum pumps especially designed or prepared for service in UF6-
bearing atmospheres and made of or protected by materials resistant to
corrosion by UF6. These pumps may use fluorocarbon seals and special
working fluids.
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5.5.10. Special shut-off and control valves

Especially designed or prepared manual or automated shut-off and control
bellows valves made of or protected by materials resistant to corrosion by
UF6 with a diameter of 40 to 1500 mm for installation in main and auxiliary
systems of aerodynamic enrichment plants.

5.5.11. UF6 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 UF6 gas
streams and having all of the following characteristics:

1. Unit resolution for mass greater than 320;

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

Electron bombardment ionization sources;

Collector system suitable for isotopic analysis.

5.5.12. UF6/carrier gas separation systems

5.6.

Especially designed or prepared process systems for separating UF6 from
carrier gas (hydrogen or helium).

EXPLANATORY NOTE

These systems are designed to reduce the UF6 content in the carrier gas to 1
ppm less and may incorporate equipment such as:

(@) Cryogenic heat exchangers and cryoseparators capable of temperatures
of -120 C or less, or

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

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

(d) UF6 cold traps capable of temperatures of -20 C or less.
Especially designed or prepared systems, equipment and components

for use in chemical exchange or ion exchange enrichment plants

INTRODUCTORY NOTE

The slight difference in mass between the isotopes of uranium causes small
changes in chemical reaction equilibria that can be used as a basis for
separation of the isotopes. Two processes have been successfully developed:
liquid-liquid chemical exchange and solid-liquid ion exchange.

In the liquid-liquid chemical exchange process, immiscible liquid phases
(aqueous and organic) are countercurrently contacted to give the cascading
effect of thousands of separation stages. The aqueous phase consists of
uranium chloride in hydrochloric acid solution; the organic phase consists of an
extractant containing uranium chloride in an organic solvent. The contactors
employed in the separation cascade can be liquid-liquid exchange columns
(such as pulsed columns with sieve plates) or liquid centrifugal contactors.
Chemical conversions (oxidation and reduction) are required at both ends of
the separation cascade in order to provide for the reflux requirements at each
end. A major design concern is to avoid contamination of the process streams
with certain metal ions. Plastic, plastic-lined (including use of fluorocarbon
polymers) and/or glass-lined columns and piping are therefore used.
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In the solid-liquid ion-exchange process, enrichment is accomplished by
uranium adsorption/desorption on a special, very fast-acting, ion-exchange
resin or adsorbent. A solution of uranium in hydrochloric acid and other
chemical agents is passed through cylindrical enrichment columns containing
packed beds of the adsorbent. For a continuous process, a reflux system is
necessary to release the uranium from the adsorbent back into the liquid flow
so that 'product’ and 'tails' can be collected. This is accomplished with the use
of suitable reduction/oxidation chemical agents that are fully regenerated in
separate external circuits and that may be partially regenerated within the
isotopic separation columns themselves. The presence of hot concentrated
hydrochloric acid solutions in the process requires that the equipment be made
of or protected by special corrosion-resistant materials.

Liquid-liquid exchange columns (Chemical exchange)

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

Liquid-liquid centrifugal contactors (Chemical exchange)

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

Uranium reduction systems and equipment (Chemical exchange)

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

EXPLANATORY NOTE

The cell cathodic compartment must be designed to prevent re-oxidation of
uranium to its higher valence state. To keep the uranium in the cathodic
compartment, the cell may have an impervious diaphragm membrane
constructed of special cation exchange material. The cathode consists of a
suitable solid conductor such as graphite.

(b) Especially designed or prepared systems at the product end of the
cascade for taking the U4+ out of the organic stream, adjusting the acid
concentration and feeding to the electrochemical reduction cells.

EXPLANATORY NOTE

These systems consist of solvent extraction equipment for stripping the U4-
from the organic stream into an aqueous solution, evaporation and/or other
equipment to accomplish solution pH adjustment and control, and pumps or
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other transfer devices for feeding to the electrochemical reduction cells. A
major design concern is to avoid contamination of the aqueous stream with
certain metal ions. Consequently, for those parts in contact with the process
stream, the system is constructed of equipment made of or protected by
suitable materials (such as glass, fluorocarbon polymers, polyphenyl sulfate,
polyether sulfone, and resin-impregnated graphite).

Feed preparation systems (Chemical exchange)

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

EXPLANATORY NOTE

These systems consist of dissolution, solvent extraction and/or ion exchange
equipment for purification and electrolytic cells for reducing the uranium U6+ or
U4+ to U3+. These systems produce uranium chloride solutions having only a
few parts per million of metallic impurities such as chromium, iron, vanadium,
molybdenum and other bivalent or higher multi-valent cations. Materials of
construction for portions of the system processing high-purity U3+ include
glass, fluorocarbon polymers, polyphenyl sulfate or polyether sulfone plastic-
lined and resin-impregnated graphite.

Uranium oxidation systems (Chemical exchange)

Especially designed or prepared systems for oxidation of U3+ to U4+ for return
to the uranium isotope separation cascade in the chemical exchange
enrichment process.

EXPLANATORY NOTE
These systems may incorporate equipment such as:

(@) Equipment for contacting chlorine and oxygen with the aqueous effluent
from the isotope separation equipment and extracting the resultant U4+
into the stripped organic stream returning &om the product end of the
cascade,

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

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

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

lon exchange columns (lon exchange)

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

lon exchange reflux systems (lon exchange)

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

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

EXPLANATORY NOTE

The ion exchange enrichment process may use, for example, trivalent titanium
(Ti3+) as a reducing cation in which case the reduction system would
regenerate Ti3+ by reducing Ti4+.

The process may use, for example, trivalent iron (Fe3+) as an oxidant in which
case the oxidation system would regenerate Fe3+ by oxidizing Fe2+.

Especially designed or prepared systems, equipment and components

for use in laser-based enrichment plants

INTRODUCTORY NOTE

Present systems for enrichment processes using lasers fall into two
categories: those in which the process medium is atomic uranium vapor and
those in which the process medium is the vapor of a uranium compound.
Common nomenclature for such processes include: first category - atomic
vapor laser isotope separation (AVLIS or SILVA); second category - molecular
laser isotope separation (MLIS or MOLIS) and chemical reaction by isotope
selective laser activation (CRISLA). The systems, equipment and components
for laser enrichment plants embrace: (a) devices to feed uranium-metal vapor
(for selective photo-ionization) or devices to feed the vapor of a uranium
compound (for photo-dissociation or chemical activation); (b) devices to collect
enriched and depleted uranium metal as 'product’ and 'tails' in the first
category, and devices to collect dissociated or reacted compounds as 'product’
and unaffected material as 'tails' in the second category; (c) process laser
systems to selectively excite the uranium-235 species; and (d) feed
preparation and product conversion equipment. The complexity of the
spectroscopy of uranium atoms and compounds may require incorporation of
any of a number of available laser technologies.

EXPLANATORY NOTE

Many of the items listed in this section come into direct contact with uranium
metal vapor or liquid or with process gas consisting of UF6 or a mixture of UF6
and other gases. All surfaces that come into contact with the uranium or UF6
are wholly made of or protected by corrosion-resistant materials. For the
purposes of the section relating to laser-based enrichment items, the materials
resistant to corrosion by the vapor or liquid of uranium metal or uranium alloys
include yttria-coated graphite and tantalum; and the materials resistant to
corrosion by UF6 include copper, stainless steel, aluminium, aluminium alloys,
nickel or alloys containing 60% or more nickel and UF6-resistant fully
fluorinated hydrocarbon polymers.
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Uranium vaporization systems (AVLIS)

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

Liguid uranium metal handling systems (AVLIS)

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

EXPLANATORY NOTE

The crucibles and other parts of this system that come into contact with molten
uranium or uranium alloys are made of or protected by materials of suitable
corrosion and heat resistance. Suitable materials include tantalum, yttria-
coated graphite, graphite coated with other rare earth oxides or mixtures
thereof.

Uranium metal 'product’ and 'tails' collector assemblies (AVLIS)

Especially designed or prepared 'product' and 'tails' collector assemblies for
uranium metal in liquid or solid form.

EXPLANATORY NOTE

Components for these assemblies are made of or protected by materials
resistant to the heat and corrosion of uranium metal vapor or liquid (such as
yttria-coated graphite or tantalum) and may include pipes, valves, fittings,
'gutters’, feed-throughs, heat exchangers and collector plates for magnetic,
electrostatic or other separation methods.

Separator module housings (AVLIS)

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

EXPLANATORY NOTE

These housings have multiplicity of ports for electrical and water feed-
throughs, laser beam windows, vacuum pump connections and
instrumentation diagnostics and monitoring. They have provisions for opening
and closure to allow refurbishment of internal components.

Supersonic expansion nozzles (MLIS)

Especially designed or prepared supersonic expansion nozzles for cooling
mixtures of UF6 and carrier gas to 150 K or less and which are corrosion
resistant to UF6.

Uranium pentafluoride product collectors (MLIS)

Especially designed or prepared uranium pentafluoride (UF5) solid product
collector consisting of filter, impact, or cyclone-type collectors, or combinations
thereof, and which are corrosion resistant to the UF5/UF6 environment.

UF6/carrier gas compressors (MLIS)

Especially designed or prepared compressors for UF6/carrier gas mixtures,
designed for long term operation in a UF6 environment. The components of
these compressors that come into contact with process gas are made of or
protected by materials resistant to corrosion by UF6.
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Rotary shaft seals (MLIS)

Especially designed or prepared rotary shaft seals, with seal feed and seal
exhaust connections, for sealing the shaft connecting the compressor rotor
with the driver motor so as to ensure a reliable seal against out-leakage of
process gas or in-leakage of air or seal gas into the inner chamber of the
compressor which is filled with a UF6/carrier gas mixture.

Fluorination systems (MLIS)

Especially designed or prepared systems for fluorinating UFq (solid) to UF6
(gas).
EXPLANATORY NOTE

These systems are designed to fluorinate the collected UF5 powder to UF6 for
subsequent collection in product containers or for transfer as feed to MLIS
units for additional enrichment. In one approach, the fluorination reaction may
be accomplished within the isotope separation system to react and recover
directly off the 'product’ collectors. In another approach, the UF5 powder may
be removed/transferred &om the 'product’ collectors into a suitable reaction
vessel (e.g., fluidized-bed reactor, screw reactor or flame tower) for
fluorination. In both approaches, equipment for storage and transfer of fluorine
(or other suitable fluorinating agents) and for collection and transfer of UF6 are
used.

5.7.10. UF6 mass spectrometers/ion sources (MLIS)

Especially designed or prepared magnetic or quadrupole mass spectrometers
capable of taking 'on-line' samples of feed, 'product’ or 'tails', from UF6 gas
streams and having all of the following characteristics:

1. Unit resolution for mass greater than 320;

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

Electron bombardment ionization sources;

Collector system suitable for isotopic analysis.

5.7.11. Feed systems/product and tails withdrawal systems (MLIS)

Especially designed or prepared process systems or equipment for enrichment
plants made of or protected by materials resistant to corrosion by UF6,
including:

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

(b) Desublimers (or cold traps) used to remove UF6 from the enrichment
process for subsequent transfer upon heating;

(c) Solidification or liquefaction stations used to remove UF6 from the
enrichmen process by compressing and converting UF6 to a liquid or solid
form;

(d) 'Product’ or 'tails' stations used for transferring UF6 into containers.

5.7.12. UF6/carrier gas separation systems (MLIS)

Especially designed or prepared process systems for separating UF6 from
carrier gas. The carrier gas may be nitrogen, argon, or other gas.

EXPLANATORY NOTE
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These systems may incorporate equipment such as:

(&) Cryogenic heat exchangers or cryoseparators capable of temperatures of
-120 C or less, or

(b) Cryogenic refrigeration units capable of temperatures of -120 C or less, or
(c) UF6 cold traps capable of temperatures of -20 C or less.

5.7.13. Laser systems (AVLIS, MLIS and CRISLA)

5.8.

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

EXPLANATORY NOTE

The laser system for the AVLIS process usually consists of two lasers: a
copper vapor laser and a dye laser. The laser system for MLIS usually
consists of a CO2 or excimer laser and a multi-pass optical cell with revolving
mirrors at both ends. Lasers or laser systems for both processes require a
spectrum frequency stabilizer for operation over extended periods of time.

Especially designed or prepared systems, equipment and components

for use in plasma separation enrichment plants

5.8.1.

5.8.2.

5.8.3.

5.8.4.

INTRODUCTORY NOTE

In the plasma separation process, a plasma of uranium ions passes through
an electric field tuned to the U-235 ion resonance frequency so that they
preferentially absorb energy and increase the diameter of their corkscrew-like
orbits. lons with a large-diameter path are trapped to produce a product
enriched in U-235. The plasma, which is made by ionizing uranium vapor, is
contained in a vacuum chamber with a high-strength magnetic field produced
by a superconducting magnet. The main technological systems of the process
include the uranium plasma generation system, the separator module with
superconducting magnet and metal removal systems for the collection of
'‘product’ and 'tails'.

Microwave power sources and antennae

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

lon excitation coils

Especially designed or prepared radio frequency ion excitation coils for
frequencies of more than 100 kHz and capable of handling more than 40 kW
mean power.

Uranium plasma generation systems

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

Liguid uranium metal handling systems

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

EXPLANATORY NOTE
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The crucibles and other parts of this system that come into contact with molten
uranium or uranium alloys are made of or protected by materials of suitable
corrosion and heat resistance. Suitable materials include tantalum, yttria-
coated graphite, graphite coated with other rare earth oxides or mixtures
thereof.

Uranium metal 'product’ and 'tails' collector assemblies

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

Separator module housing

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

EXPLANATORY NOTE

These housings have a multiplicity of ports for electrical feed-throughs,
diffusion pump connections and instrumentation diagnostics and monitoring.
They have provisions for opening and closure to allow for refurbishment of
internal components and are constructed of a suitable non-magnetic material
such as stainless steel.

Especially designed or prepared systems, equipment and components

for use in electromagnetic enrichment plants

5.9.1.

INTRODUCTORY NOTE

In the electromagnetic process, uranium metal ions produced by ionization of a
salt feed material (typically UCI4) are accelerated and passed through a
magnetic field that has the effect of causing the ions of different isotopes to
follow different paths. The major components of an electromagnetic isotope
separator include: a magnetic field for ion-beam diversion/separation of the
isotopes, an ion source with its acceleration system, and a collection system
for the separated ions. Auxiliary systems for the process include the magnet
power supply system, the ion source high-voltage power supply system, the
vacuum system, and extensive chemical handling systems for recovery of
product and cleaning/recycling of components.

Electromagnetic isotope separators

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

(a) ion sources

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

(b) lon collectors

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

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

EXPLANATORY NOTE

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

(d) Magnet pole pieces

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

High voltage power supplies

Especially designed or prepared high-voltage power supplies for ion sources,
having all of the following characteristics: capable of continuous operation,
output voltage of 20,000 V or greater, output current of 1 A or greater, and
voltage regulation of better than 0.01% over a time period of 8 hours.

Magnet power supplies

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

Plants for the production of heavy water, deuterium and deuterium

compounds and equipment especially designed or prepared therefor

INTRODUCTORY NOTE

Heavy water can be produced by a variety of processes. However, the two
processes that have proven to 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 deuterium
between water and hydrogen sulphide within a series of towers which are
operated with the top section cold and the bottom section hot. Water flows
down the towers while the hydrogen sulphide gas circulates from the bottom to
the top of the towers. A series of perforated trays are used to promote mixing
between the gas and the water. Deuterium migrates to the water at low
temperatures and to the hydrogen sulphide at high temperatures. Gas or
water, enriched in deuterium, is removed from the first stage towers at the
junction of the hot and cold sections and the process is repeated in
subsequent stage towers. The product of the last stage, water enriched up to
30% in deuterium, is sent to a distillation unit to produce reactor grade heavy
water, i.e., 99.75% deuterium oxide.

The ammonia-hydrogen exchange process can extract deuterium from
synthesis gas through contact with liguid ammonia in the presence of a
catalyst. The synthesis gas is fed into exchange towers and to an ammonia
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converter. Inside the towers the gas flows from the bottom to the top while the
liquid ammonia flows from the top to the bottom. The deuterium is stripped
&om the hydrogen in the synthesis gas and concentrated in the ammonia. 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 distillation. The synthesis gas feed can be provided by an
ammonia plant that, in turn, can be constructed in association with a heavy
water ammonia-hydrogen exchange plant. The ammonia-hydrogen exchange
process can also use ordinary water as a feed source of deuterium.

Many of the key equipment items for heavy water production plants using GS
or the ammonia-hydrogen exchange processes are common to several
segments of the chemical and petroleum industries. This is particularly so for
small plants using the GS process. However, few of the items are available
"off-the-shelf'. The GS and ammonia-hydrogen processes require the handling
of large quantities of flammable, corrosive and toxic fluids at elevated
pressures. Accordingly, in establishing the design and operating standards for
plants and equipment using these processes, careful attention to the materials
selection and specifications is required to ensure long service life with high
safety and reliability factors. 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 should be noted that, in both the GS and the ammonia-hydrogen
exchange processes, items of equipment which individually are not especially
designed or prepared for heavy water production can be assembled 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 distillation systems used for the final concentration of heavy
water to reactor-grade in either process are examples of such systems.

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

Water - Hydrogen Sulphide Exchange Towers

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

Blowers and Compressors

Single stage, low head (i.e., 0.2 MPa or 30 psi) centrifugal blowers or
compressors for hydrogen-sulphide gas circulation (i.e., gas containing more
than 70% H2S) 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 m3
/second (120,000 SCFM) while operating at pressures greater than or equal to
1.8 MPa (260 psi) suction and have seals designed for wet H2S service.

Ammonia-Hydrogen Exchange Towers

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

Tower Internals and Stage Pumps

Tower internals and stage pumps especially designed or prepared for towers
for heavy water production utilizing the ammonia-hydrogen exchange process.
Tower internals include 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.

Infrared Absorption Analyzers

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

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.

Plants for the conversion of uranium and equipment especially designed
pared therefor

INTRODUCTORY NOTE

Uranium conversion plants and systems may perform one or more
transformations from one uranium chemical species to another, including:
conversion of uranium ore concentrates to UO3, conversion of UO3 to UO2,
conversion of uranium oxides to UF4 or UF6, conversion of UF4 to UF6,
conversion of UF6 to UF4, conversion of UF4 to uranium metal, and
conversion of uranium fluorides to UO2. Many of the key equipment items for
uranium conversion plants are common to several segments of the chemical
process industry. For example, the types of equipment employed in these
processes may include: furnaces, rotary kilns, fluidized bed reactors, flame
tower reactors, liquid centrifuges, distillation columns and liquid-liquid
extraction columns. However, few of the items are available "off-the-shelf,
most would be prepared according to the requirements and specifications of
the customer. In some instances, special design and construction
considerations are required to address the corrosive properties of some of the
chemicals handled (HF, F2, CIF3, and uranium fluorides). Finally, it should be
noted that, in all of the uranium conversion processes, items of equipment
which individually are not especially designed or prepared for uranium
conversion can be assembled into systems which are especially designed or
prepared for use in uranium conversion.

Especially designed or prepared systems for the conversion of uranium

ore concentrates to UO3

EXPLANATORY NOTE



38

Conversion of uranium ore concentrates to UO3 can be performed by first
dissolving the ore in nitric acid and extracting purified uranyl nitrate using a
solvent such as tributyl phosphate. Next, the uranyl nitrate is converted to UO3
either by concentration and denitration or by neutralization with gaseous
ammonia to produce ammonium diuranate with subsequent filtering, drying,
and calcining.

7.2. Especially designed or prepared systems for the conversion of UO3 to
UF6
EXPLANATORY NOTE

Conversion of UO3 to UF6 can be performed directly by fluorination. The
process requires a source of fluorine gas or chlorine trifluoride.

7.3. Especially designed or prepared systems for the conversion of UO3 to
uo2
EXPLANATORY NOTE

Conversion of UO3 to UO2 can be performed through reduction of UO3 with
cracked ammonia gas or hydrogen.

7.4. Especially designed or prepared systems for the conversion of UOqQ to
UF4
EXPLANATORY NOTE

Conversion of UO2 to UF4 can be performed by reacting UO2 with hydrogen
fluoride gas (HF) at 300-500 C.

7.5. Especially designed or prepared systems for the conversion of UF4 to
UF6
EXPLANATORY NOTE
Conversion of UF4 to UF6 is performed by exothermic reaction with fluorine in
a tower reactor. UF6 is condensed from the hot effluent gases by passing the

effluent stream through a cold trap cooled to -10 C. The process requires a
source of fluorine gas.

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

EXPLANATORY NOTE

Conversion of UF4 to U metal is performed by reduction with magnesium
(large batches) or calcium (small batches). The reaction is carried out at
temperatures above the melting point of uranium (1130 C).

7.7. Especially designed or prepared systems for the conversion of UF6 to
uo2
EXPLANATORY NOTE
Conversion of UF6 to UO2 can be performed by one of three processes. In the
first, UF6 is reduced and hydrolyzed to UO2 using hydrogen and steam. In the
second, UF6 is hydrolyzed by solution in water, ammonia is added to
precipitate ammonium diuranate, and the diuranate is reduced to UO2 with
hydrogen at 820 C. In the third process, gaseous UF6, CO2, and NH3 are
combined in water, precipitating ammonium uranyl carbonate, The ammonium

uranyl carbonate is combined with steam and hydrogen at 500-600 C to yield
uo2.

UF6 to UO2 conversion is often performed as the first stage of a fuel
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fabrication plant.
7.8. Especially designed or prepared systems for the conversion of UF6 to
UF4

EXPLANATORY NOTE

Conversion of UF6 to UF4 is performed by reduction with hydrogen.
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DODATNI PROTOKOL IZMEDU REPUBLIKE SRBIJE | MEDUNARODNE
AGENCIJE ZA ATOMSKU ENERGIJU UZ SPORAZUM IZMEDU SOCIJALISTICKE
FEDERATIVNE REPUBLIKE JUGOSLAVIJE | MEDUNARODNE AGENCIJE ZA
ATOMSKU ENERGIJU O PRIMENI GARANTIJA U VEZI SA UGOVOROM O
NESIRENjU NUKLEARNOG ORUZJA

S OBZIROM NA TO DA su Republika Srbija (u daljem tekstu: ,Srbija”) i
Medunarodna agencija za atomsku energiju (u daljem tekstu: ,Agencija”) strane u
Sporazumu o primeni garantija u vezi sa Ugovorom o nesirenju nuklearnog oruzja (u
daljem tekstu: ,Sporazum o garantijama”), koji je stupio na shagu 28. decembra
1973. godine;

SVESNI Zelje medunarodne zajednice za daljim unapredenjem neSirenja
nuklearnog oruZja, povecanjem delotvornosti i poboljSanjem efiksanosti sistema
garantija Agencije;

PODSECAJUCI da Agencija, pri sprovodenju garantija, mora uzeti u obzir
potrebu da se: izbegne ometanje privrednog i tehnoloSkog razvoja Srbije ili
medunarodne saradnje u oblasti nuklearnih aktivnosti u mirnodopske svrhe; vodi
raCuna o zdravlju, sigurnosti, fiziCkoj zastiti i drugim odredbama o bezbednosti koje
su na snazi, kao i pravima pojedinaca; preduzima sve mere predostroznosti za
zastitu poslovnih, tehnoloskih i industrijskih tajni, kao i drugih poverljivih informacija
koje sazna;

S OBZIROM NA TO DA udlestalost i intenzitet aktivnosti opisanih u ovom
protokolu treba da budu svedene na minimum dosledno cilju povecanja delotvornosti
i poboljSanja efikasnosti garantija Agencije;

NA OSNOVU GORE NAVEDENOG Srbija i Agencija su se dogovorile o
slede¢em:
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ODNOS IZMEDU PROTOKOLA | SPORAZUMA O GARANTIJAMA
Clan 1.

Odredbe Sporazuma o garantijama primenjuju se na ovaj protokol u meri u kojoj
su relevantne i u skladu sa odredbama ovog protokola. U slu¢aju neslaganja izmedu
odredbi Sporazuma o garantijama i odredbi ovog protokola, primenjuju se odredbe
ovog protokola.

DOSTAVLjANJE INFORMACIJA
Clan 2.
a. Srbija dostavlja Agenciji deklaraciju koja sadrzi:

(i) opsti opis i informacije o lokaciji istrazivackih i razvojnih aktivnosti povezanih
sa nuklearnim gorivnim ciklusom, koje ne ukljuéuju nuklearni materijal, koje se
sprovode na bilo kom mestu, a finansira ih, posebno odobrava ili kontroliSe Srbija
ili se sprovode u ime Srbije;

(i) informacije, koje utvrdi Agencija, a Srbija odobri, na osnovu ocekivanih
poboljSanja delotvornosti ili efikasnosti operativnih aktivhosti od znacCaja za
garantije u postrojenjima i na lokacijama izvan postrojenja, gde se nuklearni
materijal obi¢no koristi;

(i) opsti opis svake zgrade na svakom lokalitetu, uklju€ujuci njenu upotrebu i,
ako se to iz opisa ne vidi, njen sadrzaj. Opis mora da sadrzi mapu lokaliteta;

(iv) opis obima operacija za svaku lokaciju uklju¢enu u aktivnosti navedene u
Aneksu | ovog protokola;

(v) informacije u kojima se navodi lokacija, operativni status i procenjeni godisnji
kapacitet proizvodnje u rudnicima uranijuma, te postrojenjima za koncentrovanje
rude uranijuma i postrojenjima za koncentrovanje rude torijuma i teku¢a godisnja
proizvodnja u takvim rudnicima i postrojenjima za koncentrovanje rude za Srbiju
u celini. Srbija dostavlja, na zahtev Agencije, teku¢u godisnju proizvodnju za
pojedinacne rudnike ili postrojenja za koncentrovanje rude. Pruzanje ovih
informacija ne zahteva detaljan obra¢un nuklearnog materijala;

(vi) informacije o izvornom materijalu koji nije dostigao sastav i Cisto¢éu pogodnu
za proizvodnju goriva ili za izotopsko obogacdivanje, i to:

(a) koli¢ine, hemijski sastav, upotrebu ili nhamenu takvog materijala, bez
obzira da li je za nuklearnu ili nenuklearnu upotrebu, za svaku lokaciju u Srhiji
na kojoj se materijal nalazi u koli€¢inama koje prelaze deset metrickih tona
uranijuma, odnosno dvadeset metri¢kih tona torijuma i za druge lokacije sa
viSe od jedne metricke tone, ukupnu koli¢inu za Srbiju kao celinu ako ta
koli¢ina prelazi deset metriCkih tona uranijuma ili dvadeset metrickih tona
torijuma. Pruzanje takvih informacija ne zahteva detaljan obradun nuklearnog
materijala;

(b) koli¢ine, hemijski sastav i odredisSte svakog izvoza takvog materijala iz
Srbije za posebne nenuklearne namene u koli¢inama koje prelaze:

(1) deset metri¢kih tona uranijuma ili, za uzastopne izvoze uranijuma iz
Srbije u istu drzavu, svaku koli€¢inu manju od deset metri¢kih tona, ali koja
prelazi ukupno deset metrickih tona godiSnje;

(2) dvadeset metrickih tona torijjuma ili, za uzastopne izvoze torijjuma iz
Srbije u istu drzavu, svaku koli¢inu manju od dvadeset metri¢kih tona, ali
koja prelazi ukupno dvadeset metrickih tona godisSnje.

(c) koli¢ine, hemijski sastav, trenutnu lokaciju i upotrebu ili namenu svakog
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uvoza u Srbiju takvog materijala posebno za nenuklearne namene u
koli¢inama koje prelaze:

(1) deset metrickih tona uranijuma ili, za uzastopne uvoze uranijuma u
Srbiju, svaku koli€inu manju od deset metrickih tona, ali koja prelazi
ukupno deset metri¢kih tona godisnje;

(2) dvadeset metri¢kih tona torijuma ili, za uzastopne uvoze torijuma u
Srbiju, svaku koli¢inu manju od dvadeset metriCkih tona, ali koja prelazi
ukupno dvadeset metrickih tona godiSnje.

Podrazumeva se da ne postoji zahtev za dostavljanje informacija o takvom
materijalu namenjenom za nenuklearnu upotrebu, onda kada je taj materijal u svom
nenuklearnom obliku za krajnju upotrebu.

(vii)(a) informacije o koli€inama, upotrebi i lokacijama nuklearnog materijala koji
je izuzet od garantija, u skladu sa ¢lanom 37. Sporazuma o garantijama;

(b) informacije o koli¢inama (koje mogu biti u vidu procena) i upotrebi na
svakoj lokaciji nuklearnog materijala, koji je izuzet od garantija po ¢lanu 36.(b)
Sporazuma o garantijama, ali koji jo$ nije u nenuklearnom obliku za krajnju
upotrebu, u koli€inama veéim od koli¢ina utvrdenih u ¢lanu 37. Sporazuma o
garantijama. Dostavljanje ovih informacija ne zahteva detaljan obracun
nuklearnog materijala.

(viii) informacije o lokaciji ili daljoj obradi srednje ili visoko aktivhog otpada, koji
sadrzi plutonijum, visoko obogaceni uranijum ili uranijum-233, za koji su prestale
garantije na osnovu ¢lana 11. Sporazuma o0 garantijama. U smislu ovog stava,
,<dalja obrada” ne obuhvata prepakivanje otpada ili njegovo dalje kondicioniranje
koje ne uklju€uje separaciju elemenata, radi skladistenja ili odlaganja;

(ix) sledece informacije o posebno utvrdenoj opremi i nenuklearnom materijalu
koje su navedene u Aneksu Il

(a) za svaki izvoz takve opreme i materijala iz Srbije: naziv, koli€inu, lokaciju
namene u zemlji prijema i datum ili, po potrebi, o¢ekivani datum izvoza;

(b) na poseban zahtev Agencije, potvrdu Srbije, kao zemlje uvoza, o
informacijama koje Agenciji dostavi druga drzava u vezi sa izvozom takve
opreme i materijala u Srbiju.

(x) opste planove za naredni desetogodi$nji period koji se odnose na razvoj
nuklearnog gorivnog ciklusa (ukljuéujuc¢i planirane istrazivacke i razvojne
aktivnosti nuklearnog gorivnog ciklusa) kada ih odobri odgovarajuéi drzavni organ
Srbije.

b. Srbija ¢e u€initi svaki razuman napor da Agenciji pruzi sledece informacije:

(i) opsti opis i informacije o lokaciji istrazivackih i razvojnih aktivnosti vezanih za
nuklearni gorivni ciklus, koje ne obuhvataju nuklearni materijal i koje se posebno
odnose na obogacivanje, preradu nuklearnog goriva ili obradu srednje ili visoko
aktivnog otpada koji sadrzi plutonijum, visoko obogacéeni uranijum ili uranijum-
233, koje se sprovode na bilo kom mestu u Srhiji ali koje ne finansira, posebno
odobrava ili kontroliSe Srbija ili se ne sprovode u ime Srbije. U smislu ovog stava,
,2obrada“ srednjeg ili visoko aktivhog otpada ne obuhvata prepakivanje otpada ili
njegovo kondicioniranje koje ne ukljuCuje separaciju elemenata, radi skladistenja
ili odlaganja;

(i) opsti opis aktivnosti i identitet fizickog ili pravnog lica koje sprovodi takve
aktivnosti na lokacijama izvan lokaliteta koje je utvrdila Agencija, a za koje
Agencija smatra da bi mogle biti funkcionalno povezane sa aktivhostima na tom
lokalitetu. PruZanje takvih informacija podleZe posebnom zahtevu Agencije. One
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se blagovremeno dostavljaju nakon konsultacija sa Agencijom.

c. Na zahtev Agencije, Srbija obezbeduje opSirnije opise ili razjaSnjenja svih
informacija koje je pruzila na osnovu ovog ¢lana, u onoj meri u kojoj je to relevantno
za potrebe garantija.

Clan 3.

a. Srbija dostavlja Agenciji informacije navedene u ¢lanu 2.a.(i), (iii), (iv), (v), (vi)(a),
(vii) i (x) i €lanu 2.b.(i) u roku od 180 dana od stupanja na snagu ovog protokola.

b. Srbija dostavlja Agenciji do 15. maja svake godine, azZurirane informacije
navedene u taCki a. ovog €&lana za period koji obuhvata prethodnu kalendarsku
godinu. Ako nema nikakvih promena u odnosu na prethodno dostavljene informacije,
Srbija ¢e to naznacditi.

c. Srbija dostavlja Agenciji do 15. maja svake godine, informacije navedene u ¢lanu
2.a.(vi)(b) i (c) za period koji obuhvata prethodnu kalendarsku godinu.

d. Srbija kvartalno dostavlja Agenciji informacije navedene u ¢lanu 2.a.(ix)(a). Ove
informacije se dostavljaju u roku od Sezdeset dana nakon isteka svakog kvartala.

e. Srbija dostavlja Agenciji informacije navedene u ¢lanu 2.a.(viii) 180 dana pre
obavljanja dalje obrade i do 15. maja svake godine informacije o promenama lokacije
za period koji obuhvata prethodnu kalendarsku godinu.

f. Srbija i Agencija se dogovaraju o roku i uCestalosti dostavljanja informacija
navedenih u ¢lanu 2.a.(ii).

g. Srbija dostavlja Agenciji informacije iz ¢lana 2.a.(ix)(b) u roku od Sezdeset dana
od zahteva Agencije.

DOPUNSKI PRISTUP
Clan 4.

U vezi sa sprovodenjem dopunskog pristupa po ¢lanu 5. ovog protokola
primenjuje se sledece:

a. Agencija ne¢e mehanicki ili sistematski traziti proveru informacija navedenih u
¢lanu 2. medutim, Agencija ¢e imati pristup:

(i) svakoj lokaciji navedenoj u ¢lanu 5.a.(i) ili (ii) na selektivnhoj osnovi, kako bi se
uverila da nema neprijavljenog nuklearnog materijala i neprijavljenih aktivnosti;

(ii) svakoj lokaciji navedenoj u ¢lanu 5.b. ili c. kako bi se reSilo pitanje tacnosti i
kompletnosti informacija dostavljenih u skladu sa ¢lanom 2. ili reSila protivre€nost
tih informacija;

(iii) svakoj lokaciji navedenoj u €lanu 5.a.(iii) u meri koja je Agenciji neophodna da
potvrdi, za potrebe garantija, deklaraciju Srbije o statusu dekomisije postrojenja ili
lokacije izvan postrojenja gde je nuklearni materijal uobi¢ajeno koriséen.

b. (i) Osim kako je predvideno u napred navedenoj tacki (ii), Agencija ¢e dostaviti
Srbiji obavestenje o pristupu najmanje 24 ¢asa unapred;

(iiy Za pristup bilo kom mestu na lokalitetu, koji se trazi u vezi sa posetama radi
verifikacije projektnih informacija ili ad hoc ili rutinskih inspekcija na tom lokalitetu,
vreme najave ¢e biti, na zahtev Agencije, najmanje dva ¢asa unapred ali, u
izuzetnim okolnostima, moZe biti i krace od dva €asa.

c. Najava ce biti u pisanom obliku i u njoj ¢e se navesti razlozi pristupa i aktivnosti
koje Ce se sprovesti tokom takvog pristupa.

d. U slucaju bilo kakvog pitanja ili protivre€nosti, Agencija ¢e dati Srbiji priliku da
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razjasni i reSi to pitanje ili protivreCnost. Takva prilika ¢e se pruziti pre zahteva za
pristup, osim ako Agencija smatra da ¢e odlaganje pristupa ugroziti svrhu u koju se
pristup trazi. U svakom slucaju, Agencija nece donositi nikakve zakljucke o tom
pitanju ili o protivreCnosti sve dok se Srbiji ne pruzi pomenuta prilika.

e. Ukoliko se Srbija ne saglasi drugacije, pristup ¢e se vrSiti samo tokom redovnog
radnog vremena.

f. Srbija ima pravo da njeni predstavnici prate inspektore Agencije tokom njihove
posete, pod uslovom da se inspektori time ne zadrzavaju ili na drugi nacin ometaju u
obavljanju svojih duznosti.

Clan 5.
Srbija obezbeduje Agenciji pristup:
a. (i) svakom mestu na lokalitetu;
(i) svakoj lokaciji koju Srbija navede na osnovu ¢lana 2.a.(v)-(viii);

(iii) svakom dekomisioniranom postrojenju ili lokaciji izvan postrojenja, gde je
nuklearni materijal uobi¢ajeno koridc¢en.

b. svakoj lokaciji koju Srbija naznaci po ¢lanu 2.a.(i), ¢lanu 2.a.(iv), ¢lanu 2.a.(ix)(b)
ili ¢lanu 2.b, osim onih lokacija navedenih u tacki a.(i) ovog ¢lana, smatrajuéi da ce,
ako ne moze da obezbedi takav pristup, uciniti svaki razuman napor da, bez
odlaganja, ispuni zahteve Agencije na drugi nacin;

c. svakoj lokaciji koju Agencija navede, osim lokacija navedenih u tatkama a. i b.
ovog Clana, za uzimanje uzoraka iz zivotne sredine na datoj lokaciji, smatrajuci da ¢e
Srbija, ako ne moze da obezbedi takav pristup, u€initi svaki razuman napor da, bez
odlaganja, ispuni zahteve Agencije na susednim lokacijama ili na neki drugi nacin.

Clan 6.
Kod primene ¢lana 5, Agencija moze sprovesti sledeée aktivnosti:

a. za pristup u skladu sa ¢lanom 5.a.(i) ili (iii): vizuelni pregled, uzimanje uzoraka iz
zivotne sredine, koriSéenje uredaja za detekciju i merenje zraCenja, primena pecata i
drugih identifikacionih uredaja i uredaja za indikaciju neovlaséenog pristupa, kako je
navedeno u Dopunskim aranzmanima i druge objektivne mere koje su se pokazale
tehnicki izvodljivim i Cije koris¢enje je odobrio Savet guvernera (u daljem tekstu:
.Savet”), a nakon konsultacija izmedu Agencije i Srbije;

b. za pristup u skladu sa ¢lanom 5.a.(ii): vizuelni pregled, brojanje stavki nuklearnog
materijala, nedestruktivna merenja i uzorkovanja, koriséenje uredaja za detekciju i
merenje zracenja, pregled zapisa koji se odnose na koli€ine, poreklo i dispoziciju
materijala, uzimanje uzoraka iz zivotne sredine i druge objektivhe mere koje su se
pokazale tehnicki izvodljivim i Ciju upotrebu je odobrio Savet, a nakon konsultacija
izmedu Agencije i Srbije;

c. za pristup u skladu sa ¢lanom 5.b: vizuelni pregled, uzimanje uzoraka iz zivotne
sredine, koriS¢enje uredaja za detekciju i merenje zraCenja, pregled zapisa o
proizvodnji i otpremi koje se odnose na garantije i druge objektivne mere koje su se
pokazale tehnicki izvodljivim i &iju upotrebu je odobrio Savet, a nakon konsultacija
izmedu Agencije i Srbije;

d. za pristup u skladu sa ¢lanom 5.c: uzimanje uzoraka iz zivotne sredine, a u
sluCaju da se rezultatima ne reSava pitanje ili protivreCnost na lokaciji koju odredi
Agencija u skladu sa ¢lanom 5.c, obavljanje vizuelnog pregleda na toj lokaciji,
koriS¢enje uredaja za detekciju i merenje zraCenja i, po dogovoru Srbije i Agencije,
drugih objektivnih mera.
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Clan 7.

a. Na zahtev Srbije, Agencija i Srbija pripremaju aranZmane za organizovani pristup
po ovom protokolu, kako bi se sprecilo prenoSenje osetljivih informacija koje su u
vezi sa Sirenjem nuklearnog oruzja, ispunili zahtevi sigurnosti i fizicke zastite ili
zastitile vlasniCke ili poslovno osetljive informacije. Takvi aranzmani nece spreciti
Agenciju u sprovodenju aktivnosti koje su neophodne za dobijanje verodostojnog
uverenja 0 nepostojanju neprijavlienog nuklearnog materijala i aktivnhosti na
predmetnoj lokaciji, ukljuCujuc¢i redavanje pitanja koja se odnose na tacnost i
kompletnost informacija navedenih u ¢lanu 2. ili na protivre¢nost u vezi sa tim
informacijama.

b. Srbija moze, kada dostavlja informacije navedene u €lanu 2, obavestiti Agenciju o
mestima na lokalitetu ili lokaciji gde se mozZe primeniti organizovani pristup.

c. Do stupanja na snagu bilo kog neophodnog Dopunskog aranZmana, Srbija moze
zahtevati organizovani pristup u skladu sa odredbama navedenim u stavu a.

Clan 8.

Nista iz ovog protokola nece sprediti Srbiju da Agenciji ponudi pristup lokacijama
pored onih navedenih u €l. 5. i 9. ili da zahteva od Agencije sprovodenje aktivnosti
verifikacije na nekoj odredenoj lokaciji. Agencija ¢e, bez odlaganja, uciniti sve
razumne napore da postupi po takvom zahtevu.

Clan 9.

Srbija Agenciji obezbeduje pristup lokacijama koje Agencija odredi kako bi
sprovela uzimanje uzoraka iz zivotne sredine sa Sireg podrucja, ali ukoliko Srbija ne
moze da obezbedi takav pristup, ona ¢e udiniti svaki razuman napor kako bi ispunila
zahteve Agencije na alternativnim lokacijama. Agencija nece traziti takav pristup sve
dok uzimanje uzoraka iz zivotne sredine sa Sireg podrucja i proceduralne aranzmane
po tom pitanju ne odobri Savet nakon konsultacija izmedu Agencije i Srbije.

Clan 10.
Agencija obavestava Srbiju o slede¢em:

a. Aktivnostima sprovedenim po ovom protokolu, uklju€ujuéi aktivnosti u pogledu
bilo kakvih pitanja ili protivre¢nosti na koje je Agencija Srbiji skrenula paznju, u roku
od Sezdeset dana od sprovodenja aktivnosti od strane Agencije;

b. Rezultatima aktivnosti u pogledu bilo kakvih problema ili protivre¢nostima na koje
je Agencija Srbiji skrenula paznju, sto pre, ali u svakom slucaju, u roku od trideset
dana nakon §to je Agencija utvrdila rezultate;

c. Zaklju¢cima koje je Agencija donela na osnovu svojih aktivhosti po ovom
protokolu. Zaklju€ci se dostavljaju jednom godisnje.

IMENOVANE INSPEKTORA AGENCIJE
Clan 11.

a. (i) Generalni direktor obavestava Srbiju da je Savet saglasan sa imenovanjem
bilo kog sluzbenika Agencije za inspektora za garantije. Ukoliko Srbija ne obavesti
generalnog direktora da odbija da se takav sluzbenik imenuje za inspektora za Srbiju
u roku od tri meseca od prijema obavestenja o odobrenju Saveta, smatrace se da je
inspektor o kom je Srbija obavestena i odreden za Srhiju.

(i) Generalni direktor, postupajuci po zahtevu Srbije ili na sopstvenu inicijativu,
odmah obavesStava Srbiju o povlaenju imenovanja bilo kog sluzbenika kao
inspektora zaduZenog za Srbiju.

b. Smatra se da je obavestenje navedeno u stavu a. Srbija primila sedam dana
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nakon $to je Agencija poslala obavestenje Srbiji preporu¢enom postom.
VIZE
Clan 12.

Srbija ¢e u roku od mesec dana od prijema zahteva obezbediti imenovanom
inspektoru, navedenom u zahtevu, odgovaraju¢u vizu za viSe ulazakalizlazaka
odnosno tranzitnu vizu, tamo gde je potrebno, kako bi se omoguéilo inspektoru da
stupi i boravi na teritoriji Srbije radi obavljanja svojih duznosti. Sve potrebne vize
moraju da vaze najmanje godinu dana i moraju da budu produzZene, ako je to
potrebno, tako da pokriju period trajanja inspektorovog imenovanja u Srhbiji.

DOPUNSKI| ARANZMANI
Clan 13.

a. Ako Srbija ili Agencija utvrde da je neophodno da se u Dopunskim aranzmanima
naznaci kako treba primeniti mere predvidene ovim protokolom, Srbija i Agencija ¢e
se dogovoriti 0 takvim Dopunskim aranZmanima u roku od devedeset dana od
stupanja na snagu ovog protokola ili, ako se potreba za takvim Dopunskim
aranzmanima utvrdi posle stupanja na snagu ovog protokola, u roku od devedeset
dana od dana utvrdivanja te potrebe.

b. Do stupanja na snagu neophodnih Dopunskih aranZmana, Agencija ima pravo da
primeni mere predvidene ovim protokolom.

KOMUNIKACIONI SISTEMI

Clan 14.
a. Srbija dozvoljava i §titi slobodne komunikacije za sluzbene potrebe Agencije
izmedu inspektora Agencije u Srbiji i sedista Agencije, odnosno regionalnih

kancelarija, ukljuCuju¢i prenos informacija sa i bez nadzora, koje su generisane
radom uredaja Agencije za nadzor, odnosno kontrolu ili merenje. Agencija ima pravo,
uz konsultacije sa Srbijom, da koristi medunarodno uspostavljene sisteme direktnih
komunikacija, uklju€ujuéi satelitske sisteme i druge oblike telekomunikacija koji se ne
koriste u Srbiji. Na zahtev Srbije ili Agencije, detalji primene ovog stava u pogledu
prenosa informacija sa ili bez nadzora, koje su generisane radom uredaja Agencije
za nadzor odnosno kontrolu ili merenje, bic¢e utvrdeni u Dopunskim aranzmanima.

b. Prilikom dostavljanja i prenosa informacija, kako je predvideno u tacki a. ovog
¢lana, vodi se raCuna o potrebi da se zastite vlasni¢ke ili poslovno osetljive
informacije ili projektne informacije koje Srbija smatra posebno osetljivim.

ZASTITA POVERLjIVIH INFORMACIJA
Clan 15.

a. Agencija ¢e odrzavati strogi rezim efektivhe zastite protiv otkrivanja poslovnih,
tehnoloskih i industrijskih tajni i drugih poverljivin informacija koje Agencija sazna,
uklju€uju¢i takve informacije do kojih Agencija dode prilikom sprovodenja ovog
protokola.

b. Rezim naveden u prethodnoj tacki a. ovog C¢lana obuhvata, izmedu ostalog,
odredbe koje se odnose na sledece:

(i) opste principe i prate¢e mere za postupanje sa poverljivim informacijama;
(i) uslove zaposljavanja osoblja koji su u vezi sa zastitom poverljivih informacija;

(i) postupke u slu€ajevima povrede ili navodne povrede poverljivosti.
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c. RezZim naveden u prethodnoj tacki a. ovog ¢lana odobrava i periodi¢no preispituje
Savet Agencije.

ANEKSI
Clan 16.

a. Aneksi ovog protokola ¢ine njegov sastavni deo. Osim za potrebe izmene
aneksa, izraz ,Protokol”, kako se koristi u ovom dokumentu, podrazumeva Protokol i
anekse zajedno.

b. Spisak aktivnosti iz Aneksa | i listu opreme i materijala iz Aneksa Il moze menjati
Savet po savetu otvorene radne grupe stru€njaka koju osniva Savet. Svaka izmena
stupa na snagu u roku od Cetiri meseca nakon njenog usvajanja od strane Saveta.

STUPANJE NA SNAGU
Clan 17.

a. Ovaj protokol stupa na snagu na dan kada Agencija dobije od Srbije pisano
obavestenje da su zakonski, odnosno ustavni zahtevi Srbije za stupanje na shagu
ispunjeni.

b. Srbija moze, bilo kog dana pre stupanja ovog protokola na snagu, objaviti da ¢e
ovaj protokol primenjivati privremeno.

c. Generalni direktor odmah obavestava sve drzave clanice Agencije o svakoj
deklaraciji privremene primene i 0 stupanju na snagu ovog protokola.

DEFINICIJE
Clan 18.
Za potrebe ovog protokola:

a. Istrazivacke i razvojne aktivnosti u vezi s nuklearnim gorivnim ciklusom jesu one
aktivnosti koje se posebno odnose na svaki proces ili aspekt razvoja sistema neceg
od navedenog:

- konverzija nuklearnog materijala,

- obogacivanje nuklearnog materijala,

- proizvodnja nuklearnog goriva,

- reaktori,

- kriti¢na postrojenja,

- prerada nuklearnog goriva,

- obrada (ne obuhvata prepakivanje ili kondicioniranje koje ne uklju€uje
separaciju elemenata, radi skladistenja ili odlaganja) srednjeg ili visoko

radioaktivnog otpada koji sadrzi plutonijum, visoko obogaceni uranijum ili
uranijum-233,

ali ne obuhvata aktivnosti povezane sa teorijskim ili osnovnim naucénim
istrazivanjem ili istrazivanjem i razvojem industrijske primene radioizotopa, primene u
medicini, hidrologiji i poljoprivredi, uticaje na zdravlje i zivotnu sredinu, kao ni
unapredeno (tehnic¢ko) odrzavanje;

b. Lokalitet je ona oblast koju Srbija odredi u relevantnim projektnim informacijama
za postrojenje, ukljuCujuci zatvoreno postrojenje, i u relevantnim informacijama o
lokaciji izvan postrojenja gde se nuklearni materijal uobi€ajeno koristi, uklju€ujuéi
zatvorenu lokaciju izvan postrojenja, gde je nuklearni materijal uobiCajeno bio
koriS¢en (ovo se ograniCava na lokacije sa vruéim celijama ili lokacije gde su
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sprovodene aktivnosti povezane sa konverzijom, obogacivanjem, proizvodnjom
goriva ili preradom). On takode obuhvata sve objekte, povezane sa postrojenjem ili
lokacijom, za pruzanje ili koris¢enje neophodnih usluga, uklju€ujuéi: vruce celije za
obradu ozraCenih materijala koji ne sadrze nuklearni materijal, objekte za tretman,
skladidtenje i odlaganje otpada; i zgrade povezane sa detaljno navedenim
aktivnhostima koje je Srbija navela na osnovu ¢lana 2.a.(iv);

c. Postrojenje stavljeno van funkcije ili lokacija izvan postrojenja stavljena van
funkcije jeste objekat ili lokacija na kojoj su preostale konstrukcije i oprema
neophodna za njihovo koriséenje, uklonjeni ili u€injeni neupotrebljivim tako da se ne
koriste za skladiStenje i ne mogu viSe biti upotrebljeni za rukovanje, obradu ili
koris¢enje nuklearnog materijala;

d. Zatvoreno postrojenje ili zatvorena lokacija izvan postrojenja je objekat ili lokacija
na kojoj su operacije obustavljene i nuklearni materijal uklonjen, ali nije stavljena van
funkcije;

e. Visoko obogaceni uranijum je uranijum koji sadrzi 20 ili viSe procenata izotopa
uranijuma-235;

f. Uzimanje uzoraka iz Zivotne sredine na posebnoj lokaciji je uzimanje uzoraka iz
zivotne sredine (npr. vazduha, vode, vegetacije, zemljiSta, briseva) na lokaciji ili
neposrednoj blizini lokacije koju utvrdi Agencija za potrebe pruzanja pomoc¢i Agenciji
da donese zakljucke o nepostojanju neprijavlienog nuklearnog materijala ili
nuklearnih aktivnosti na naznacenoj lokaciji;

g. Uzimanje uzoraka iz zivotne sredine sa Sireg podrucja je uzimanje uzoraka iz
zivotne sredine (npr. vazduha, vode, vegetacije, zemljista, briseva) na skupu lokacija
koje utvrdi Agencija za potrebe pruzanja pomocéi Agenciji da donese zakljuCke o
nepostojanju neprijavlienog nuklearnog materijala ili nuklearnih aktivnosti na Sirem
podrucju;

h. Nuklearni materijal je svaki izvorni ili specijalni fisibilni materijal, kako je
definisano u ¢lanu XX Statuta. Izraz ,izvorni materijal” ne sme se tumadciti kao da se
odnosi na rudu ili rudne ostatke. Svaka odluka Saveta prema c¢lanu XX Statuta
Agencije, a nakon stupanja ovog protokola na snagu, kojom se dodaju materijali koji
se smatraju izvornim materijalima ili specijalnim fisibilnim materijalima, imace dejstvo
po ovom protokolu samo nakon prihvatanja od strane Srbije;

i. Postrojenje je:

() Reaktor, kriti€no postrojenje, postrojenje za konverziju, postrojenje za
proizvodnju, postrojenje za preradu, postrojenje za separaciju izotopa ili poseban
objekat za skladistenje; ili

(i) svaka lokacija na kojoj se uobi€ajeno koristi nuklearni materijal u koli¢inama
vecim od jednog efektivhog kilograma.

j- Lokacija izvan postrojenja je svaki objekat ili lokacija, koja nije postrojenje, gde se
nuklearni materijal uobi€ajeno koristi u koli¢inama od jednog efektivhog kilograma ili
manije.

SACINJENO u Beogradu, treéeg dana jula 2009. godine, u dva primerka, na
engleskom jeziku.

U ime REPUBLIKE SRBIJE U ime MEDUNARODNE AGENCIJE
ZA ATOMSKU ENERGIJU

Potpis Potpis



49



(i)

(ii)

(i)

(iv)

v)

(vi)
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ANEKS |

SPISAK AKTIVNOSTI NAVEDENIH U CLANU 2.a.(iv) PROTOKOLA

Izrada rotorskih cevi centrifuge ili montaza gasnih centrifuga.

Rotorske cevi centrifuga su cilindri tankih zidova kako je opisano u tacki 5.1.1.(b)
Aneksa Il

Gasne centrifuge su centrifuge kako je opisano u uvodnoj napomeni tacke 5.1.
Aneksa Il

Izrada pregrada za gasnu difuziju.

Pregrade za gasnu difuziju su tanki, porozni filteri kako je opisano u tacki
5.3.1.(a) Aneksa Il.

Izrada ili montaza laserskih sistema.
Laserski sistemi su sistemi koji obuhvataju stavke opisane u tacki 5.7. Aneksa Il.
Izrada ili montaza elektromagnetnih separatora izotopa.

Elektromagnetni separatori izotopa su stavke navedene u tacki 5.9.1. Aneksa Il
koji sadrZe jonske izvore kako je opisano u tacki 5.9.1.(a) Aneksa II.

Izrada ili montaza kolona ili opreme za ekstrakciju.

Kolone ili oprema za ekstrakciju su stavke koje su opisane u tatkama 5.6.1.,
5.6.2.,,5.6.3.,,5.6.5.,5.6.6.,5.6.7.15.6.8. Aneksa Il.

Izrada mlaznica za aerodinamicku separaciju ili vrtioznih cevi.

Mlaznice za aerodinamicku separaciju ili vrtlozne cevi su separacione mlaznice i
vrtlozne cevi opisane u tatkama 5.5.1. i 5.5.2. Aneksa Il, respektivno.

(vii) 1zrada ili montaza sistema za generisanje plazme uranijuma.

Sistemi za generisanje plazme uranijuma su sistemi za stvaranje plazme
uranijuma kako je opisano u tacki 5.8.3. Aneksa Il

(viii) Proizvodnja cevi od cirkonijuma.

(ix)

()

(xi)

Cevi od cirkonijuma su cevi opisane u tacki 1.6. Aneksa |l.
Proizvodnja ili poboljSanje kvaliteta teske vode ili deuterijuma.

TeSka voda ili deuterijum je deuterijum, teSka voda (oksid deuterijuma) i bilo koje
drugo jedinjenje deuterijuma u kojem je odnos broja atoma deuterijuma i
vodonika veci od 1:5000.

Izrada grafita nuklearne Gistoce.

Grafit nuklearne Cistoc¢e je grafit koji ima stepen Cistoce veci od 5 delova na
milion ‘bor-ekvivalenta’ i gustinu veéu od 1,50 g/cm®.

Proizvodnja posuda za ozra¢eno gorivo.

Posuda za ozraceno gorivo je sud za transport odnosno skladiStenje ozracenog
goriva koja pruza hemijsku, termi¢ku i radiolosku zastitu i koja tokom rukovanja,
transporta i skladiStenja odaje toplotu radioaktivnog raspada.

(xii) 1zrada reaktorskih kontrolnih Sipki za reaktor.

Kontrolne Sipke za reaktor su Sipke kako je opisano u tacki 1.4. Aneksa Il.

(xiii) 1zrada rezervoara i sudova sigurnih u pogledu kriticnosti.
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Rezervoari i sudovi sigurni u pogledu kriticnosti su stavke koje su opisane u
taCkama 3.2. 1 3.4. Aneksa Il.

(xiv)Izrada masina za cepanje ozraCenih gorivnih elemenata.

MasSine za cepanje ozraCenih gorivnih elemenata su oprema kako je opisano u
tacki 3.1. Aneksa Il.
(xv) Izgradnja vrucih celija.

Vruce celije su celija ili medusobno povezane celije ukupne zapremine od
najmanje 6 m® sa slojem zastite koji je jednak ili veéi od ekvivalenta 0.5 m
betona gustine 3,2 g/cm? ili veée, opremljene uredajima za daljinske operacije.
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ANEKS Il

SPISAK POSEBNE OPREME | NENUKLEARNOG MATERIJALA ZA
IZVESTAVANIE O 1ZVvOZU | UVOZU U SKLADU SA CLANOM 2.a.(ix)

Reaktori i oprema za njih
Kompletni nuklearni reaktori

Nuklearni reaktori koji mogu da rade tako da odrZzavaju kontrolisanu
samoodrzivu langanu reakciju fisije, iskljuCuju¢i reaktore nulte snage,
definisane kao reaktore sa projektovanom maksimalnom koli¢inom proizvodnje
plutonijuma koja ne prelazi 100 grama godisnje.

OBJASNENJE

,Nuklearni reaktor” u osnovi obuhvata elemente unutar reaktorskog suda ili
direktno prikljuéene na njega, opremu koja reguliSe stepen shage u jezgru i
komponente koje obi¢no sadrze primarni hladilac jezgra reaktora odnosno koje
dolaze u direktan kontakt sa njim ili ga kontroliSu.

Nije namera da se iskljuCe raektori koji se razumno mogu modifikovati za
proizvodnju znatno vise od 100 grama plutonijuma godiSnje. Reaktori
projektovani za kontinualan rad na znatnim nivoima snage, bez obzira na
njihov kapacitet za proizvodnju plutonijuma, ne smatraju se ,reaktorima nulte
shage”.

Reaktorski sudovi pod pritiskom

Metalni sudovi, kao kompletne jedinice ili kao znacajni radioniCki izradeni
delovi za njih, posebno su projektovani ili pripremljeni tako da sadrze jezgro
nuklearnog reaktora kako je definisano u stavu 1.1. i mogu izdrzati radni
pritisak primarnog hladioca.

OBJASNIENJE

Gornja plo¢a reaktorske posude pod pritiskom obuhvaéena je taCkom 1.2. i
predstavlja zna&aijniji radionicki izraden deo suda pod pritiskom.

Unutrasnje delove reaktora (npr. noseée kolone i plo¢e za jezgro i druge
unutrasnje delove suda, cevi za vodenje kontrolnih Sipki, termicke Stitove,
pregrade, ploCe za reSetku jezgra, ploge difuzora, itd.) obi¢no isporucuje
dobavlja¢ reaktora. U nekim slu€ajevima, odredene unutrasnje nosece
komponente su ukljuéene u izradu suda pod pritiskom. Ti elementi su od
dovoljne vaznosti za sigurnost i pouzdanost rada reaktora (pa stoga i za
garancije i odgovornost dobavlja¢a reaktora), tako da njihova isporuka izvan
oshovnog ugovora za isporuku reaktora ne bi bila uobi€ajena praksa. Prema
tome, iako zasebna isporuka ovih jedinstvenih, posebno projektovanih i
izradenih, kritiCnih, velikih i skupih elemenata ne bi nuzno bila smatrana za
nesto izvan podru€ja od interesa, takav nacin isporuke se ne smatra
verovatnim.

Uredaji za punjenje i uklanjanje reaktorskog goriva

Oprema za rukovanje posebno projektovana ili pripremljena za punjenje ili
uklanjanje goriva iz nuklearnog reaktora, kako je definisano u stavu 1.1.
sposobna za operaciju utovara, ili primenjuju¢i tehnicki sofisticirano
pozicioniranje ili centriranje kako bi se omogucile slozene operacije istovara
goriva, gde direktno posmatranje ili pristup gorivu obi€no nije moguc.

Reaktorske kontrolne Sipke
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Sipke posebno projektovane ili pripremliene za kontrolu brzine reakcije u
nuklearnom reaktoru kako je definisano u stavu 1.1.

OBJASNENJE

Ova taCka obuhvata, pored dela za apsorpciju neutrona, nosec¢u konstrukciju ili
konstrukciju za veSanje, ako su isporu¢ene zasebno.

Reaktorske cevi pod pritiskom

Cevi koje su posebno projektovane ili pripremljene tako da drze gorivne
elemente i primarni hladilac u reaktoru, kako je definisano u stavu 1.1. pod
radnim pritiskom ve¢im od 5.1 MPa (740 psi).

Cevi od cirkonijuma

Metal i legure cirkonijuma u obliku cevi ili sklopovi cevi u koli¢inama vec¢im od
500 kg u bilo kom periodu od 12 meseci, posebno projektovane ili pripremljene
za koriS¢enje u reaktoru, kako je difinisano u navedenom stavu 1.1. i kod kojih
je odnos hafnijuma prema cirkonijumu manji od 1:500 tezinskih delova.

Pumpe za primarni hladilac

Pumpe posebno projektovane ili pripremljene za cirkulaciju primarnog
rashladnog sredstva u nuklearnim reaktorima, kako je definisano u navedenoj
tacki 1.1.

OBJASNENJE

Posebno projektovane ili pripremliene pumpe mogu obuhvatati slozene
zaptivne ili visestruko zaptivene sisteme kako bi se sprecilo curenje primarnog
hladioca, hermeticki zatvorene pumpe i pumpe sa inercijalnim sistemima. Ova
definicija se odnosi na pumpe sertifikovane prema NC-1 ili ekvivalentnim
standardima.

Nenuklearni materijali za reaktore
Deuterijum i teSka voda

Deuterijum, teska voda (deuterijum oksid) i bilo koje drugo jedinjenje
deuterijuma u kojem je odnos broja atoma deuterijuma i vodonika veéi od
1:5000 za upotrebu u nuklearnom reaktoru, kako je definisano u stavu 1.1. u
koli¢inama koje prelaze 200 kg atoma deuterijuma za svaku zemlju primaoca u
bilo kom periodu od 12 meseci.

Grafit za nuklearnu primenu

Grafit koji ima nivo Cisto¢e bolji od 5 ppm bor-ekvivalenta i gustinu vec¢u od
1,50 g/cm® za upotrebu u nuklearnom reaktoru, kako je definisano u
navedenom stavu 1.1. u koli¢inama koje prelaze 3 x 10* kg (30 metri¢kih tona)
za svaku zemlju primaoca u bilo kom periodu od 12 meseci.

NAPOMENA

Za potrebe izveStavanja, Vlada ¢e utvrditi da li se grafit, prema gore
navedenim zahtevima, izvozi za upotrebu u nuklearnom reaktoru.

Postrojenja za preradu ozra€enih gorivnih elemenata i oprema posebno

projektovana i pripremljena za tu namenu

UVODNA NAPOMENA

Preradom ozraenog nuklearnog goriva odvaja se plutonijum i uranijum od
visokoradioaktivnih fisionih produkata i drugih transuranijumskih elemenata.
Ovo odvajanje se moze postiéi razliCitim tehni¢kim postupcima. Medutim, veé
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godinama Purex (eng. plutonium uranium redox extraction) je najCeSce
koriS¢en i prihvacen postupak. Purex obuhvata rastvaranje ozracenog
nuklearnog goriva u azotnoj kiselini, nakon &ega sledi razdvajanje uranijuma,
plutonijuma i fisionih produkata pomocu selektivhe ekstrakcije rastvaraca,
koriS¢enjem mesSavine tributil fosfata u organskom razredivacu.

Purex postrojenja imaju medusobno sliche procesne funkcije, uklju€ujuéi:
rezanje ozraCenog gorivnhog elementa, rastvaranje goriva, ekstrakciju
rastvaraCa i postupak skladistenja te€nosti. Takode mogu imati opremu za
termiCku denitraciju uranijum nitrata, konverziju plutonijum nitrata u oksid ili
metal i obradu otpadnih te€nosti sa fisionim produktima u oblik pogodan za
dugotrajno skladistenje ili odlaganje. Medutim, specifi€an tip i oblik opreme za
izvodenje tih operacija moze se razlikovati kod razli€itih Purex postrojenja iz
nekoliko razloga, ukljuéujuéi tip i koli¢inu ozracenog nuklearnog goriva za
ponovnu preradu i namenu ovako dobijenih materijala i filozofiju sigurnosti i
odrzavanja ugradenu u projekat postrojenja.

.Postrojenje za preradu ozragenih gorivnih elemenata” obuhvata opremu i
komponente koje obi¢no dolaze u direktan kontakt sa ozraenim gorivom i
direktno kontroliSu ozraceno gorivo i procesne tokove nuklearnog materijala i
fisionih produkata.

Ovi procesi, ukljuéujuéi kompletne sisteme za konverziju plutonijuma i
proizvodnju metala plutonijuma, mogu biti odredeni merama preduzetim kako
bi se izbegla kriticnost (npr. putem geometrije), izloZzenosti zracenju (npr.
putem zastite od zragenja) i toksi¢nost (npr. lokalizacijom).

Delovi opreme za koje se podrazumeva da su obuhvaéene znacenjem izraz ,i

oprema posebno projektovana ili pripremljena” za preradu ozracenih gorivnih
elemenata obuhvataju sledece:

Masine za rezanje ozracenih gorivnih elemenata
UVODNA NAPOMENA

Ova oprema probija koSuljicu goriva kako bi se ozraCeni nuklearni materijal
podvrgao rastvaranju. NajceSée se koriste posebno dizajnirane velike makaze
za seCenje metala, iako se moze koristiti i savremena oprema, kao sto je laser.

Daljinski upravljana oprema posebno projektovana ili pripremljena za upotrebu
u gore navedenom postrojenju za preradu, a hamenjena je za se€enje, rezanje
ili seckanje ozracenih nuklearnih gorivnih sklopova, snopova ili Sipki.

Posude za rastvaranje
UVODNA NAPOMENA

Posude za rastvaranje obi¢no primaju usitnjeno istroSeno gorivo. U tim
posudama sigurnim u pogledu kriti€nosti ozraCeni nuklearni materijal se
rastvara u azotnoj kiselini, a preostale ljuske se odstranjuju iz procesnog toka.

Rezervoari sigurni u pogledu kriti€nosti (npr. rezervoari malog precnika,
prstenasti ili plo¢asti) koji su posebno projektovani ili pripremljeni za upotrebu
u postrojenju za preradu, kako je gore navedeno, namenjeni za rastvaranje
ozra¢enog nuklearnog goriva, koji su u stanju da izdrze tople, visokokorozivne
te€nosti, a koji se mogu puniti i odrzavati daljinskom kontrolom.

Ekstraktori sa rastvara¢ima i oprema za ekstrakciju rastvaraé¢ima
UVODNA NAPOMENA

Ekstraktori sa rastvaraCima primaju i rastvor ozra¢enog goriva iz posuda za
rastvaranje i organski rastvor koji razdvaja uranijum, plutonijum i fisione
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produkte. Oprema za ekstrakciju rastvaracima se obi¢no projektuje tako da
ispunjava stroge radne parametre, kao 3to je dug radni vek bez zahteva za
odrzavanjem ili pogodnost za jednostavnu zamenu, jednostavnost rada i
kontrole, te fleksibilnost na promene uslova procesa.

Posebno projektovani ili pripremljeni ekstraktori sa rastvaraima, kao $to su
punjene ili pulsiraju¢e kolone, taloZne mesSalice ili centrifugalni kontaktori za
upotrebu u postrojenju za preradu ozraenog goriva. Ekstraktori sa
rastvaradima moraju biti otporni na korozivho dejstvo azotne kiseline.
Ekstraktori sa rastvaraCima su obino napravljeni po izuzetno visokim
standardima (uklju€ujuéi posebne tehnike zavarivanja i inspekcije, osiguranja
kvaliteta i kontrole kvaliteta), od nerdajuceg c&elika sa niskim sadrzajem
ugljenika, titanijuma, cirkonijuma ili nekog drugog visokokvalitetnog materijala.

Sudovi za drzanje ili skladiStenje hemikalija
UVODNA NAPOMENA

Kao rezultat faze ekstrakcije rastvaraima nastaju tri glavna procesna te¢na
toka. Sudovi za drZanje ili skladidtenje se koriste u daljoj preradi sva tri toka na
sledeci nacin:

(a) Cisti rastvor uranijumovog nitrata se koncentruje isparavanjem i prelazi u

proces denitracije gde se pretvara u uranijum oksid. Taj oksid se ponovo
koristi u nuklearnom gorivnom ciklusu.

(b) Rastvor visoko radioaktivnih fisionih produkata obiCno se koncentruje
isparavanjem i skladisti kao te¢ni koncentrat. Ovaj koncentrat se moze
kasnije isparavati i konvertovati u oblik prikladan za skladiStenje ili
odlaganje.

(v) Cisti rastvor plutonijum nitrata se koncentruje i skladisti do njegovog
prenosa u dalje procesne faze. Sudovi za drzanje ili skladistenje rastvora
plutonijuma su narocito projektovani kako bi se izbegli problemi kritiCnosti
koji su posledica promene u koncentraciji i obliku ovog toka.

Posebno projektovani ili pripremljeni sudovi za drzanje ili skladistenje i
koriS¢enje u postrojenju za preradu ozraCenog goriva. Sudovi za drzanje ili
skladistenje moraju biti otporni na korozivno dejstvo azotne kiseline. Sudovi za
drzanje ili skladistenje se obi¢no izraduju od materijala kao $to je nerdajuci
Celik sa niskim sadrzajem ugljenika, titanijum ili cirkonijum ili drugi visoko
kvalitetni materijali. Sudovi za drzanje ili skladiStenje mogu biti projektovani za
daljinsko upravljanje i odrzavanje i mogu imati sledeée karakteristike za
kontrolu nuklearne kritiCnosti:

(1) zidove ili unutrasnje konstrukcije sa bor-ekvivalentom od najmanje dva
procenta, ili

(2) maksimalni pre¢nik od 175 mm (17 in) za cilindriéne sudove, ili
(3) maksimalnu Sirinu od 75 mm (3 in) za plocasti ili prstenasti sud.
Sistem za konverziju plutonijum nitrata u oksid

UVODNA NAPOMENA

U vecini postrojenja za preradu, ovaj zavrdni proces obuhvata konverziju
rastvora plutonijum nitrata u plutonijum dioksid. Glavne funkcije u ovom
procesu su: skladiStenje i podeSavanje materijala za napajanje procesa,
talozenje i separacija Cvrste/teCne faze, kalcinacija, rukovanje proizvodom,
provetravanje, upravljanje otpadom i kontrola procesa.

Kompletni sistemi, posebno projektovani ili pripremlieni za konverziju
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plutonijum nitrata u plutonijum oksid, posebno prilagodeni tako da se izbegne
kritiCnost i efekti zraCenja, a opasnost od toksiCnosti svede na najmanju meru.

Sistem za proizvodnju metala plutonijuma iz plutonijum oksida
UVODNA NAPOMENA

Ovaj proces, koji bi mogao biti povezan sa postrojenjem za preradu, obuhvata
fluorovanje plutonijum dioksida, obi¢no sa visoko korozivnim fluorovodonikom,
zbog proizvodnje plutonijum fluorida koji se kasnije redukuje pomocu metala
kalcijuma visoke CistoCe za proizvodnju metalnog plutonijuma i Sljake kalcijum
fluorida. Glavne funkcije obuhvacene ovim procesom su: fluorovanje (npr.
ukljuCuje opremu proizvedenu ili oblozenu plemenitim metalom), redukcija
metala (npr. koriséenjem keramickih tiglova), regeneracija Sljake, rukovanje
proizvodom, provetravanje, upravljanje otpadom i kontrola procesa.

Kompletni sistemi, posebno projektovani ili pripremljeni za proizvodnju metala
plutonijuma, narocito prilagodeni kako bi se izbegla kriti€nost i efekti zracenja,
a opasnosti od toksi¢nosti svele na najmanju meru.

Postrojenja za proizvodnju gorivnih elemenata
.Postrojenje za proizvodnju gorivnih elemenata” obuhvata opremu:

(@) koja obi¢no dolazi u direktan dodir sa proizvodnim tokom nuklearnog
materijala ili ga direktno preraduje ili kontrolise, ili

(b) koja zaptiva nuklearni materijal unutar koSuljice.

Postrojenja za separaciju izotopa uranijuma i oprema, osim analiti€kih

instrumenata, posebno projektovana ili pripremljena u tu svrhu

5.1.

Stavke opreme koje se smatraju obuhvaéenim znalenjem izraza ,oprema,
osim analitiCkih instrumenata, posebno projektovana ili izradena” za separaciju
izotopa uranijuma su:

Gasnhe centrifuge i sklopovi i komponente posebno projektovane ili

pripremljene za upotrebu u gasnim centrifugama

5.1.1.

UVODNA NAPOMENA

Gasna centrifuga se obi¢no sastoji od cilindra (cilindara) sa tankim zidovima
pre¢nika izmedu 75 mm (3 in) i 400 mm (16 in) koji se nalazi u vakuumu i
okrec¢e velikom perifernom brzinom od 300 m/s ili ve¢om oko svoje centralne
vertikalne ose. Da bi se postigla velika brzina, materijali za izradu rotacionih
komponenata moraju biti visokog odnosa Cvrstoce i gustine, a rotorski sklop,
pa stoga i njegove pojedinacne komponente, moraju biti izradeni sa veoma
malim tolerancijama kako bi se neravnoteza svela na minimum. Za razliku od
drugih centrifuga, kod gasnih centrifuga za obogacivanje uranijuma
karakteristi¢no je to da u komori rotora postoji rotiraju¢a pregrada (ili viSe njih)
u obliku diska, a raspored stacionarnih cevi za dovod i ekstrakciju gasa UFs,
sa najmanje 3 zasebna kanala, od kojih su 2 povezana sa lopaticama koje se
protezu od osovine rotora prema obodu komore rotora. U vakuumskoj sredini
se takode nalazi odredeni broj kriticnih elemenata koji se ne okrecu i koje, iako
su posebno projektovani, nije teSko izraditi niti se izraduju od unikatnih
materijala. Medutim, postrojenje centrifuge zahteva veliki broj tih komponenata
tako da koli¢ine mogu pruziti vaznu naznaku krajnje upotrebe.

Rotiraju¢e komponente
(a) Kompletni sklopovi rotora:
Cilindri tankih zidova ili nekoliko medusobno povezanih cilindara tankih zidova,
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izradenih od jednog ili viSe materijala visokog odnosa ¢vrsto¢e i gustine
opisanih u OBJASNJENjU iz ovog odelika. Ako se medusobno povezuju,
cilindri se spajaju pomocu fleksibilnih mehova ili prstenova, kako je opisano u
slede¢em odeljku 5.1.1.(v). Rotor je opremljen unutrasnjom pregradom (ili viSe
njih) i poklopcima, kako je opisano u slede¢em odeljku 5.1.1.(g) i (d), ako je u
konacnom obliku. Medutim, kompletan sklop se mozZe isporuciti samo kao
delimi¢no montiran.

(b) Rotorske cevi:

Posebno projektovani ili pripremljeni cilindri tankih zidova debljine 12 mm (0.5
in) ili manje, pre€nika izmedu 75 mm (13 in) i 400 mm (16 in), proizvedeni od
jednog ili vise materijala visokog odnosa CvrstoCe i gustine, koji su opisani u
OBJASN|EN;jU iz ovog odeljka.

(v) Prstenovi ili mehovi:

Komponente posebno projektovane ili pripremljene tako da stvore lokalni
oslonac za rotorsku cev ili da povezuju viSe rotorskih cevi. Meh je kratki
cilindar debljine zida 3 mm (0.12 in) ili manje, pre¢nika izmedu 75 mm (3 in) i
400 mm (16 in), koji ima nabore, a izraden je od materijala visokog odnosa
gvrstoée i gustine, koji su opisani u OBJASN]EN]U iz ovog odeljka.

(g) Pregrade:

Komponente u obliku diska pre¢nika izmedu 75 mm (3 in) i 400 mm (16 in),
posebno projektovane ili pripremliene za ugradnju unutar rotorske cevi
centrifuge, kako bi se izolovala odvodna komora od glavne separacione
komore, kao i da u nekim slu¢ajevima pomogne cirkulaciju gasa UFg unutar
glavne separacione komore rotorske cevi, izradene od materijala viskog
odnosa &vrstoce i gustine, kako je opisano u OBJASNEN]U iz ovog odeljka.

(d) Gorniji poklopci/doniji poklopci:

Komponente u obliku diska pre¢nika izmedu 75 mm (3 in) i 400 mm (16 in),
posebno projektovane ili pripremljene da nalezu na krajeve rotorske cevi i tako
zadrzavaju UFg unutar rotorske cevi, kao i da u nekim slu€ajevima podupru,
zadrze ili sadrze kao sastavni deo element gornjeg lezaja (gornji poklopac), ili
nose rotiraju¢e elemente motora i doniji lezaj (donji poklopac), a izradene su od
materijala visokog odnosa &vrstoce i gustine koji su opisani u OBJASNJEN;jU
iz ovog odeljka.

OBJASNIENE

Materijali koji se koriste za rotiraju¢e komponente cenrifuge su:

(@) marendzing &elik zatezne &vrstoée od 2.05 x 10° N/m? (300.000 psi) ili
vise;

(b) legure aluminijuma zatezne &vrstoée od 0.46 x 10° N/m? (67.000 psi) ili
vise;

(v) vlaknasti materijali pogodni za upotrebu u kompozitnim strukturama, koji
imaju specifiéni modul od 12.3 x 10° m ili veéi i specifiénu zateznu
gvrstoéu od 0.3 x 10° m ili veéu (,specifieni modul" je Jangov modul u
N/m? podelien sa specificnom tezinom u N/m® ,specifitna zatezna

gvrstoéa“ je zatezna évrstoéa u N/m? podeljena sa specifiSnom tezinom u
N/m®).

Staticke komponente

(a) Magnetni viseci lezajevi:
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Posebno projektovani ili pripremljeni sklopovi leZzajeva koji se sastoje od
prstenastog magneta obeSenog u kucistu koje sadrzi amortizuju¢i medijum.
Kuciste c¢e biti izradeno od materijala otpornog na koroziju izazvanu
delovanjem UFg (videti OBJASNJENJE tacke 5.2). Magnet je spregnut sa
magnetnim polom ili drugim magnetom postavljenim na gornji poklopac rotora,
kako je opisano u odeljku 5.1.1.(d). Magnet mozZze biti u obliku prstena, a odnos
spoljasnjeg i unutrasnjeg precnika je maniji ili jednak 1,6:1. Magnet moZze biti
takvog oblika da je poCetna permeabilnost 0.15 H/m (120.000 CGS jedinica) ili
veca, zaostala magnetizacija 98.5% ili viSe, ili energetski proizvod veci od 80
kJ/m® (10" gaus—ersteda). Osim uobiéajenih svojstava materijala, preduslov je
da se odstupanje magnetnih osa od geometrijskih osa ograni¢i na veoma male
tolerancije (manje od 0.1 mm ili 0.004 in) ili da se posebno zahteva
homogenost materijala magneta.

(b) LeZzajevilamortizeri

Posebno projektovani ili pripremljeni lezajevi koji imaju zglobno obrtni sklop sa
¢asom, montiran na amortizeru. Zglob je obi¢no osovina od kaljenog ¢elika sa
poluloptom na jednom kraju i pri¢vrséenjem na donjem poklopcu, na drugom
kraju, kako je opisano u odeljku 5.1.1.(d). Medutim, osovina moZzZe imati
priévrééen hidrodinamicki lezaj. Casa je u obliku kuglice sa poluloptastim
udubljenjem na jednoj strani. Ove komponente se Cesto isporuuju odvojeno
od amortizera.

(v) Molekularne pumpe:

Posebno projektovani ili pripremljeni cilindri koji imaju unutrasnje masinski
obradene ili ekstrudirane spiralne zlebove i unutradnje masinski obradene
provrte. Tipine dimenzije su sledece: unutrasnji pre¢nik od 75 mm (3 in) do
400 mm (16 in), debljina zida 10 mm (0.4 in) ili vie, duzine jednake ili ve¢e od
preénika. Zlebovi su obiéno pravougaonog preseka i duboki 2 mm (0.08 in) ili
vie.

(g) Statori motora

Posebno projektovani ili pripremljeni statori prstenastog oblika za visefazne AS
histerezisne (ili reluktansne) elektromotore naizmeni¢ne struje za sinhroni rad
u vakuumu u frekventnom opsegu od 600-2000 Hz i opsegu snage od 50-1000
VA. Statori se sastoje od visefaznih namotaja na slojevitom gvozdenom jezgru
malih gubitaka, uradenom od tankih slojeva uobi¢ajene debljine 2.0 mm (0.08
in) ili manje.

(d) Kuciste centrifuge/lezista

Komponente posebno projektovane ili pripremljene za ugradnju sklopa
rotorskih cevi gasne centrifuge. Kuciste se sastoji od krutog cilindra debljine
zida do 30 mm (1.2 in) sa precizno maSinski obradenim krajevima za smestaj
lezajeva i sa jednom ili viSe prirubnica za montazu. Masinski obradeni krajevi
su medusobno paralelni, a upravni u odnosu na uzduznu osu cilindra pod
uglom od 0.05 stepeni ili manje. Kuciste moze takode biti strukture saca za
smestaj nekoliko rotorskih cevi. Kucista su izradena od materijala otpornih na
korozivno dejstvo UFg ili su zasti¢ena takvim materijalima.

(d) Lopatice

Posebno projektovane ili pripremljene cevi unutraSnjeg prec¢nika do 12 mm
(0.5 in) za izdvajanje gasa UF; iz rotorske cevi na principu Pitoove cevi (to jest
sa otvorom prema perifernom toku gasa unutar rotorske cevi, na primer,
savijanjem kraja radijalno postavljene cevi) koje je moguce pricvrstiti na
centralni sistem za ekstrakciju gasa. Cevi su izradene od materijala otpornih



5.2.

59

na korozivno dejstvo UFs ili su zasticene takvim materijalima.
Posebno projektovani ili pripremljeni pomoéni sistemi, oprema i

komponente za postrojenja za obogacivanje pomocéu gasnih centrifuga

5.2.1.

5.2.2.

5.2.3.

UVODNA NAPOMENA

Pomoc¢ni sistemi, oprema i komponente za postrojenja za obogacivanje
pomocu gashih centrifuga su sistemi postrojenja za napajanje centrifuga UFsg,
za medusobno povezivanje pojedinac¢nih centrifuga tako da se formiraju
kaskade (ili faze) koji omogucéavaju postepeno sve vece obogacivanje, kao i za
izdvajanje ,proizvoda” i ,ostataka” UFs iz centrifuga, zajedno sa opremom
potrebnom za pogon centrifuga ili kontrolu postrojenja.

UF¢ se obi¢no isparava iz ¢vrstog stanja zagrevanjem u autoklavima i odvodi u
gasovitom obliku u centrifuge preko kaskadnog kolektorskog cevovoda.
.Proizvod” i ,ostaci” gasnih tokova UFs, koji izlaze iz centrifuga, takode se Salju
kaskadnim kolektorskim cevovodom u hladne trapove (koji rade na oko 203 K
(-70°C)), gde se kondenzuju pre daljeg prenosa u odgovaraju¢e kontejnere za
transport ili skladiStenje. Posto se postrojenje za obogacivanje sastoji od viSe
hijada centrifuga poredanih u kaskade, postoje kilometri kaskadnih
kolektorskih cevovoda, povezanih pomocéu viSe hiljada varova sa znatnim
ponavljanjem rasporeda. Oprema, komponente i cevovodni sistemi proizvode
se u skladu sa veoma zahtevnim standardima koji se odnose na vakuum i
CistoCu.

Sistemi za napajanje/sistemi za odvodenje proizvoda i ostataka

Posebno projektovani ili pripremljeni procesni sistemi obuhvataju sledece:

Napojne autoklave (ili stanice), koje se koriste za uvodenje UFs; u kaskade
centrifuga pri pritisku do 100 kPa (15 psi) i brzini od 1 kg/h ili viSe;

Desublimatore (ili hladne trapove) za uklanjanje UF¢ iz kaskada pri pritisku do
3 kPa (0.5 psi). Desublimatori se mogu ohladiti do temperature od 203 K (-
70°C) i zagrejati do 343 K (70°C);

Stanice za ,proizvod” i ,ostatke” za prebacivanje UFs u kontejnere.

Ovo postrojenje, oprema i cevovod su kompletno napravljeni od materijala
otpornih na korozivno dejstvo UFy ili su oblozeni njima (videti OBJASNJENjE u
ovom odeljku) i proizvedeni u skladu sa veoma strogim standarima za vakuum
i CistoCu.

Masinski kolektorsko-cevovodni sistemi

Posebno projektovani ili pripremljeni cevovodni sistemi i kolektorski sistemi za
rukovanje sa UFg unutar kaskada centrifuge. Cevovodna mreza je obi¢no sa
Jrostrukim” kolektorskim sistemom, tako da je svaka centrifuga povezana sa
svakim kolektorom. Taj raspored se u znatnoj meri ponavilja. U celosti su
izradeni od materijala otpornih na UFg (videti OBJASN]ENjE u ovom odeljku) i
proizvedeni u skladu sa veoma strogim standardima za vakuum i Cistocu.

UFs maseni spektrometri/jonski izvori

Posebno projektovani ili pripremljeni magnetni ili kvadrupolni maseni
spektrometri za onlajn uzimanje uzoraka iz napojnog fluida, proizvoda ili
ostataka iz tokova gasa UFg, koji imaju sve sledece osobine:

1. jedini¢nu rezoluciju za atomsku masu vecu od 320;

2. jonske izvore napravljene od nihroma ili monela ili su obloZeni tim
materijalima ili niklovani;
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3. izvore za jonizaciju na bazi bombardovanja elektronima;
4. Kkolektorske sisteme pogodne za analizu izotopa.
Uredaji za promenu frekvencije

Uredaji za promenu frekvencije (takode poznati kao konvertori ili invertori)
posebno projektovani ili pripremljeni za napajanje statora motora kako je
definisano u 5.1.2.(g) ili delovi, komponente i podsklopovi takvih uredaja za
promenu frekvencije koji imaju sve sledece karakteristike:

1. viSefazniizlaz od 600 do 2000 Hz;

2. visoku stabilnost (sa kontrolom frekvencije boljom od 0.1%);
3. niskoharmonijsko izobli€enje (manje od 2%); i

4. efikasnost veéu od 80%.

OBJASNIENJE

Gore navedene stavke dolaze u direktan kontakt sa procesnim gasom UFs ili
direktno kontroliSu centrifuge i prolaz gasa iz centrifuge u centrifugu i iz
kaskade u kaskadu.

Materijali otporni na korozivho dejstvo UFs su nerdajuci Celik, aluminijum,
legure aluminijuma, nikl ili legure koje sadrze 60% ili viSe nikla.

Posebno projektovani ili pripremljeni sklopovi i komponente za upotrebu

u procesu obogaéivanja gasnom difuzijom

5.3.1.

5.3.2.

UVODNA NAPOMENA

Kod metode separacije izotopa uranijuma gasnom difuzijom, glavni tehnoloski
sklop je specijalna porozna pregrada za gasnu difuziju, izmenjiva€ toplote za
hladenje gasa (koji se zagreva postupkom kompresije), zaptivni ventili i
kontrolni ventili i cevovodi. Buduci da tehnologija gasne difuzije koristi uranijum
heksafluorid (UFg), sve povrSine opreme, cevovoda i instrumentacije (koje
dolaze u kontakt sa gasom) moraju biti napravljene od materijala koji ostaju
stabilni u dodiru sa UFe. Postrojenje za gasnu difuziju zahteva veliki broj ovih
sklopova, tako da koli€¢ine mogu biti znacajan pokazatelj krajnje upotrebe.

Pregrade za gasnu difuziju

(@) Posebno projektovani ili pripremljeni tanki porozni filteri, veli€ine pora 100-
1.000 A (angstrema), debljine 5 mm (0.2 in) ili manje, a za cevaste oblike,
pre¢nika 25 mm (1 in) ili manji, napravljeni od metalnih, polimernih ili
keramickih materijala otpornih na koroziju izazvanu delovanjem UFsg, i

(b) posebno pripremljena jedinjenja ili prahovi za proizvodnju takvih filtera.
Takva jedinjenja i prahovi obuhvataju nikl ili legure koje sadrze 60 % ili
viSe nikla, aluminijum oksid ili potpuno fluorovane ugljovodoni¢ne
polimere otporne na UFe, koji imaju Gistoéu 99.9 % ili vecu, veli€inu
Cestica manju od 10 mikrona i visok stepen ujednacenosti veli€ine Cestica,
koji su posebno pripremljeni za izradu pregrada za gasnu difuziju.

Ku¢ista za gasne difuzore

Posebno projektovani ili pripremljeni zaptiveni cilindri¢ni sudovi pre¢nika veceg
od 300 mm (12 in) i duzine vece od 900 mm (35 in) ili pravougaoni sudovi
uporedivih dimenzija, koji imaju jedan ulazni i dva izlazna prikljuCka precnika
veceg od 50 mm (2 in), za ugradnju pregrade za gasnu difuziju, napravljeni od
materijala otpornih na UFg ili obloZeni tim materijalima, i projektovani za
horizontalnu ili vertikalnu ugradnju.
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Kompresori i gasne duvaljke

Posebno projektovani i pripremljeni aksijalni, radijalni (centrifugalni) ili
zapreminski (Klipni, obrtno-krilni, zup&asti, zavojni, membranski) kompresori, ili
gasne duvalike sa kapacitetom usisavanja (protokom) UFs od 1 m*/min ili
vecim, potisnim pritiskom do nekoliko stotina kPa (100 psi), konstruisani za
dugotrajni rad u UFg okruzZenju, sa ili bez elektromotora odgovaraju¢e snage,
kao i posebni delovi takvin kompresora i gasnih duvaljki. Ovi kompresori i
duvaljke imaju stepen sabijanja izmedu 2:1 i 6:1 i napravljeni su od materijala,
ili obloZeni (presvuleni) materijalima, otpornim na koroziju izazvanu
delovanjem UFs.

Zaptivke za rotiraju¢e osovine

Posebno projektovane ili pripremljene vakuumske zaptivke, sa priklju¢cima za
napajanje i ispustanje zaptivki, za zaptivanje osovine koja povezuje rotor
kompresora ili gasne duvaljke sa pogonskim motorom, tako da se obezbedi
pouzdano zaptivanje protiv ulaska vazduha u unutrasnju komoru kompresora
ili gasne duvaljke napunjene gasom UFs. Takve zaptivke su obi¢no
projektovane za koliginu ulaska zastitnog gasa manju od 1000 cm®min (60
in®/min).

Izmenjivagéi toplote za hladenje UFg

Posebno projektovani ili pripremljeni izmenjivaci toplote napravljeni od
materijala otpornih na korozivno dejstvo UF; ili oblozeni tim materijalima (osim
nerdajuceg Celika) ili bakrom ili bilo kojom kombinacijom tih metala, a
namenjeni za vrednost promene pritiska kod curenja od najmanje 10 Pa
(0.0015 psi) na sat pri razlici pritiska od 100 kPa (15 psi).

Posebno projektovani ili pripremljeni pomoéni sistemi, oprema i

komponente za upotrebu u procesu obogaéivanja gasnom difuzijom

UVODNA NAPOMENA

Pomoc¢ni sistemi, oprema i komponente u postrojenjima za obogaéivanje
gasnom difuzijom su sistemi postrojenja koji su potrebni za dovod UFs do
gashog difuzionog sklopa, povezivanje pojedinacnih sklopova u kaskade (ili
faze) koje omogucéavaju postepeno veée obogacivanje i izdvajanje ,proizvoda”
i ,ostataka” UFs, iz difuzionih kaskada. Zbog velikih inercijalnih svojstava
difuzionih kaskada, bilo kakav prekid njihovog rada, a posebno zaustavljanije,
dovodi do ozbiljnih posledica. Prema tome, strogo i stalno odrzavanje
vakuuma u svim tehnoloSkim sistemima, automatska zastita od akcidenata i
precizna automatska regulacija gasnog protoka je od znacaja u postrojenju za
gasnu difuziju. Sve to iziskuje potrebu za opremanjem postrojenja velikim
brojem mernih, regulacionih i kontrolnih sistema.

Gas UFs se obi¢no isparava iz cilindara koji su smesteni u autoklavima i
distribuira u gasnom obliku do ulaza pomoéu kaskadnog kolektorskog
cevovoda. ,Proizvod” i ,ostaci” gasnih tokova UFs odvode se od izlaza pomoéu
kaskadnog kolektorskog cevovoda do hladnih trapova ili do kompresionih
stanica gde se gas UF; pretvara u te€no stanje pre upucivanja u odgovarajuce
kontejnere za transport ili skladiStenje. Posto se postrojenje za obogacivanje
gasnom difuzijom sastoji od velikog broja sklopova za gasnu difuziju poredanih
u kaskade, postoje kilometri kaskadnog kolektorskog cevovoda, uklju€ujuéi
hiljade varova i veliki broj ponavljanja rasporeda. Oprema, komponente i
cevovodni sistemi su izradeni u skladu sa veoma visokim standardima za
vakuum i CistocCu.
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Sistemi za napajanje/sistemi za odvodenje proizvoda i ostatka

Posebno projektovani ili pripremljeni procesni sistemi, koji mogu da rade pod
pritiskom od 300 kPa (45 psi) ili manjim, ukljuCujuci:

napojne autoklave (ili sisteme), koji se koriste za uvodenje UFs u kaskade za
gasnu difuziju;

desublimatore (ili hladne trapove) koji se koriste za odstranjivanje UFs iz
kaskada za difuziju;

stanice za uteCnjavanje gde se gas UF iz kaskade komprimuje i hladi da se
dobije te€ni UFg;

stanice za ,proizvod” ili ,ostatke” koje se koriste za prebacivanje UFs u
kontejnere.

Kolektorsko-cevovodni sistemi

Posebno projektovani ili pripremljeni cevovodni sistemi i kolektorski sistemi za
rukovanje UFgs gasom u kaskadama za gasnu difuziju. Ova cevovodna mreza
je obiéno sa ,dvostrukim” kolektorskim sistemom gde je svaka Celija povezana
sa svakim od kolektora.

Vakuumski sistemi

(@) Posebno projektovani ili pripremljeni veliki vakuumski (viSekanalni)
priklju€ci, uredaji (sistemi) i pumpe koji imaju kapacitet usisavanja 5
m3/min (175 ft/min) ili vise.

(b) Vakuum pumpe posebno projektovane za rad u UFg okruzenju
napravljene ili oblozene (presvucene) aluminijumom, niklom ili legurama
koje imaju vise od 60% nikla. Te pumpe mogu biti ili obrtno klipne (i/ili
obrtno krilne) ili klipne (i/ili aksijalno klipne), mogu imati prilagodene
(namenske, specijalno uradene) i fluorougljeniéne zaptivke, kao i posebne
radne fluide.

Specijalni zaustavni i regulacioni ventili

Posebno projektovani ili pripremljeni ruéni ili automatski zaustavni ili
regulacioni ventili sa mehovima napravljeni od materijala otpornih na UFg
pre¢nika od 40 do 1500 mm (1.5 do 59 in) za ugradnju u glavne i pomo¢ne
sisteme postrojenja za obogacivanje gasnom difuzijom.

UFs maseni spektrometri/jonski izvori

Posebno projektovani ili pripremljeni magnetni kvadrupolni maseni
spektrometri za onlajn uzimanje uzoraka napojnog fluida, proizvoda ili ostataka
iz gasnih tokova UFg, a koji poseduju sve sledece karakteristike:

1. jediniénu rezoluciju za atomsku masu vecu od 320;

2. jonske izvore izradene od nihroma ili monela ili oblozene tim materijalima
ili niklovane;

3. izvore za jonizaciju na bazi bombardovanja elektronima;
4. Kkolektorski sistem pogodan za analizu izotopa.
OBJASNIENJE

Navedene stavke dolaze u direktan kontakt sa procesnim gasom UFg ili
direktno kontroliSu protok unutar kaskada. Sve povrSine koje dolaze u kontakt
sa procesnim gasom su u potpunosti izradene od materijala otpornih na UFs ili
su obloZene tim materijalima. U smislu odeljaka koji se odnose na stavke za
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gasnu difuziju, materijali otporni na koroziju izazvanu delovanjem UFg
obuhvataju nerdajuci €elik, aluminijum, legure aluminijuma, aluminijum oksid,
nikl ili legure koje sadrze 60% ili vide nikla i potpuno fluorovane ugljovodoni¢ne
polimere otporne na UFs.

Posebno projektovani ili pripremljeni sistemi, oprema i komponente za

upotrebu u postrojenjima za aerodinami¢ko obogacivanje

5.5.1.

5.2.2.

5.5.3.

UVODNA NAPOMENA

U procesima aerodinamic¢kog obogacivanja, smesa gasovitog UFg i lakog gasa
(vodonik ili helijum) komprimuje se i zatim upucuje kroz separacione elemente
u kojima se separacija izotopa postiZze jakim centrifugalnim silama koje se
stvaraju duz zakrivljenih zidova. Uspedno su razvijena dva ovakva procesa:
postupak pomoc¢u separacionih mlaznica i postupak sa vrtloZznim cevima. Za
oba postupka, glavne komponente faze separacije su cilindri¢ni sudovi u
kojima se nalaze posebni elementi za separaciju (mlaznice ili vrtlozne cevi),
gasni kompresori i izmenjivaCi toplote za uklanjanje toplote kompresije.
Aerodinamicko postrojenje zahteva viSe takvih faza, tako da koli¢ina moze biti
znacCajan pokazatelj krajnje upotrebe. PoSto aerodinamicki postupci koriste
UFe, sve povrsine opreme, cevovoda i instrumentacije (koje dolaze u dodir sa
gasom) moraju biti napravljene od materijala koji ostaju stabilni u kontaktu sa
UFs.

OBJASNENJE

Stavke navedene u ovom odeliku dolaze u direktan kontakt sa procesnim
gasom UFg ili direktno kontroliSu protok unutar kaskada. Sve povrSine koje
dolaze u kontakt sa procesnim gasom su u potpunosti izradene od materijala
otpornih na UFg ili su zasti¢ene tim materijalima. U smislu odeljka koji se
odnosi na stavke aerodinamic¢kog obogacivanja, materijali otporni na koroziju
izazvanu delovanjem UFg obuhvataju bakar, nerdajuéi ¢elik, aluminijum, legure
aluminijuma, nikl ili legure koje sadrze 60% ili vise nikla i potpuno fluorovane
ugljovodoni¢ne polimere otporne na UFs.

Separacione mlaznice

Posebno projektovane ili pripremljene separacione mlaznice i njihovi sklopovi.
Separacione mlaznice se sastoje od zakrivljenih kanala sa uskim prorezom,
Ciji je radijus krivine manji od 1 mm (obi¢no 0.1 do 0.05 mm), otporne na
koroziju od UFg i imaju ostre ivice u mlaznici koja deli tok gasa koji kroz nju

teCe u dve struje.
Vrtlozne cevi

Posebno projektovane ili pripremljene vrtlozne cevi i njihovi sklopovi. Vrtlozne
cevi su cilindriéne ili konusne, napravljene od materijala otpornih na koroziju
izazvanu delovanjem UF; ili su zasticene tim materijalima, imaju pre¢nik od 0.5
cm do 4 cm, a odnos duzine prema precniku je 20:1 ili manje, sa jednim ili vise
tangencijalnih ulaza. Cevi mogu biti opremljene dodacima tipa mlaznice, na
jednom ili na oba kraja.

OBJASNIENJE

Napojni gas ulazi u vrtloznu cev tangencijalno na jednom kraju ili kroz vrtlozne
lopatice ili na brojnim mestima tangencijalno duz oboda cevi.

Kompresori i gasne duvaljke

Posebno projektovani ili pripremljeni aksijalni, centrifugalni ili volumetrijski
kompresori ili gasne duvalike napravljeni od materijala otpornih na koroziju
izazvanu delovanjem UFg ili zasticeni tim materijalima, usisnog zapreminskog
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kapaciteta od 2 m%min ili viSe za me$avinu UFe¢/noseé¢i gas (vodonik ili
helijum).

OBJASNENJE

Ovi kompresori i gasne duvalike obi¢no imaju odnos pritiska izmedu 1.2:1 i
6:1.

Zaptivke za rotorajuée osovine

Posebno projektovane ili pripremljene zaptivke za rotirajuée osovine, sa
priklju€cima za napajanje i ispustanje zaptivki, za zaptivanje osovine koja
povezuje rotor kompresora ili gasne duvaljke sa pogonskim motorom, kako bi
se obezbedilo pouzdano zaptivanje protiv curenja procesnog gasa ili ulaska
vazduha u unutradnju komoru kompresora ili gasne duvaljke napunjene
smesSom UFg/nosedi gas.

Izmenjivagéi toplote za hladenje gasa

Posebno projektovani ili pripremljeni izmenjivaci toplote napravljeni od
materijala otpornih na UFg ili zastiéeni tim materijalima.

Kuéista elemenata za separaciju

Posebno projektovana ili pripremljena kuéista elemenata za separaciju,
napravljena od materijala otpornih na koroziju izazvanu delovanjem UFg ili
zastiCena tim materijalima, za smeStanje vrtloZznih cevi ili separacionih
mlaznica.

OBJASNIJENJE

Ova kucista mogu biti cilindri€ni sudovi pre¢nika veceg od 300 mm i duzine
vec¢e od 900 mm ili mogu biti pravougaoni sudovi uporedivih dimenzija, a
mogu biti projektovani za horizontalnu ili vertikalnu ugradnju.

Napojni sistemi/sistemi za odvodenje proizvoda i ostataka

Posebno projektovani ili pripremljeni procesni sistemi ili oprema za postrojenja

za obogacivanje napravljeni od materijala otpornih na koroziju izazvanu

delovanjem UFy ili zasticeni tim materijalima, uklju€ujudi:

(@) napojne autoklave, peci ili sisteme koji se koriste za upucivanje UFs u
proces obogadivanja;

(b) desublimatore (ili hladne trapove) koji se koriste za odstranjivanje UFg iz
procesa obogacivanija radi sledec¢eg prenosa nakon zagrevanja;

(v) stanice za pretvaranje u C&vrsto ili te€no stanje koje se koriste za
uklanjanje UFs iz procesa obogacivanja komprimovanjem i
konvertovanjem UFs u teéno ili évrsto stanje;

(g) stanice za ,proizvod” ili ,ostatke” koje se koriste za prenos UFs u
kontejnere.

Kolektorsko-cevovodni sistemi

Posebno projektovani ili pripremljeni kolektorsko-cevovodni sistemi napravljeni
od materijala otpornih na koroziju izazvanu delovanjem UF; ili zasti¢eni tim
materijalima, za rukovanje UFg unutar aerodinamickih kaskada. Ova
cevovodna mreza je obiéno projektovana sa ,dvostrukim” kolektorskim
sistemom, gde je svaka faza ili grupa faza povezana na svaki od kolektora.

Vakuumski sistemi i pumpe

(@) Posebno projektovani ili pripremljeni vakuumski sistemi usisnog
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kapaciteta 5 m®min ili viSe, koji se sastoje od vakuumskih razvodnika,
vakuumskih kolektora i vakuum-pumpi, a predvideni su za rad u atmosferi
koja sadrzi UFs.

(b) Vakuum-pumpe posebno projektovane ili pripremljene za rad u atmosferi
koja sadrzi UFg, napravljene od materijala otpornih na koroziju izazvanu
delovanjem UFs ili su zasti¢eni tim materijalima. Ove pumpe mogu Koristiti
fluorougljeniéne zaptivke i posebne radne fluide.

5.5.10. Specijalni zaustavni i regulacioni ventili

Posebno projektovani ili pripremljeni ruéni ili automatski zaustavni i kontrolni
ventili sa mehovima, napravljeni od materijala otpornih na koroziju izazvanu
delovanjem UFg ili zadti¢eni tim materijalima, pre€nika od 40 do 1500 mm, a
predvideni za ugradnju u glavne i pomocne sisteme postrojenja za
aerodinamicko obogacivanje.

5.5.11. UFs maseni spektrometri/jonski izvori

Posebno projektovani ili pripremljeni magnetni ili kvadrupolni maseni
spektrometri za onlajn uzimanje uzoraka napojne sirovine, ,proizvoda” ili
Lostataka” iz tokova gasa UFs, koji imaju sve sledece osobine:

1. jedini¢nu rezoluciju za masu vecu od 320;

2. jonske izvore napravljene od nihroma ili monela ili obloZzene tim
materijalima ili niklovane;

3. izvore za jonizaciju na bazi bombardovanja elektronima;

4. Kkolektorski sistem pogodan za analizu izotopa.

5.5.12. Sistemi za separaciju UF¢ / noseéeg gasa

5.6.

Posebno projektovani ili pripremljeni procesni sistemi za razdvajanje UFgs od
noseceg gasa (vodonik ili helijum).

OBJASNIENJE

Ovi sistemi su predvideni za smanjivanje sadrzaja UFs u nose¢em gasu ha 1
ppm ili manje i mnogi obuhvataju opremu kao $to su:

(a) kriogeni izmenijivaci toplote i krioseparatori za rad na temperaturama od -
120°C ili nizim, ili
(b) kriogene rashladne jedinice za temperature od -120°C ili nize, ili

(v) jedinice sa separacionim mlaznicama ili vrtloznim cevima za razdvajanje
UF¢ od nosecéeg gasa, ili

(g) hladni trapovi za UF¢ za temperature od -20°C ili nize.
Posebno projektovani ili pripremljeni sistemi, oprema i komponente za

upotrebu u postrojenjima za obogacéivanje hemijskom ili jonskom izmenom

UVODNA NAPOMENA

Mala razlika u masi izmedu izotopa uranijuma dovodi do malih promena
ravnoteze hemijskih reakcija $to moze biti kori§¢eno kao osnova za separaciju
izotopa. UspeSno su razvijena dva procesa: hemijska izmena te¢no-te¢no i
jonska izmena Cvrsto-teCno stanje.

U procesu hemijske izmene teCno-teCno, teCne faze koje se ne mogu mesati
(vodena i organska) protivstrujno se dodiruju i daju kaskadni efekat viSe hiljada
stupnjeva separacije. Vodena faza se sastoji od uranijum hlorida u rastvoru
hlorovodonic¢ne kiseline; organska faza se sastoji od ekstraktanta koji sadrzi
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uranijum hlorid u organskom rastvaradu. Kontaktori koji se koriste u
separacionoj kaskadi mogu biti kolone za izmenu teéno-teéno (kao Sto su
pulsiraju¢e kolone sa sitastim plo¢ama) ili teCni centrifugalni kontaktori.
Hemijske konverzije (oksidacija i redukcija) su potrebne na oba kraja
separacione kaskade kako bi se omogucio refluks na svakom kraju. Glavna
briga kod projektovanja je da se izbegne kontaminacija procesnih tokova
odredenim metalnim jonima. Stoga se koriste plasti¢ne, plastikom obloZene
(uklju€ujuéi upotrebu fluorougljeni¢nih polimera) odnosno staklom obloZene
kolone i cevovod.

U procesu cvrsto-teCne jonske izmene, obogaéivanje se sprovodi
adsorpcijom/desorpcijom uranijuma u specijalnoj, brzo delujucoj, smoli za
jonsku izmenu ili adsorbentu. Rastvor uranijuma u hlorovodoniénoj kiselini i
drugim hemijskim sredstvima propusta se kroz cilindricne kolone za
obogacivanje koje sadrze slojeve adsorbenta. Za kontinualan proces potreban
je sistem refluksa za oslobadanje uranijuma iz adsorbenta nazad u tok te¢nosti
tako da se mogu sakupiti ,proizvod” i ,ostaci”. To se postize koriS¢enjem
odgovaraju¢ih hemijskih agenasa za redukciju/oksidaciju koji se potpuno
regeneriSu u zasebnim spoljadnjim kruznim tokovima i koji se mogu delimi¢no
regenerisati u samim kolonama za separaciju izotopa. Prisustvo vrucih
koncentrovanih rastvora hlorovodoni¢ne kiseline u procesu zahteva opremu
izradenu od specijalnih materijala otpornih na koroziju ili zastiCenu tim
materijalima.

Kolone za izmenu teéno-te€no (hemijska izmena)

Suprotnostrujne kolone za izmenu teéno-te€no sa ulaznom mehani¢kom
shagom (tj. pulsirajuée kolone sa sitastim plo¢ama, klipne plo¢aste kolone i
kolone sa unutrasnjim turbinskim mesalicama), posebno projektovane i
pripremljene za obogacdivanje uranijuma postupkom hemijske izmene. Zbog
otpornosti na korozivho dejstvo koncentrovanog rastvora hlorovodoni¢ne
kiseline, ove kolone i njihovi unutradnji delovi izradeni su od odgovarajucih
plasti¢nih materijala ili su zastic¢eni tim materijalima (kao $to su fluorougljeniéni
polimeri) ili staklom. Projektovano vreme zadrzavanja u koloni treba da bude
kratko (30 sekundi ili manje).

Teéno-tecni centrifugalni kontaktori (hemijskaizmena)

Tecno-te¢ni centrifugalni kontaktori, posebno projektovani ili pripremljeni za
obogacivanje uranijuma pomoc¢u procesa hemijske izmene. Takvi kontaktori
koriste rotaciju za postizanje disperzije organskih i vodenih tokova, a zatim
centrifugalnu silu za separaciju faza. Zbog korozivne otpornosti na
koncentrovani rastvor hlorovodoni¢ne kiseline, kotaktori su napravljeni od
odgovarajuc¢ih plastiénih materijala kao $to su fluorougljeni¢ni polimeri ili su
zasticeni tim materijalima ili oblozeni staklom. Projektovano vreme
zadrzavanja u centrifugalnim kontaktorima treba da bude kratko (30 sekundi ili
manje).

Sistemi i oprema za redukciju uranijuma (hemijska izmena)

(@) Posebno projektovane ili pripremljene elektronemijske ¢elije za redukciju
uranijuma iz jednog valentnog stanja u drugo radi obogacivanja uranijuma
pomoc¢u procesa hemijske izmene. Materijali Celije koji su u kontaktu sa
procesnim rastvorima moraju biti otporni na koroziju uzrokovanu
koncentrovanim rastvorima hlorovodoni¢ne kiseline.

OBJASNIENJE
Katodni odeljak celije mora biti tako projektovan da spreci ponovnu oksidaciju
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uranijuma do njegovog viSeg valentnog stanja. Da bi se uranijum zadrzao u
katodnom odeljku, éelija moze imati nepropusnu membransku dijafragmu
izradenu od specijalnih materijala za katjonsku izmenu. Katoda se sastoji od
odgovarajuéeg ¢vrstog provodnika kao &to je grafit.

(b) Posebno projektovani ili pripremljeni sistemi na proizvodnom kraju
kaskade za izdvajanje U*" iz organskog toka, za pode$avanje
koncentracije kiseline i napajanje elektrohemijskih ¢elija za redukciju.

OBJASNENJE

Ovi sistemi se sastoje od opreme za ekstrakciju rastvarada za odvodenje U**
iz organskog toka u vodeni rastvor, za isparavanje i/ili druge opreme za
podesavanje i kontrolu pH u rastvoru, kao i od pumpi i drugih transportnih
uredaja za napajanje elektrohemijskih ¢éelija za redukciju. Glavna briga kod
projektovanja je izbegavanje kontaminacije vodenog toka odredenim metalnim
jonima. Prema tome, za delove koji su u kontaktu sa procesnim tokom, u
sistem je ugradena oprema izradena od odgovaraju¢ih materijala (kao $to su
staklo, fluorougljeni¢ni polimeri, polifenil sulfat, polieter sulfon i grafit
impregniran smolom) ili je zasti¢ena tim materijalima.

Sistemi za pripremu napajanja (hemijska izmena)

Posebno projektovani ili pripremljeni sistemi za proizvodnju rastvora uranijum
hlorida velike Cisto¢e za napajanje postrojenja za separaciju izotopa uranijuma
hemijskom izmenom.

OBJASNIJENJE

Ovi sistemi se sastoje od opreme za rastvaranje, ekstrakciju rastvaraca ifili
jonsku izmenu radi prec€iS¢avanja i elektrolitickih ¢elija za redukciju uranijuma
U® ili U* do U*. Ovi sistemi proizvode rastvore uranijum hlorida koji sadrze
samo nekoliko delova na milion metalnih nedistoéa, kao §to su hrom, gvozde,
vanadijum, molibden i drugi dvovalentni ili vidi viSevalentni katjoni.
Konstrukcioni materijali za ove delove sistema, u kojem se preraduje U**
velike Cistoce su staklo, fluorougljeni€ni polimeri, polifenil sulfat ili plastikom
oblozeni polieter sulfonom i grafit impregniran smolom.

Sistemi za oksidaciju uranijuma (hemijska izmena)

Posebno projektovani ili pripremljeni sistemi za oksidaciju U* u U* radi
vrac¢anja u kaskadu za separaciju izotopa uranijuma u postupku obogacivanja
hemijskom izmenom.

OBJASNIENE
Ovi sistemi mogu obuhvatiti slede¢u opremu:

(@) opremu za dovodenje hlora i kiseonika u kontakt sa vodenim efluentom iz
opreme za separaciju izotopa i za ekstrakciju rezultantnog U** u izdvojeni
organski tok koji se vrac¢a sa proizvodnog kraja kaskade;

(b) opremu koja odvaja vodu od hlorovodoniéne kiseline tako da se voda i
koncentrovana hlorovodoni¢na kiselina mogu ponovo uvesti u proces na
odgovarajuéim mestima.

Brzoreagujucée jonoizmenjiva¢ke smole/adsorbenti (jonska izmena)

Brzoreagujuce jonoizmenjivaCke smole ili adsorbenti posebno projektovani ili
pripremljeni za obogacivanje uranijuma postupkom jonske izmene, ukljuCujuci
makroporozne umrezene smole odnosno opnaste strukture u kojima su
aktivne hemijske izmenjivaCke grupe ograni¢ene na povrSinsku prevlaku na
neaktivnoj poroznoj nosecoj strukturi i druge kompozitne strukture u bilo kom
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odgovarajuéem obliku, uklju€ujuéi i €estice ili vlakna. Ove jonoizmenjivacke
smole/adsorbenti imaju pre¢nik od 0.2 mm ili manji i moraju biti hemijski
otporni na koncentrovane rastvore hlorovodoni¢ne kiseline, te moraju biti
dovoljno fizicki Cvrsti da ne dode do degradacije u izmenjivackim kolonama.
Smole/adsorbenti su posebno projektovani da postiZzu veoma brzu kinetiku
izmene izotopa uranijuma (poluvreme izmene je manje od 10 sekundi) i da
budu sposobni za rad u temperaturnom opsegu od 100°C do 200°C.

Jonoizmenjivacke kolone (jonska izmena)

Cilindricne kolone preénika veceg od 1000 mm za ugradnju i podupiranje
napunjenih slojeva jonoizmenjivacke smole/adsorbenta, posebno projektovane
ili pripremlijene za obogacivanje uranijuma postupkom jonske izmene. Ove
kolone su napravljene od materijala (kao $to je titanijum ili fluorougljeni¢na
plastika) otpornih  na korozivho dejstvo koncentrovanih  rastvora
hlorovodoni¢ne kiseline ili su zastiCene njima, a sposobne su za rad u
temperaturnom opsegu od 100°C do 200°C i pritiscima iznad 0.7 MPa (102
psia).

Jonoizmenjiva€ki sistemi povratnog toka (jonska izmena)

(2) Posebno projektovani ili pripremljeni hemijski ili elektrohemijski redukcioni
sistemi za regeneraciju hemijskih agenasa za redukciju koji se koriste u
kaskadama za obogacivanje uranijuma jonskom izmenom.

(b) Posebno projektovani ili pripremljeni hemijski ili elektrohemijski
oksidacioni sistemi za regeneraciju hemijskih agenasa za oksidaciju koji
se koriste u kaskadama za obogacivanje uranijuma jonskom izmenom.

OBJASNENJE

U postupku obogacdivanja jonskom izmenom moze se Kkoristiti, na primer,
trovalentni titanijum (Ti**) kao redukcioni katjon i u tom sluéaju redukcionim
sistemom bi se regenerisao Ti** redukovanjem Ti*.

U postupku se moze koristiti na primer, trovalentno gvozde (Fe®) kao
oksidant i u tom sludaju sistemom oksidacije bi se regenerisao Fe*
oksidovanjem Fe?*.

Posebno projektovani ili pripremljeni sistemi, oprema i komponente za

upotrebu u postrojenjima za lasersko obogacivanje

UVODNA NAPOMENA

Sadasnji sistemi za postupke obogadivanja pomoc¢u lasera dele se u dve
kategorije: sistemi kod kojih je procesni medijum para atomskog uranijuma i
sistemi kod kojih je procesni medijum para jedinjenja uranijuma. Uobi¢ajena
nomenklatura za te postupke obuhvata sledece: prva kategorija — laserska
separacija izotopa iz atomske pare (AVLIS ili SILVA); druga kategorija —
molekulska laserska separacija izotopa (MLIS ili MOLIS) i hemijska reakcija
izazvana izotopskom selektivnom laserskom aktivacijom (CRISLA). Sistemi,
oprema i komponente za postrojenje za lasersko obogacivanje su: (a) uredaiji
za dovod pare metalnog uranijuma (za selektivnu fotojonizaciju) ili uredaji za
dovod pare jedinjenja uranijuma (za fotodisocijaciju ili hemijsku aktivaciju); (b)
uredaji za sakupljanje obogacenog i osiromasenog metalnog uranijuma kao
,proizvoda” i ,ostataka” u prvoj kategoriji i uredaji za sakupljanje disociranih ili
izreagovanih jedinjenja kao ,proizvoda” i materijala na koji se nije delovalo kao
"ostataka” u drugoj kategoriji; (v) procesni laserski sistemi za selektivnu
pobudu uzoraka uranijuma -235; i (g) oprema za pripremu napajanja i
konverziju proizvoda. Slozenost spektroskopije atoma i jedinjenja uranijuma



69

moze zahtevati koriS¢enje bilo koje od brojnih raspolozivih laserskih
tehnologija.

OBJASNENJE

Mnoge stavke navedene u ovom odeljku dolaze u direktan kontakt sa parom ili
teCnoS¢u metala uranijuma ili sa procesnim gasom koji se sastoji od UFg ili
smesSe UF; i drugih gasova. Sve povrsine koje dolaze u kontakt sa uranijumom
ili UFs su u celosti napravljene od materijala otpornih na koroziju ili su
zasticene tim materijalima. Za potrebe odeljka koji se odnosi na stavke
laserskog obogacivanja, materijali otporni na koroziju od pare ili te€nosti
metala uranijuma ili legura uranijuma obuhvataju itrijumom oblozeni grafit i
tantal, a materijali otporni na korozivno dejstvo UFg obuhvataju bakar,
nerdajuci €elik, aluminijum, legure aluminijuma, nikl ili legure koje sadrze 60%
ili viSe nikla i potpuno fluorovane ugljovodoni¢ne polimere otporne na UFs.

5.7.1. Sistemi za isparavanje uranijuma (AVLIS)
Posebno projektovani ili pripremljeni sistemi za isparavanje uranijuma Kkoji
sadrze visokoenergetske elektronske topove sa snopovima jednog opsega ili
skeniraju¢e sa shagom zra¢enja na meti ve¢om od 2.5 kW/cm.

5.7.2. Sistemi za rukovanje teénim metalnim uranijumom (AVLIS)
Posebno projektovani ili pripremljeni sistemi za rukovanje te¢nim metalom za
rastopljeni uranijum ili legure uranijuma, koji se sastoje od tiglova i opreme za
hladenje tiglova.
OBJASNIJENJE
Tiglovi i drugi delovi ovog sistema koji dolaze u kontakt sa rastopljenim
uranijumom ili legurama uranijuma napravljeni su od materijala otpornih na
koroziju i toplotu ili su zasti¢eni tim materijalima. Odgovaraju¢i materijali su
tantal, grafit presvucen itrijumom, grafit presvu€en drugim oksidima elemenata
grupe retkih zemalja ili njihovim smeSama.

5.7.3. Kolektorski sklopovi za ,proizvod“ i ,ostatke”“ metalnog uranijuma

(AVLIS)
Posebno projektovani ili pripremljeni kolektorski sklopovi za ,proizvod” i
»ostatke” metalnog uranijuma u te€nom ili ¢vrstom stanju.
OBJASNJENJE
Komponente ovih sklopova napravljene su od materijala otpornih na toplotu i
koroziju pare ili te€nosti metalnog uranijuma (kao Sto je grafit presvucen
itrijumom ili tantal) ili su zasti¢eni tim materijalima i mogu ukljuditi cevi, ventile,
fitinge, ,zlebove”, provodnike, izmenjivae toplote i kolektorske plo¢e za
magnetne, elektrostaticke ili druge metode separacije.

5.7.4. Kug¢ista separatorskog modula (AVLIS)
Posebno projektovani ili pripremljeni cilindriéni ili pravougaoni sudovi za
smestanje izvora pare metalnog uranijuma, elektronskog topa i kolektora
.proizvoda” i ,ostataka”.
OBJASNIENJE
Ova kucista imaju mnoStvo otvora za elektriCne i prikljucke za napajanje
vodom, otvore za laserski snop, priklju¢ke za vakuum-pumpu i dijagnostiku i
nadzor instrumentacije. Imaju elemente za otvaranje i zatvaranje zbog
sanacije unutrasnjih komponenata.

5.7.5. Nadzvuéne ekspanzione mlaznice (MLIS)
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Posebno projektovane ili pripremljene nadzvuéne ekspanzione mlaznice za
rashladivanje sme8a UF¢ i noseceg gasa do 150 K ili nize, napravljene od
materijala otpornih na koroziju izazvanu delovanjem UFs.

Kolektori za uranijum pentafluorid (MLIS)

Posebno projektovani ili pripremljeni kolektori za &vrsti proizvod uranijum
pentafluorid koji se sastoje od filtra, kolektora udarnog ili ciklonskog tipa ili
njihovih kombinacija, a napravljeni su od materijala koji su otporni na koroziju
uzrokovanu izlaganjem UFs/UFg sredini.

Kompresori za UFg/noseéi gas (MLIS)

Posebno projektovani ili pripremljeni za meSavine UFg/noseci gas, projektovani
za dugotrajan rad u UFg sredini. Komponente ovih kompresora koje dolaze u
kontakt sa procesnim gasom napravljene su od materijala otpornih na koroziju
izazvanu delovanjem UFs ili su zaSti¢ene tim materijalima.

Zaptivke za rotiraju¢e osovine (MLIS)

Posebno projektovane ili pripremljene zaptivke za rotirajuCe osovine sa
prikljuécima na zaptivki za napajanje i ispustanje, za zaptivanje osovine koja
povezuje rotor kompresora sa pogonskim motorom, tako da se obezbedi
pouzdano zaptivanje na curenje procesnog gasa ili ulaska vazduha ili
zaptivnog gasa u unutradnju komoru kompresora napunjenu smeSom
UF¢/noseci gas.

Sistemi za fluorovanje (MLIS)

Posebno projektovani ili pripremljeni sistemi za fluorovanje UFs (u €vrstom
stanju) u UF¢ (gas).

OBJASNENJE

Ovi sistemi su projektovani za fluorovanje sakuplienog praha UFs u UFs za
naknadno sakupljanje u kontejnere za proizvod ili prenos kao napojne sirovine
u MLIS jedinice radi dodatnog obogacdivanja. Prema jednom pristupu, reakcija
fluorovanja moze biti obavljena u sistemu za separaciju izotopa gde dolazi do
reakcije i povrac¢aja direktno sa kolektora za ,proizvod”. Po drugom pristupu,
UFs prah se moze ukloniti/preneti iz kolektora za ,proizvod” u odgovarajucu
posudu za reakciju (npr. reaktor sa fluidizovanim slojem, spiralni reaktor ili
plamenu kolonu) fluorovanja. Kod oba pristupa, koristi se oprema za
skladistenje i prenos fluora (ili odgovaraju¢ih agenasa za fluorovanje) i za
sakupljanje i prenos UFs.

5.7.10. UFs maseni spektrometri/jonski izvori (MLIS)

Posebno projektovani ili pripremljeni magnetni ili kvadrupolni maseni
spektrometri za onlajn uzimanje uzoraka napojne sirovine, ,proizvoda” ili
Lostataka” iz tokova gasa UFs koji poseduju sve sledece osobine:

1. jedini¢nu rezoluciju za masu vecu od 320;

2. jonske izvore napravljene od nihroma ili monela ili su oblozeni tim
materijalima ili niklovani;

3. izvore za jonizaciju na bazi bombardovanja elektronima;

4. Kkolektorske sisteme pogodne za analizu izotopa.

5.7.11. Sistemi za napajanje/sistemi za odvodenje proizvoda i ostataka (MLIS)

Posebno projektovani ili pripremljeni procesni sistemi ili oprema za postrojenja
za obogacivanje napravljeni od materijala otpornih na korozivno dejstvo UFs ili
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su zasticeni tim materijalima, obuhvataju:

(a) napojne autoklave, peci ili sisteme koji se koriste za uvodenje UFs u
proces obogadivanja;

(b) desublimatore (ili hladne trapove) koji se koriste za uklanjanje UFg iz
procesa obogacivanja za sledecéi prenos nakon zagrevanja;

(v) stanice za ocvrS¢avanije ili ute€njavanje koje se koriste za uklanjanje UFg
iz procesa obogacivanja komprimovanjem i konvertovanjem UFs u tecni ili
évrsti oblik;

(g) stanice za ,proizvod” ili ,ostatke” koje se koriste za prenos UFs u
kontejnere.

5.7.12. Sistemi za separaciju UFs /nose¢eg gasa (MLIS)

Posebno projektovani ili pripremljeni procesni sistemi za odvajanje UFgs od
noseceg gasa. Noseci gas moze biti azot, argon ili neki drugi gas.

OBJASNENJE

Ovi sistemi mogu obuhvatiti slede¢u opremu:

(@) kriogene izmenijivace toplote ili krioseparatore za temperature od -120°C
ili nize, ili

(b) kriogene rashladne jedinice za temperature od -120°C ili nize, ili

(v) UFg hladne trapove za temperature od -20°C ili nize.

5.7.13. Laserski sistemi (AVLIS, MLIS i CRISLA)

5.8.

Laseri ili laserski sistemi posebno projektovani ili pripremljeni za separaciju
izotopa uranijuma.

OBJASNIJENJE

Laserski sistem za AVLIS proces obi¢no se sastoji od dva lasera: laser na bazi
para bakra i obojeni laser. Laserski sistem za MLIS obi¢no se sastoji od CO; ili
eksimerskog lasera i opticke komore sa viSe prolaza, koja ima obrtna ogledala
na oba kraja. Laseri ili laserski sistemi za oba procesa zahtevaju stabilizator
spektra frekvencije za rad u duzim vremenskim periodima.

Posebno projektovani ili pripremljeni sistemi, oprema i komponente za

upotrebu u postrojenjima za obogacivanje separacijom plazme

5.8.1.

UVODNA NAPOMENA

U procesu separacije plazme, plazma jona uranijuma prolazi kroz elektri¢no
polje podes$eno na rezonantnu frekvenciju jona U-235, tako da oni prvenstveno
apsorbuju energiju i povec¢avaju prec¢nik svojih spiralnih putanja. Joni sa
putanjom velikog prec¢nika se hvataju radi stvaranja proizvoda obogacenog U-
235. Plazma koja se dobija jonizacijom pare uranijuma, zadrzava se u
vakuumskoj komori pomoc¢u veoma jakog magnetnog polja, koje stvara
superprovodni magnet. Glavni tehnoloSki sistemi u procesu obuhvataju sistem
za generisanje plazme uranijuma, modul separatora sa superprovodnim
magnetom i sisteme za uklanjanje metala kod prikupljanja ,proizvoda” i
,ostataka”.

Mikrotalasni izvori energije i antene

Posebno projektovani ili pripremljeni mikrotalasni izvori energije i antene za
proizvodnju ili ubrzavanje jona koji imaju sledec¢e osobine: frekvenciju ve¢u od
30 GHz i prosecnu izlaznu snagu vecu od 50 kW kod proizvodnje jona.
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Kalemi za pobudu jona

Posebno projektovani ili pripremljeni radiofrekventni kalemi za pobudu jona za
frekvencije iznad 100 kHz koji su sposobni za rad pri srednjoj snazi vecoj od
40 kw.

Sistemi za generisanje plazme uranijuma

Posebno projektovani ili pripremljeni sistemi za generisanje plazme uranijuma,
koji sadrZze visoko energetske topove sa snopovima jednog opsega ili
skeniraju¢e, sa snagom zracenja na meti vecom od 2,5 kW/cm.

Sistemi za rukovanje te€nim metalnim uranijumom

Posebno projektovani ili pripremljeni sistemi za rukovanje te¢nim metalima za
rastopljeni uranijum ili legure uranijuma, koji se sastoje od tiglova i opreme za
hladenje tiglova.

OBJASNENJE

Tiglovi i drugi delovi ovog sistema koji dolaze u kontakt sa rastopljenim
uranijumom ili legurama uranijuma napravljeni su od materijala otpornih na
koroziju i toplotu ili su zasti¢eni tim materijalima. Odgovaraju¢i materijali su
tantal, grafit presvucen itrijumom, grafit presvu€en drugim oksidima elemenata
grupe retkih zemalja ili njihovim sme8ama.

Kolektorski sklopovi za ,,proizvod“ i ,,ostatke* metalnog uranijuma

Posebno projektovani ili pripremljeni kolektorski sklopovi za ,proizvod” i
,ostatke” metalnog uranijuma u Cvrstom stanju. Ovi kolektorski sklopovi su
napravljeni od materijala otpornih na toplotu i koroziju izazvanu parom
uranijuma, kao Sto su grafit presvu€en itrijumom ili tantal ili su zasti¢eni tim
materijalima.

Kuéista separatorskog modula

Cilindriéni sudovi posebno projektovani ili pripremljeni za upotrebu u
postrojenjima za obogacivanje separacijom plazme, za smeStanje izvora
plazme uranijuma, radiofrekventnin pogonskih kalemova i kolektora
.proizvoda” i ,ostataka”.

OBJASNIJENJE

Ova kucista imaju mnostvo otvora za elektriCne provodnike, prikljucke za
difuzionu pumpu i dijagnostiku i nadzor instrumentacije. Imaju elemente za
otvaranje i zatvaranje zbog sanacije unutrasnjih komponenti, a napravljeni su
od odgovarajuéeg nemagnetnog materijala kao $to je nerdajuci Celik.

Posebno projektovani ili pripremljeni sistemi, oprema i komponente za

upotrebu u postrojenjima za elektromagnetno obogacivanje

UVODNA NAPOMENA

U elektromegnetnom procesu, joni metalnog uranijuma Kkoji su dobijeni
jonizacijom uranijumove soli (obi¢no UCIl,) kao materijala za napajanje,
ubrzavaju se i prolaze kroz magnetno polje sto dovodi do toga da joni razli¢itih
izotopa imaju razliC¢ite putanje. Glavne komponente elektromagnetnog
separatora izotopa su: magnetno polje za skretanje jonskog snopa/separaciju
izotopa u jonskom snopu, jonski izvor sa sistemom za ubrzanje i sistem
sakupljanja izdvojenih jona. Pomoéni sistemi za proces obuhvataju sistem
energetskog napajanja magneta, visokonaponski sistem napajanja jonskog
izvora, vakuumski sistem i obimne sisteme za rukovanje hemikalijama za
regeneraciju proizvoda i €iS¢enje/recikliranje komponenti.
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Elektromagnetni separatori izotopa

Elektromagnetni separatori izotopa posebno projektovani ili pripremljeni za
separaciju izotopa uranijuma, njihova oprema i komponente.

(&) Jonski izvori

Posebno projektovani ili pripremljeni jednostruki ili visestruki uranijumski jonski
izvori  koji se sastoje od izvora pare, jonizatora i akceleratora snopa, a
napravljeni su od odgovaraju¢ih materijala kao Sto je grafit, nerdajuci celik ili
bakar, i mogu da obezbede ukupnu struju jonskog snopa od 50 mA ili vecu.

(b) Jonski kolektori

Kolektorske ploge koje se sastoje od jednog ili viSe proreza i dZzepova posebno
projektovane ili pripremljene za prikupljanje jonskih snopova obogacenog i
osiromasenog uranijuma, napravljene od odgovarajuéih materijala kao sto je
grafit ili nerdajuci Celik.

(v) Vakuumska kucista

Posebno projektovana ili pripremljena vakuumska kucista za elektromagnetne
separatore uranijuma, napravljena od odgovarajuéih nemagnetnih materijala
kao Sto je nerdajuci Celik, i projektovana tako da rade na pritiscima od 0.1Pa ili
nizim.

OBJASNIENJE

Kucista su posebno projektovana za drzanje jonskih izvora, kolektorskih
polo¢a i vodom hladenih obloga, a imaju moguc¢nost priklju€ivanja difuzione
pumpe, kao i otvor i poklopac koji sluze za uklanjanje i ponovnu ugradnju ovih
komponenti.

(g) Delovi magnetnih polova

Posebno projektovani ili pripremljeni delovi magnetnih polova pre€nika veceg
od 2 m koji se koriste za odrzavanje konstantnog magnetnog polja u
elektromagnetnom separatoru izotopa i za prenos magnetnog polja izmedu
susednih separatora.

Izvori napajanja elektricnom energijom visokog napona

Posebno projektovani ili pripremljeni izvori napajanja elektricnom energijom
visokog napona za jonske izvore Kkoji imaju sve sledece karakteristike:
sposobnost za kontinualan rad, izlazni napon od 20.000 V ili viSe, izlazna
struja od 1 A ili viSe i regulacija napona bolja od 0.01 % u periodu od osam
sati.

Izvori napajanja magneta elektricnom energijom

Posebno projektovani ili pripremljeni izvori napajanja magneta elektricnom
energijom koji imaju sve sledece karakteristike: moguénost kontinualnog rada
pri izlaznim strujama od 500 A ili ve¢im pri naponu od 100 V ili viSem i sa
regulacijom struje ili napona boljom od 0.01% u periodu od osam sati.

Postrojenja za proizvodnju teske vode, deuterijuma i jedinjenja

deuterijuma i oprema posebno projektovana ili pripremljena u tu svrhu

UVODNA NAPOMENA

TeSka voda se moze proizvoditi koriS¢enjem razli€itin procesa. Medutim, dva
procesa, koja su se pokazala komercijalno odrziva, su proces izmene voda—
vodonik sulfid (GS proces) i proces izmene amonijak-vodonik.

GS proces se zasniva nha izmeni vodonika i deuterijuma izmedu vode i vodonik
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sulfida u nizu tornjeva koji rade u procesu sa hladnom sekcijom na vrhu i
vrucom sekcijom na dnu. Voda te€e niz tornjeve dok gasoviti vodonik sulfid
cirkuliSe od dna do vrha tornjeva. Za poboljSanje meSanja gasa i vode koristi
se niz perforiranih plo¢a. Deuterijum odlazi u vodu pri niskim temperaturama i
u vodonik sulfid pri visokim temperaturama. Gas ili voda, obogaceni
deuterijumom, odvode se iz tornjeva prve faze na spoju vrucée i hladne sekcije,
tako da se proces ponavlja u tornjevima naredne faze. Proizvod poslednje
faze, voda obogaéena deuterijumom do 30%, Salje se u destilacionu jedinicu
radi proizvodnje teSke vode reaktorskog stepena kvaliteta, tj. 99.75%
deuterijum oksida.

U procesu izmene amonijak-vodonik moze se ekstrahovati deuterijum iz
sinteznog gasa preko kontakta sa te¢nim amonijakom u prisustvu katalizatora.
Sintezni gas se upusta u izmenjivacke tornjeve i u konvertor amonijaka. U
tornjevima, gas struji od dna prema vrhu, dok te¢ni amonijak te€e od vrha
prema dnu. Deuterijum se izdvaja iz vodonika u sinteznom gasu i koncentrise
u amonijaku. Amonijak zatim oti¢e u uredaj za razlaganje amonijaka na dnu
tornja, dok gas otie u konvertor amonijaka na vrhu. Dalje obogacivanje se
odvija u narednim fazama i tokom zavrdne destilacije stvara se teSka voda
reaktorskog stepena kvaliteta. Napajanje sinteznim gasom moze se obezbediti
U postrojenju za proizvodnju amonijaka koje se moze izgraditi zajedno sa
postrojenjem za teSku vodu putem postupka izmene amonijak-vodonik.
Postupak izmene amonijak-vodonik takode Kkoristi obi¢nu vodu kao izvor
napojne sirovine za deuterijum.

Mnogi od kljuénih stavki opreme u postrojenjima za proizvodnju teSke vode
pomoc¢u GS procesa ili izmenom amonijak-vodonik su zajedniCki za vise
segmenata hemijske i naftne industrije. Ovo posebno vazi za mala postrojenja
koja koriste GS proces. Medutim, malo od tih stavki se moze naci u slobodnoj
prodaji. GS proces i proces izmene amonijak-vodonik zahtevaju rukovanje
velikim koli¢inama zapaljivih, korozivnih i toksi¢nih fluida na poviSenim
pritiscima. Prema tome, kod uspostavljanja projektnih i radnih standarda za
postrojenja i opremu za ovakve procese, potrebno je posvetiti posebnu paznju
izboru materijala i specifikacijama, kako bi se obezbedio dug radni vek uz
veliku sigurnost i pouzdanost. Izbor merila pre svega zavisi od ekonomicnosti i
potreba. Zbog toga se vecina stavki opreme priprema prema zahtevima kupca.

Na kraju treba imati u vidu da i kod GS procesa i kod procesa izmene
amonijak-vodonik, stavke opreme, koje pojedinaéno nisu posebno
projektovane ili pripremljene za proizvodnju teSke vode, mogu biti ugradene u
sisteme koji su posebno projektovani ili pripremljeni za proizvodnju teSke vode.
Sistem za proizvodnju katalizatora koji se koristi u procesu izmene amonijak-
vodonik i sistemi za destilaciju vode koji se koriste za finalnu koncentraciju
teSke vode do reaktorskog stepena kvaliteta u oba procesa predstavljaju
primere takvih sistema.

Stavke opreme koje su posebno projektovane ili pripremljene za proizvodnju
teSke vode u kojima se koristi proces izmene voda-vodonik sulfid ili proces
izmene amonijak-vodonik su sledeci:

Tornjevi za izmenu voda-vodonik sulfid

Tornjevi za izmenu uradeni od finog ugljeni¢nog celika (kao Sto je ASTM
A516) preénika od 6 m (20 ft) do 9 m (30 ft), sposobni za rad na pritiscima
vec¢im ili jednakim 2 MPa (300 psi) i sa dozvoljenom korozijom od 6 mm ili
vec¢om, posebno projektovani ili pripremljeni za proizvodnju teSke vode
pomocu procesa izmene voda—vodonik sulfid.
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Duvaljke i kompresori

Jednostepene, centrifugalne duvaljke niskog pritiska (tj. 0,2 MPa ili 30 psi) ili
kompresori za cirkulaciju gasa vodonik sulfida (tj. gasa koji sadzi viSe od 70%
H,S) posebno projektovane ili pripremljene za proizvodnju tedSke vode pomocu
procesa izmene voda—vodonik sulfid. Ove duvalike ili kompresori imaju
propusni kapacitet vedi ili jednak 56 m®s (120.000 SCFM) dok su usisni radni
pritisci vedi ili jednaki 1,8 MPa (260 psi), a imaju zaptivke projektovane za rad
u vlaznoj atmosferi H,S.

Tornjevi za izmenu amonijak-vodonik

Tornjevi za izmenu amonijak-vodonik visine vece ili jednake 35 m (114.3 ft) i
pre¢nika od 1,5 m (4,9 ft) do 2,5 m (8,2 ft) sposobni za rad na pritiscima veéim
od 15 MPa (2225 psi), posebno projektovani ili pripremljeni za proizvodnju
teSke vode pomocu procesa izmene amonijak-vodonik. Ovi tornjevi takode
imaju najmanje jedan aksijalni otvor sa prirubnicom istog pre¢nika kao i
cilindri¢ni deo kroz koji se mogu umetnuti ili izvuci unutrasnji delovi tornja.

Unutrasnji delovi tornjeva i viSestepene pumpe

Unutradnji delovi tornjeva i viSestepene pumpe, posebno projektovani ili
pripremljeni za tornjeve za proizvodnju teSke vode, koriS¢enjem procesa
izmene amonijak-vodonik. Unutradnji delovi tornjeva su posebno dizajnirani
viSestepeni kontaktori kojima se poboljSava bliski kontakt gas/teCnost.
ViSestepene pumpe obuhvataju posebno projektovane potopne pumpe za
cirkulaciju te€nog amonijaka u unutradnjosti stepenih kontaktora do stepenih
tornjeva.

Uredaji za razlaganje amonijaka

Uredaiji za razlaganje amonijaka sa radnim pritiscima vecim ili jednakim 3 MPa
(450 psi), posebno projektovani ili pripremljeni za proizvodnju teSke vode
koriS¢enjem procesa izmene amonijak-vodonik.

Infracrveni apsorpcioni analizatori

Infracrveni apsorpcioni analizatori sposobni za onlajn analiticko odredivanje
odnosa vodonik/deuterijum pri koncentracijama deuterijuma vecim ili jednakim
90%.

Kataliticki plamenici

KatalitiCki plamenici za konverziju obogaéenog gasa deuterijuma u teSku vodu,
posebno projektovani ili pripremljeni za proizvodnju teSke vode kori§¢enjem
procesa izmene amonijak-vodonik.

Postrojenja za konverziju uranijuma i oprema posebno projektovana ili

pripremljena u tu svrhu

UVODNA NAPOMENA

Postrojenja i sistemi za konverziju uranijuma mogu vrsiti jednu ili viSe
transformacija iz jedne hemijske vrste uranijjuma u drugu, ukljuujuci:
konverziju koncentrata rude uranijuma u UOj, konverziju UO; u UO,,
konverziju oksida uranijuma u UF, ili UFg, konverziju UF, u UFe, konverziju UFg
u UF,, konverziju UF4; u metalni uranijum i konverziju uranijum fluorida u UO..
Mnoge od kljuénih stavki opreme za postrojenja za konverziju uranijuma
zajedniCke su za nekoliko segmenata hemijske procesne industrije. Na primer,
vrste opreme koji se koriste u ovim procesima mogu biti: peci, rotacione peci,
reaktori sa fluidiziranim slojem, reaktori sa plamenim tornjem, centrifuge za
te¢nost, destilacione kolone i kolone za ekstrakciju te€nost-te¢nost. Medutim,
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malo od tih stavki se mozZe naci u slobodnoj prodaji; veéina se priprema prema
zahtevima i specifikacijama kupca. U nekim slu€ajevima zahtevaju se posebna
projektna i konstrukcijska reSenja kako bi se prevazisli problemi sa korozijom
od nekih hemikalija kojima se rukuje (HF, F,, CIF; i uranijum fluorid). Na kraju,
treba imati u vidu da se u svim procesima konverzije uranijuma, stavke
opreme koje pojedinatno nisu posebno projektovane ili pripremliene za
konverziju uranijuma, mogu ugraditi u sisteme koji su posebno projektovani ili
pripremljeni za konverziju uranijuma.

Posebno projektovani ili pripremljeni sistemi za konverziju koncentrata

rude uranijuma u UO;

7.2.

7.3.

7.4,

7.5.

7.7.

OBJASNENJE

Konverzija koncentrata rude uranijuma u UO; moze se sprovesti tako da se
ruda najpre rastvori u azotnoj kiselini pa izdvoji Cisti uranil nitrat koriS¢enjem
rastvaraCa kao Sto je tributil fosfat. SledeCi korak je da se uranil nitrat
konvertuje u UOg, bilo koncentracijom i denitracijom ili neutralizacijom sa
gasovitim amonijakom, kako bi se dobio amonijum diuranat uz dodatno
filtriranje, suSenje i kalcinisanje.

Posebno projektovani ili pripremljeni sistemi za konverziju UO3; u UFs
OBJASNENJE

Konverzija UO; u UFs moze se izvrsiti direktno fluorovanjem. Proces zahteva
izvor gasa fluora ili hlor trifluorida.

Posebno projektovani ili pripremljeni sistemi za konverziju UO3z u UO,
OBJASNENJE

Konverzija UO; u UO, moze se izvrSiti redukovanjem UO; sa razlozenim
gasom amonijaka ili vodonikom.

Posebno projektovani ili pripremljeni sistemi za konverziju UO4 u UF,
OBJASNIJENJE

Konverzija UO, u UF, moze se izvrsiti reagovanjem UO, sa gasom vodonik
fluorida (HF) na temperaturi od 300-500°C.

Posebno projektovani ili pripremljeni sistemi za konverziju UF, u UFg
OBJASNIENJE

Konverzija UF,; u UFg vrSi se pomocu egzotermicke reakcije sa fluorom u
reaktoru tornja. UFs se kondenzuje iz vrucih izlaznih gasova propustanjem
izlaznog toka kroz hladni trap ohladen do temperature od -10°C. Proces
zahteva izvor gasa fluora.

Posebno projektovani ili pripremljeni sistemi za konverziju UF,; u metalni

OBJASNIEN]E

Konverzija UF, u metalni U vrsi se redukcijom sa magnezijumom (velike Sarze)
ili kalcijumom (male Sarze). Reakcija se vrSi na temperaturama iznad tacke
topljenja uranijuma (1130 °C).

Posebno projektovani ili pripremljeni sistemi za konverziju UFs u UO,
OBJASNENJE

Konverzija UFs u UO, moZze se vrsiti pomocu jednog od tri procesa. U prvom
procesu, UFg se redukuje i hidrolizuje u UO, pomocu vodonika i pare. U
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drugom procesu, UFg se hidrolizuje rastvaranjem u vodi, dodaje se amonijak
kako bi se natalozio amonijumov diuranat i diuranat se redukuje u UO,
pomocu vodonika na temperaturi od 820 °C. U treCem procesu, gasoviti UFs,
CO; i NH; se meSaju u vodi taloze¢i amonijum uranil karbonat. Amonijum
uranil karbonat se mesa sa parom i vodonikom na temperaturi od 500-600 °C
da bi se dobio UO,.

Konverzija UFg u UO, Cesto se vrsi kao prva faza u postrojenju za proizvodnju
goriva.

Posebno projektovani ili pripremljeni sistemi za konverziju UFs u UF,
OBJASNENJE

Konverzija UFs u UF, vrsi se redukcijom pomocu vodonika.
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Clan 3.

O sprovodenju Dodatnog protokola iz ¢lana 1. ovog zakona staraju se
ministarstvo nadlezno za nuklearnu sigurnost, ministarstvo nadlezno za kontrolu
izvoza, ministarstvo nadlezno za kontrolu uvoza u vezi sa nuklearnim aktivhostima,
ministarstvo nadlezno za izdavanje viza i regulatorno telo Vlade nadlezno za poslove
nuklearne sigurnosti i zastite od jonizujucih zracenja.

Clan 4.

Ovaj zakon stupa na snagu osmog dana od dana objavljivanja u ,Sluzbenom
glasniku Republike Srbije — Medunarodni ugovori”.
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