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TNPP as defined in INPRO:

Transportable Nuclear Power Plants (TNPP) are defined
as nuclear plants of small capacity:

 supplied in large modules for onsite erection,

e arranged and operating on united transport platforms of
wheeled, crawler, rail-riding or floating type.

TNPPs are viewed as Innovative Nuclear Systems (INS).

This presentation will mainly discuss the TNPP safety issues,
since it’s In this area that the new important TNPP features
could manifest themselves.
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Advantages of Transportable Nuclear Power Plants (TNPP)
over large power units:

- mass production, assembly and tests on the manufacturer’s site;
- delivery in large modules or on a united transport platform;
- minimal onsite mounting effort;

- lower probability of a severe accident;

- less serious accident consequences;

- no need for large-scale infrastructure;

- lower capital costs of construction,;

- shorter construction period,;

- relatively small control area of the site;

- convenient TNPP integration into a small power grid,;

- lower investment risk.
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Experience in TNPP design and operation, new projects
under development

» TNPP design and operation (1950s-1970s):
* inthe USSR - TES-3, Pamir and ARBUS,

* inthe USA - a series of army installations, Floating PM-1, PM-
2A, PM-3A and others, Power Plant “Sturgis”;

= the results were mostly positive; decommissioning was caused
primarily by economic considerations;

» New projects

= revived interest in TNPP: more than 50 TNPP designs under
elaboration on the IAEA list

= floating nuclear power plant (70 MW(e)) on a base of two
reactors KLT-40C type is constructed now in Russia
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Approaches to INS outlook definition

o User’'s requirements of INPRO Methodology
 Questionnaire of potential country-Users
 Holder’s approaches

User requirements are specified in INPRO Methodology.

Questioning results of potential INS and TNPP User countries are
contained in CUC materials.

Holder’s requirements are discussed for the first time.
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User requirements under
INPRO Methodology

User requirements in INPRO Methodology are important as the
definitions of the global nuclear expert community.
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User requirements under INPRO Methodology (1):

INPRO Methodology specifies the total of 17 User requirements to safety,
including:

- enhanced failure immunity of systems and components and resistance to
operational occurrences;

- detection and termination of operational occurrences to prevent their
development into accidents;

- reduced accident frequencies;

- engineered safety features capable of bringing the INS facility back to a
controllable state and to a safe shutdown condition;

- minimal reliance on human intervention, which should not be required until
after a certain delay;

- reduced frequency of large radioactive releases into the INS containment. If
such a release does happen, its consequences should be mitigated;

- exclusion of events requiring public relocation or evacuation from the site
neighbourhood,

- provision of defence-in-depth at various levels, more independent of each
other than in the existing systems;

- Improved man-machine interface;
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User requirements under INPRO Methodology (2):

- effective radiation protection by use of automation, remote control
and feedback of operating experience,;

- the dose to a member of the public from an INS during normal
operation reduced to values lower than those at existing installations;

- a TNPP safety case provided prior to commercial deployment;

- completed R&D to demonstrate the reliability of components for an
Insight required for TNPP safety management;

- construction of demonstration facilities;

- application of both deterministic and probabilistic methods for
comprehensive assessment of TNPP safety.

Neither the specific TNPP features, nor the possibility of serial
Industrial fabrication of TNPPs as an important instrument of TNPP
reliability and safety enhancement, were considered at the time of
INPRO Methodology development.
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Questionnaire
for potential User countries

Questioning of potential User countries would make it possible to
identify the INS (TNPP) outlook as seen by final users of nuclear
power services.
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User’s requirements for INS safety
as shown by the IAEA questioning:

- high level of reactor core safety (frequency of damage without
radioactivity release into the environment less than 1x10-5/reactor-
year; frequency of damage with a minimum radioactive release into
the environment less than 1x10-5/ reactor-year);

- a robust system for long-term decay heat removal and a containment
of enhanced strength;

- minimised public evacuation area (within a radius of no more than
800 m, or 425 m in the case of a high-temperature reactor);

- low level of primary circuit contamination;
- low level of operator’s workload.
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Selective IAEA questioning
User’s requirements for INS economics

- short time of TNPP delivery;,

- service life of at least 40 years;

- maintainability;

- availability factor of at least 90% and capacity factor higher than
80% average over the reactor service life;

- refuelling interval at least 2 years;

- frequency of unplanned outages less than once a year on the
average over the reactor service life;

- high burnup of the core;
- power manoeuvrabillity.

The IAEA possesses the bank of results of selective questioning
of potential User countries. Analysis of this data could provide a
valuable material needed to identify the ideal TNPP outlook.
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Holder’s approaches
to TNPP outlook definition

Russian nuclear power design companies were
Involved in generating their ideas of ideal TNPP
outlook from the safety viewpoint.

Their considerations could be divided in two groups:
approaches common to all NPPs
approaches specific to TNPPs
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TNPP Holder’s approaches
common to all nuclear power plants (1)

As far as the author knows, these detailed Designer’s considerations of an ideal
TNPP outlook are voiced for the first time:

- employment of the best proven nuclear power technologies for risk reduction;
- a minimum of mounting effort on the cite;

- planned and emergency TNPP maintenance — on the Holder’s site or by its regional
servicing centre;

- provision of the highest possible reliability of a “cold source” operation in the TNPP
heat cycle and components cooling;

provision of intrinsic protection features (negative coefficients of reactivity induced by
specific coolant volume, fuel temperature, coolant temperature, reactor power);

accommodation of all primary circuit components in one strong vessel,
absence of moving elements;

use of only passive safety systems independent of external power supplies and
initiation signals;

- prevention of operational occurrences from growing into design-basis accidents;

- ruling out the possibility of design-basis accidents developing into beyond-design-basis
events;
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TNPP Holder’'s approaches
common to all nuclear power plants (2)

- to provide the installation immunity to human errors and equipment failures;

- to provide as much time as possible for a decision to be made on using additional means
for preventing accident progression;

- to reduce the probability of primary circuit failure;
- to reduce the probability of reactor core failure;

- to reduce the probability of unacceptable core cooling deterioration in the event of primary
circuit failure;

- to ensure high heat storage capacity of the core;
- to use coolant of low chemical activity;

- to provide an automated diagnostic system for early detection of anticipated operational
occurrences at the TNPP;

- to provide as many as possible physical barriers to ionising radiation and radioactive
material (defence in depth);

- to provide at least three independent trains in the emergency protection system;
- to contain corium in the reactor vessel by means of external cooling;

- to ensure TNPP serviceability/integrity during design-basis natural or man-made threats on
the site;

- high integral ranking of the TNPP design reviewed in accordance with the INPRO
Methodology.

Thus, our designers distinguish 21 area of task-oriented influence on INS (TNPP) projects.
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Holder’s approaches specific to TNPP:

TNPP mass industrial production, assembly and testing on the manufacturer’s site;

to provide TNPP delivery to the site in pre-fabricated modules or on united transport
platform;

to minimize on-site assembling operations;
to extend the core lifetime:
to exclude refuelling;

- to make possible reactor operation in the load-following mode and to keep the reactor
operating in the event of load rejection;

- to provide a regular procedure for terminating the generation mode, moving the
TNPP with its shut-down reactor to a cooling/storage pad and its subsequent
transportation to a new operation site and re-commissioning;

- to minimise the number of reactor operators or, better still, to do without them
altogether;

- to include the stage of converting the site into a green field after TNPP
decommissioning as an integral element of TNPP lifecycle.

'I('jhe t?tal of 10 specific design effort areas needed for the ideal TNPP outlook can be
identified.
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50 years of world nuclear power development
experience are the basis for efficient and safe
development of moderate-capacity nuclear power,
including transportable NPPs.

TNPP and SMR general outlook should be identified
on the basis and with the use of: INPRO
Methodology; expert questionings of potential Users;
and Holder’s approaches
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Some other urgent questions
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World community requirements to INS User:

- the country’s participation in the NPT or in a trilateral agreement;
- commitment to submit TNPP-related information to the IAEA;

- signing of the comprehensive agreement on the IAEA safeguards;
- signing of the Supplementary Protocol based on INFCIR/540;

- compliance with the requirements of the Nuclear Suppliers Group and the Zanger
Committee;

- absence of claims for ownership of nuclear materials;
- development of national nuclear legislation and establishment of a Regulatory Body;

- establishment and support of an efficient system for nuclear material accounting and
control;

- establishment of an organisation for implementing a nuclear power programme
(NEPIO);

- signing of international conventions relating to liability for nuclear damage;

- making of an agreement with the IAEA on periodic independent inspections and IAEA
assistance in case of a radiation incident;

- acceptance of INS sitting by the neighbouring countries;

- submission of full information on political, economic, social, natural and man-made
threats to INS safety;

- effective physical protection of the INS during its operation, including rapid task-force
response to a threat to the nuclear material and installation security.
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Holder’s requirements to the TNPP User:

- guaranteed payment for nuclear power services to TNPP Holder,

- guaranteed favoured treatment in reducing legal, financial and other
risks for Holder for reasons associated with Country-User,

- gratuitous allocation of suitable area for TNPP placement and, if
required, for TNPP holding before shipment from the country;

- signing, If required, of an agreement with the IAEA on technical and/or
financial assistance to the Country-User in development of a nuclear
power law, in analysis of energy demand, preparations for a TNPP
supply tender, in choosing the TNPP option best suited to the User, in
building the essential infrastructure, etc.
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Holder’s requirements to the TNPP User and the IAEA:

- signing, if required, an agreement with the IAEA on technical and/or financial
assistance to the Country-User in development of a nuclear power law, in
analysis of energy demand, preparations for a TNPP supply tender, in
choosing the TNPP option best suited to the User, in building the essential
infrastructure, etc.

- availability of pilot facilities as an important element of TNPP-based nuclear
power services’ market;

- possibility of solving various urgent power tasks — such as district heating,
seawater desalination, hydrogen production, natural gas liquefaction, coal
processing, ammonia productlon etc. — with the use of TNPPs;

- nuclear fuel supply guarantees;

- TNPP nuclear power service Holder is to assume absolute responsibility for
supporting the TNPP lifecycle. The User is to pay for power products only.
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Our study is not yet complete and will continue. To conclude, we would
like to highlight some important results and proposals to be discussed.:

Conclusion (1):

o « |[deal TNPP outlook definition has to be reached taking
Into consideration INPRO Methodology User’s
requirements, skilled potential Users questionings and
TNPP Holder’s approaches;

* INPRO Methodology User’s requirements express the
basic approaches to the TNPP effectiveness and safety
providing

 World community and TNPP Holders also have their
requirements to the country-User, as the consequences of
potential severe accidents on the country’s nuclear sites
can cause damage to the neighbouring countries as well
as to the global environment.
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Conclusion (2):

* For nuclear power system on a base of TNPP effective
and safe development it is needed, except for other
conditions, creation of pilot TNPP units, creation of TNPP
with wide spectrum of energy services, guarantees of
nuclear fuel providing for TNPP under conditions
concerted

e Identifying an ideal TNPP outlook is an important task for
the global nuclear power community. Relevant studies
should continue within the respective IAEA structures and
the INPRO Project framework.
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Thank you for your attention!
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