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FOREWORD

In the future for developing regions and remote areas one or two power reactors in the
50 MW(e) to 100 MW(e) range could be appropriately applied for electricity and heat production.
Introducing and managing such a small programme with conventional reactor systems would require a
mature supporting technological infrastructure and many skilled and highly trained staff at the site,
which might be a problem for some countries. An increased number of small conventional reactors
(e.g. with on-site refuelling) would increase the burden and expenditure for assuring security and non-
proliferation. To this end, the time has come to develop an innovative small reactor concept that meets
the following requirements: reliable, safe operation with a minimum of maintenance and supporting
infrastructure, economic competitiveness with alternative energy sources available to the candidate
sites, and significant improvements in proliferation resistance relative to existing reactor systems.

Successful resolution of such a problem requires a comprehensive systems approach that
considers all aspects of manufacturing, transportation, operation, and ultimate disposal. Some
elements of this approach have been used previously in the development of propulsion (ship and
space) nuclear power systems, with consideration given to many diverse requirements such as highly
autonomous operation for a long period of time, no planned maintenance, no on-site refuelling and
ultimate disposition.

It is with this focus that the IAEA convened the Advisory Group on Propulsion Reactor
Technologies for Civilian Applications in Obninsk, Russian Federation.

This meeting, which included participants from ten countries (Canada, China, Egypt, France,
India, Indonesia, Japan, the Republic of Korea, the Russian Federation and the United States of
America) brought together a group of international experts to review and assess the propulsion reactor
design features and operational experience, mode of its alternative application, as well as to discuss
the systems approach and requirements for innovative small reactors and rationale for selecting them.

The IAEA would like to express its thanks to all those who took part in the AGM, and
particularly to the Institute of Physics and Power Engineering (IPPE) for hosting the meeting. Special
thanks go to V. Chitaykin (IPPE, Obninsk, Russian Federation) and to S. Kazakov (JSC Malaya
Energetika, Moscow) for assisting in the preparation of this publication.

The IAEA officer responsible for this publication was A. Rineiskii of the Division of Nuclear
Power.
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SUMMARY

1. INTRODUCTION

The Advisory Group Meeting (AGM) on “Propulsion Reactor Technologies for Civilian
Applications™” was held in Obninsk, Russian Federation, 20-24 July 1998. The AGM was convened by
the International Atomic Energy Agency (IAEA) and was hosted by the Federal Scientific Centre,
Institute of Physics and Power Engineering (IPPE).

This meeting was organized as a forum for experts of Member States to advise the IAEA on the
different types of water and liquid metal cooled ship propulsion reactors, barge mounted power
reactors and innovative reactor concepts which do not require on-site refuelling, and other similar
reactor types presently in existence or under consideration in their countries. The purpose of the
meeting was also to obtain advice from Member States on their needs and interests in the context of
the IAEA’s small and medium reactor programme.

Attendance at this AGM included thirty-five participants and observers from ten countries
(Canada, China, Egypt, France, India, Indonesia, Japan, Republic of Korea, the Russian Federation
and the United States of America). Sixteen presentations were made by the participants on a myriad of
propulsion reactors design and operational experience, and alternative applications (floating and land-
based), as well as on a technical approach for developing small nuclear systems for use in developing
regions and remote areas. Each presentation was followed by general discussion and the AGM
concluded with a round table evaluation of future small reactor technology requirements and
exploration of areas for enhanced international co-operation.

2. SUMMARY OF TECHNICAL SESSIONS

2.1 Ship propulsion reactors: operational experience, new development and alternative
applications

The Russian Federation possesses a powerful ice breaker transport fleet which offers a solution
for important socio-economic tasks of the country’s northern regions by maintaining year-round
navigation along the Arctic sea route.

Progressive design-constructional solutions being perfected continuously during four decades of
nuclear powered ships development in the Russian Federation and well proven technology of all
components used in the marine nuclear reactors give grounds to recommend improved marine nuclear
steam supply systems (NSSSs) of KLT-40 type as energy sources for heat and power co-generation
plants and seawater desalination complexes, particularly as floating installations.

Co-generation stations are considered for deployment in the extreme north of Russia. Nuclear
floating desalination complexes can be used for drinkable water production in coastal regions.

The first nuclear ice breaker was laid in 1956 and commissioned in 1959. This year (1999)
becomes the 40™ in the history of the Russian civil nuclear powered fleet, which consists of seven
nuclear ice breakers and one transport (lighter carrier) ship. Nuclear powered ship reactor
characteristics are presented in Table L.

All Russian nuclear powered ice breakers use a KLT-40 reactor type design, the safety features
of which are as follows:
—  Self-protection, self-regulation and self-limitation of power due to negative reactivity
~coefficients over the whole range of reactor parameter variation.
—  Natural circulation through primary and secondary circuits ensuring heat removal from
the core following the reactor shutdown.
—  The weight of control rods (CR) and the energy accumulated in the compressed spring
of the CR drives assure downward movement from any position at de-energization for



reactor shutdown. It also excludes ejection of absorber rods from the core if racks or
drive casing loose their tightness.

—  The large heat accumulation capability of the reactor gives the operator a large time
margin to analyse emergencies and to organize accident management.

—  Use of passive safety systems.

—  Use of diverse safety systems and redundancy in safety system elements.

—  Wide use of self-actuated devices for initiation of safety system operation, including
reactor shut down, when the most important safety related parameters exceed their
design limits.

—  Use of the containment structure as a special system for keeping the core under water,
and providing for passive heat removal from the reactor following primary circuit loss
of integrity.

TABLE I. NUCLEAR POWER SHIP REACTOR CHARACTERISTICS
Ice breakers

Name of No. of Power Working  Core U> Core life
ship Yearof  reactors MW(th), power, enrich- content of  years
commiss- max. MW(th) ment, % a core,kg
ioning
Arctica 1994
Siberia 1997 2x 120
Russia 1985 2 2x 171 =240 ~36 ~200 ~4a)
USSR 1989 =342 or
Yamal 1992 1x171
Light carrier

Northseaway 1988 1 1x 135 ~120 ~36 ~200 ~4?
a)All core replaced :

The total operating record of the Russian propulsion nuclear reactors under extreme working
conditions (rolling, vibrations, impacts of ice-floes, frequent manoeuvring) exceeds now 150 reactor-
years, while that for the main equipment items on some operating reactors amounted to 125 000 h.
Single failures occurred in individual components of the propulsion NSSSs, but no incidents
associated with chain reaction control violation or inadmissible release of radioactivity occurred. The
failures emerged, as a rule, following expiration of specified service life. Analysis of operating
conditions and metallographic study of damaged elements in a primary circuit has shown that faults
are governed by the following processes: thermocycle loads, corrosion wear, irradiation, and
overpressurization. The main reasons for the thermocyclic effect are: operational transients (plant
heating, cooling down, changes in power level, etc.), cyclic mass exchange between cold and hot
coolant flows, disordered mixing of coolant flows with significantly different temperatures and non-
steady pattern of coolant flow at heat exchange under significant temperature gradient conditions.
Small thermocyclic cracks were revealed in pipes connecting a reactor with pressurizers, in internal
headers for water supply from the purification system to reactor coolant pumps in internal shells of
pumps’ flow chambers, etc. The indicated defects became the reason for in-depth analytical and
experimental studies of equipment operating conditions in the propulsion and test reactor plants,
particularly thermal and strain parameters monitoring.

Some corrosion wear effect was associated, as a rule, with deterioration of a primary water
chemistry condition (as compared to a specified one). In particular, the fact that steam generators were
operated with excessive salt content in feed water, that could be the reason for failures of some steam-
generating tubes and other items of SGs. As a result of irradiation of reactor internals, an increase in



the force required to be applied to movement of reactivity control rods was observed by the end of the
specified lifetime.

Due to systematic work on improvement of equipment and systems optimizations of their
operating modes the reactor plant main equipment specified lifetime has been increased from
(25-30) x 10°hrs for the first NSSSs up to (100-120) x 10°hrs for the modern ones. In order to further
increase this performance indicator, extensive work is currently performed for the inspections of the.
most loaded items in equipment and piping during the decommissioning of the first ice breaker reactor
plant. In particular, samples are cut out from the reactor pressure vessel, the nozzle connecting the
RPV to steam generator the pressurizer, heat exchanger, RPV closure head, pressurizing system pipes,
etc. It is also planned to inspect items of the SG, RCP, CRDM and other key components.
Metallographic tests of cutted-out samples and analysis of obtained results are currently proceeded.
Based on the comprehensive inspection program a decision on extension of running equipment to the
specified lifetime will be adopted, eventually up to the vessel hulls’ service life.

Japan Atomic Energy Research Institute (JAERI) conducted feasibility studies on a concept of a
compact light weight marine reactor for thermal power of 100 MW on the basis of conventional
technologies with three types: an integral type reactor, a semi-integral type reactor, and an integral
type reactor with a self-pressurized pressurizer. At the same time, JAERI surveyed cargo ships and
tankers requirements for a nuclear powered system which could be competitive with the conventional
engines of ships.

The studies revealed that all these reactor system concept designs need to become more compact
and light weight For example, for the Japanese nuclear powered ship Mutsu, the radiation shielding
occupied 70% of the weight of the whole reactor system and the secondary shielding 88% of the
weight of the total shielding. As a result, it is one of the key design considerations for the compact and
light weight reactor to make the radiation shielding component to be as compact as possible.

For the simplification of the reactor system, there is some room for improvement even in the
land-based PWRs. The Japanese designers proposed a simplified PWR concept named JPSR featuring
a full range self-power-controllability and a passive engineered-safety-features-system. They consider
that the simplification of the reactor system is very effective in improving the reliability of the system,
reduced required qualified manpower in operation and maintenance, improving safety and also
reducing construction and operation cost. In order to simplify the system, the JPSR adopts a large
pressurizer, canned pumps, passive residual heat removal system, and eliminates the functions of
volume and boron concentration control system, seal water supply from the chemical and volume
control system (CVCS), and so on.

In the marine reactor, the chemical shim reactor power control system is basically not adopted
thus avoiding criticality due to seawater possibly entering in the case of the ship sinking. In this point,
the marine reactor system is simpler than that of the present land-based PWR. However, necessities of
the system simplification together with application of automatic operation system in the marine reactor
are rather strong under the circumstance of a limited number of operators and the absence of support
from land, which are more disadvantageous than for the land-based PWRs. These circumstances
require the marine reactor system to have less possibility of accidents, to maintain core integrity and to
remove decay heat by a simple and reliable way without manual operation in case of accident. That is,
by some ingenious contrivance so that an accident has no potential to occur or by means of a passive
engineered-safety system.

In order to create an advanced marine reactor system which is lightweight, compact, simple and
safe, JAERI has developed an innovative integral type reactor system named MRX. Several new
technologies are adopted in the MRX to suit the above mentioned proposals: a water filled
containment, an in-vessel type control rod drive mechanism (CRDM), a passive decay heat removal
system and so on. Feasibility of the MRX design concept for a commercial ship was evaluated by
checking compatibility of the systems, and evaluating safety and economics in the whole system. New
technologies adopted in the MRX such as the in-vessel type CRDM have been under development.
The possible output range of the MRX is about 50 to 300 MW(th). The MRX can be used not onlyas a



