
XA9744087

THE FLOATING NUCLEAR POWER PLANT WITH HIGH SAFETY
("CRUISE-M")

B.F. GROMOV, V.N. STEPANOV, G.I. TOSHINSKY, V.V. TCHEKUNOV
Institute of Physics and Power Engineering

V.S. STEPANOV, M.P. VAKHRUSHIN
Experiment and Design Bureau "Gidropress

V.I. KIRYUKHIN, V.P. MALTSEV
United Production Enterprise "Kaluga Turbine Plant

B.M. KOZLOV, K.A. LANDGRAF
Special Marina Design Bureau "Malakhit"

Russian Federation

Abstract

The results of conceptual development for a floating nuclear power plant (FNPP) of 50 MW(e) with a
nuclear steam producing unit (NSPU) based on a fast reactor with lead-bismuth coolant were presented. A
lead-bismuth coolant has a number of important safety advantages and it was developed in Russia for
nuclear-powered submarines. This FNPP could be used as a power source for seawater desalination and
electricity supply.

1. INTRODUCTION

After the Chernobyl accident, intensive development of new nuclear power plant
concepts has been initiated all over the world. The safety of these plants is primarily based on
the reactor's inherent fail-safe characteristics, allowing the most severe accidents to be
deterministically eliminated not only in case of safety system failures and operator errors, but
also in case of ill-intentioned actions, natural calamities, terrorist attacks, etc.

Fast neutron reactors cooled with liquid-metal coolants fall into this category of
reactors whose safety is mainly provided by their inherent fail-safe features. This is a result of
a number of typical fast reactor characteristics.

These characteristics, which include a lack of neutron poisoning effects, a low
negative temperature reactivity worth coefficient, and compensation for fuel burn-up and
fission product formation by plutonium build-up, make it possible to have a low operational
reactivity margin and to minimize the risk of reactivity accidents.

Russia possesses unique experience in the development and use of lead-bismuth
coolant. This experience has been gained through the development and operation of marine
reactors using this coolant. The scientific supervision of this work was carried out by IPPE
and the design by EDB "Gidropress".

2. THE CHARACTERISTICS OF A LEAD-BISMUTH COOLANT FAST REACTOR

To achieve a high degree of reactor plant (RP) safety, the choice of primary circuit
coolant is of great significance because it determines, to a great extent, the main technical and
economic characteristics of the RP design and its facilities. A lead-bismuth coolant has a
number of important safety advantages. This coolant was developed in Russia for
nuclear-powered submarines.
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First, lead-bismuth demonstrates a high boiling point (1 670°C) that eliminates the
possibility of a reactor thermal explosion caused by internal pressure, even when heated to a
very high temperature. The high boiling point actually rules out the possibility of coolant
boiling in the most stressed fuel sub-assemblies, even in case of severe beyond design basis
accidents. The void coefficient of reactivity for lead-bismuth coolant is negative.

The high boiling temperature also makes it possible to prevent over-pressurization of
the primary circuit due to overheating and to prevent the loss of coolant which would
otherwise result from boiling and evaporation in the event of a large circuit loss of tightness.
This makes it possible to prevent heat transfer crises and increase the reliability of core
cooling.

A low primary circuit pressure permits the use of a fuel pin design with a clearance
between the fuel and cladding calculated on the basis of fuel swelling without cladding load,
increasing fuel element performance.

The lead-bismuth low chemical activity eliminates the possibility of fires and
explosions in the event of a loss of coolant accident, the coolant leakage into the reactor
room, steam generator tube leakage and liquid metal-water reactions. It is possible to
implement a two-circuit reactor design and improve its technical and economic
characteristics.

The low volume decrease with solidification and relatively high plasticity of
lead-bismuth alloy permit, when necessary, a planned regime of "solidifying-melting" without
deformation and damage to the reactor components.

The use of liquid metal coolant in combination with a monoblock reactor design
allows passive decay cooling (when all other possibilities for decay cooling have been lost)
through the reactor vessel to the naturally circulating air surrounding the vessel. This avoids
excessive core overheating which would damage the core. It provides an additional barrier of
protection while transporting the FNPP.

The features of the liquid metal cooled reactor, including the shutdown characteristics
determined by reactor physics, the inherent safety and the reactor location in a strong leak
tight containment, make it possible to set a minimum exclusion zone radius around the FNPP
and to predict a minimum ecological damage under emergency conditions caused by natural
calamities and terrorism.

These factors, together with the possibility of FNPP disposal at end-of-life or in the
event of emergency failures without any significant environmental impact, make the FNPP
highly acceptable from a social point of view, and make it possible to be located near large
cities. Due to high fuel burn-up (10%) a fast reactor has a core lifetime without refueling of
about 100,000 hours at a full power of 100 MW(th) with a 235U loading of 1,100 kg at 18%
enrichment. The parameters which determine the primary circuit and the reactor materials
performance, the maximum temperatures, the coolant velocity, the core power density, the
fast neutron fluence and the burn-up fraction are assumed to be equal to or less than the
parameters usually observed in the course of long-life operation.
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3. THE FLOATING NUCLEAR POWER PLANT

The main characteristics of floating nuclear power plant are as follows:

length 49.5 m

width 16.0 m
board height 12.0 m
average draught 8.0 m
displacement 5 000 t
staff members 30

The turbine generator unit (TGU) is based on proven technology. The TGU design has
the following characteristics: the inlet saturated steam temperature is equal to 270°C at a
pressure of 55 bar (abs), pressure in the condenser is 5 bar (abs), the steam flow rate is
approximately 140 t/h and the rotation frequency is 3000 rev/min.

The following FNPP production capacities were achieved in the design using two
nuclear power units:

- electrical capacity, MW(e) - 25
- rated flow of desalinated water, m3/day - 80 000

4. EXPERIENCE

Studies on the eutectic lead-bismuth alloy and its utilization in nuclear power in
Russia have been carried out since 1952. During this period all of the principal problems were
solved, such as the development of reactor installations with this coolant, problems of heat
exchange and hydrodynamics, coolant technology, corrosion resistance, mass transfer, and
many others.

In particular, radiation safety problems in connection with the production of 210Po
have been solved. As a result, even with many years of lead-bismuth-cooled reactor operation
and under conditions which included primary circuit equipment repair and cleanup of leaked
lead-bismuth alloy, there have been no cases of personnel radiation exposure above
permissible limits.

A good experimental base equipped with unique facilities has been created. Several
industrial nuclear power installations (NPI) have been constructed. These have been used to
develop allowable operating regimes, to carry out representative equipment testing, and to
resolve reactor installation repair and reloading problems. The total operating time of NPIs
with lead-bismuth coolant is approximately 80 reactor-years.

In the course of this work, highly skilled groups of researchers and operating staff
have been formed, capable of carrying out in minimum time the development of reactor
installations using lead-bismuth coolant.
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