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ABSTRACT. The state-of-the-art of a small modular nuclear reactor concept with
suspended core is presented. The reactor design is based on fluidized hed concepl and
utilizes pressorized water reactor technolopy, The foel js sutomatically removed from
the reactor by gravity wnder any accident condition. The reaclor demonyiraies the
characteristics of inherent safely and passive cooling. Here two options for miodification
o the original desipn are proposed in order to increase the stability and thermal
efficiency of the reactor. A modified version of the reactor involves the choice afl
supercritical steam as the coolant to produoce & plant thermal efficiency of about 40%.
Another is to modify the shape of the reactor core ta produce a non-fluctuating bed and
tonsequently puarantee the dynamic stahility of the reacor. The mixing of Tantalum in
the fuel is also proposed as un additional inhibition to power excursion. The spent fuel
pellets may not be considered nuclear Wwaste since they arc in the shape and size that can
casily be used as a u radioactive source for food irradiation and industriul applications.
The reactor can easily operate with any desd red porosity in order to be a plutonium
burner or utilize a thorium fel eyele,

L. INTRODUCTION

None of the energy resources alone is a panacen. The solution to the ever
increasing demand for energy to satisly the needs of growing world population and
improving its standard of living lies in the combined utilization of all forms of eneryy,
Nuclear energy produced safely will have an important role in solving the world energy
problem. The public objections 1o nuclear energy most often expressed are reactor
safety, cost and noclear waste disposal,

A small inherently safe nuclear reactor concept has been proposed (1-2). This
reactor is truely modular in design such thai any size reactor, rather than the plant, can
be constructed from the basic module, The reactor uses the light water reactor
techoology and promises to fulfill the objectives of design simplicity, inherent and
passive safety, economy, standardization, shop fabrication, easy transportability and
high availability. The inherent safety characteristic of the reactor dispenses with the
need for containment: however, a simple underground containment s envisaged for the
reactor in order to reduce any 2dverse visual impact.

2. INHERENT AND PASSIVE SA FETY FEATURES

It is very desirable to develop inherently safe nuclear reactors whose safety is
inherent and easily demonstrable, and does not depend on the interference of safery
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devices which have some probability of failing, or on vperstor skills and good judgment,
which could vary considerably. True inherent safety exists when no mechanical or
human intervention is required to shut down the reactor safely. AH current reactors
need to include safety systems to remove decay or residual heat produced after the chain
reaction in a reactor has ceased. It is this decay beat that threatens 10 produce the most
serious of nuclear accidents namely the core melt. The inherently safe reactors are
transparently incapable of producing a core melt. They are "forgiving" reactors, able to
tolerate human and mechanical malfunctions without endangering public health. Alse
they are called "walk away"” reactors as the key feature of these reactors is their reliance
upon passive or non-mechanical, safety systems,

According to the International Energy Agency's definitions (3), "Inherent safety
is & characteristic that refers to the elimination of a specified hazard by means of the
choice of material and design, through the laws of nature only" and "Passive safety
system is a system composed of passive components and siructures. A passive
component is one which does not need any external input to operate. It may experience
a change in pressure, temperature, radiation, fluid level, and flow in performing its
function. The function is achieved by means of static or dormant unpowered or self-
acting means”,

It is noted that a nuclear reactor can never be completely inherently safe because
it contains large gquantities of radioactive materials as the result of its inherent
mechanism for generating usable heat and energy. Nuclear reactors can be made,
however, inherently safe against many types of nccidents that can change the integrity of
barriers that retain radioactive materials. Inherent safety may also limit the maximum
possible consequence of a reactor accident. If energy release during an accident is slow
and the number and type of volatiles or aerosols carrying relessed radionuclides is
limited, the maximum possible release of radioactivity after an accident, including core
meltdown, will be limited.

There are only four significant sources of energy in a reactor accident: nuclear
power excursion, thermal reactions (steam explosion), chemical reactions
(zirconium/water and core/concrete), and radioactive decay heat. The first three can be
limited or controlled by proper selection of materials - a form of inherent safety, The
fourth energy source, decay heat, is a slow and inherently restricted form of energy
release.

Passive safety, by itself, does not ensure a high level of safety. A poorly designed,
built, and maintained passive safety system may not offer as much protection as a well-
designed, -built, and -maintained active safety system. Passive safety systems have the
potential to achieve higher levels of safety if properly designed and built. Preservation
of fuel integrity is sufficient condition for ensuring the safety of the public. Preservation
of fuel integrity under all conceivable conditions is the goal.

The incentives for inherently safe reactors is as follows: (1) They should be Jess
expensive than existing reactors since there is no need to build the balance of plant to
“safety grade” standards, containment can be reduced or eliminated and the units can
be centrally fabricated rather than field fabricated. (2) Siting is more flexible, urban
siting may even be possible, making electricity and steam generation economically
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