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ABSTRACT

NPP with simplified boiling reactors with coolant natural
circulation is developed by RDIPE. Removal of residual heat
releases under any emergency conditions is supposed to be
put into effect with maximum application of passive sistems
and devices.

Simplification of design and as high as
possible application of the passivity
principle in the reactor and safety systems
is one of the ways to enhance safety and
economic competive ability for NPPs,
especially for small and medium size
power generation systems.

NPP with the VK-300 reactor
designed for medium NPPs produces
both power and heat and successfully
implements high degree of simplicity and
passivity.

The reactor is of direct-cycle type with
natural circulation of boiling coolant. An
average coolant enthalpy void fraction at
the core outlet is 12 %.

The reactor integral arrangement,
coolant natural circulation, direct-cycle
flow-chart, as low as possible amount of
equipment located outside of the reactor
vessel (no steam generator, circulation
pump and pressurizer) allow the primary
containment of a very small volume (by
two orders of magnitude smaller than in

PWR) to be used. This, in its turn,
permits heat to be removed from the core
and containment by means of passive
safety systems.

The plant incorporates 2 units.

Basic characteristics of the reactor:

Power, MW
thermal
electric (in the

course of heat
generation)

(under condensation
mode)

Heat generation,
Gcal/h

Steam parameters at
the reactor outlet

pressure, MPa
temperature, °C
flow rate, t/h
moisture content, %
Fuel loading in

terms of uranium, t

750
165

250

400

7.0
285
1370
0.12
31.5
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Uranium 4.0
enrichment, %

Average uranium 43.5
burnup, MW- day/kg

The reactor design (Fig. 1) is given in
[1,2].

The reactor features arrangement of
the control and protection system (CPS)
drives on the reactor vessel cap. It permits
decreasing its height at the expense of
reducing (by approximately the length of
absorber movement) the space between
the vessel bottom and the core. Besides,
the upper arrangement of the drives
obviates the necessity of a large
compartment under the reactor vessel for
extracting the drives for examination and
replacement. The design of the cyclone
separators permits arrangement of the
GPS drive links between them.

Relatively small loading on the
evaporated water surface permits assuring
steam separation from moisture entirely
within the reactor vessel. The separation
occurs in three steps.

The first step of separation
(hydrodynamic one) takes place in the
upper part of the lift pipes. It is well
known that, when steam and water
mixture gets up a vertical pipe, major part
of the water (up to 90%) is in near the
wall layer, moreover, water film
thickness is approximately 20-25 mm.
Special holes in the pipe walls (in their
upper part) are envisaged for draining the
water to the downcomer section. The
water largely drains through the holes to a
cavity between the pipes and then enters
the downcomer section and is directed to
the core inlet.

The second step of separation (gravity-
inertial one) occurs in the upper part of
the lift section - i.e. the space above the
lift pipes. On emerging from the lift
pipes, the steam and water mixture flow
is gradually expanded actually to the
vessel internal wall, simultaneously the
flow rate decreases and major part of

water (by gravity) enters the downcomer
section and is directed to the core inlet,
while the rest part of the water and steam
mixture is fed to the cyclone separator
inlet. Although a certain portion of steam
(-19% from the amount generated in the
core) is entrained in the downcomer, it is
condensed by feedwater supplied from a
header via vertical pipes directly to the
downcomer section.

All in all 55% wt. of the steam and
water mixture emerging from the core is
drained to the downcomer section after
separation steps 1 and 2.

The third step of separation (inertia
one) is realized at the expense of the
steam and water mixture twisting in
cyclone separators. At the outlet from the
separator the steam moisture content is
reduced to the value acceptable for
supplying it to the steam turbine, i.e.
0.1%.

The main advantage of the flowsheet
of in-pile steam separation adopted,
compared with the systems in the BWR
reactors (and SBWR design) consists in
the fact that it reduces hydraulic
resistance and does not necessitate
creating a great lift, which in case of
gravity circulation can be provided only
by increasing the height of the lift section
and, as a consequence, the height of the
reactor vessel.

Systems of passive action are
employed for safety assurance in case of
emergency situation.

So as to maintain the coolant level in
the reactor above the core in case of an
accident involving loss of tightness in the
primary circuit pipelines, as well as to
localize the radioactive coolant and
assure its recycling in the reactor on being
cooled, a primary containment vessel
(PCV) is envisaged, which has quite a
small volume (~ 1500 m3).

The plant siting within a massive rock
permits manufacturing the PCV bottom
part as a cylindrical cavity in the rock
lined with concrete and metallic liner

105



(Fig. 2). The upper part of the PCV is a
ferroconcrete structure bound by tie
beams with the rock. The PCV cap is
metallic. In the middle cylindrical part of
the PCV the reactor is accommodated and
in its periphery annular part - the steam
and water primary circuit pipelines are
arranged equipped with fast-acting valves
and fittings. The valves and fittings in
case of emergency provide cutting off the
primary circuit pipelines from the turbine
and feedwater supply system, which
pennits directing the coolant from reactor
to emergency tank (ET). In case of the
pipelines loss of tightness inside the PCV
the coolant is fed under water layer to the
ET via a pipeline (not equipped with
valves and fittings) connecting the PCV
cavity and ET. Another pipeline laid
inside the PCV serves for the condensate
return to the reactor.

In case of in-house power loss or
primary circuit pipelines loss of tightness
beyond the PCV, the coolant is fed from
the reactor to the ET, but to the surface
heat exchanger, and on being cooled, is
returned to the reactor.

Heat removal to the final absorber -
atmospheric air - occurs via an additional
water circuit, one of its heat exchangers
being located in the ET, the other one
(water-air) - in the air pit in the rock.
Circulation occurs by gravity.

Thus, in case of a standard set of
design basis accidents the passive
emergency cooling systems assure a
reliable cooling down of the reactor

unaided by operator during an unlimited
time period.

The function of the plant protection
from external effects (fall of an aircraft,
acts of terrorism) and confining of
radioactive gas releases within the plant
(as a result of large accidents) is assured
by the plant siting in underground
tunnels, separated from the atmosphere.

Results of numerical analysis are also
given for design and representative severe
accidents. It is shown that probability of
severe fuel damage does not exceed
2x10" 1/reactor.year (according to the
International Nuclear Events Scale it is an
accident of less than the fourth level -
within an NPP).

The cost-efficiency analysis of an NPP
for the Krasnoyarsk Mining and
Chemical Combined Factory
demonstrated that specific investments to
such NPP are substantially lower than
those to an NPP with advanced PWRs.
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LEGENDS OF FIGURES

Fig. 1. VK-300 reactor
1 - CPS drive; 2 - Reactor cap; 3 -

Separators; 4 - Reactor vessel; 5 -
Upcomer tubes; 6 - Core barrel; 7 - Fuel
assembly; 8 - Iron-water shield; 9 - Core
baseplate.

Fig. 2. Primary containment vessel and
emergency cooling systems of the reactor.
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