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Abstract

This paper summarizes the design and performance characteristics at the BN-600M
nuclear power plant as developed at this stage of the advanced conceptual design. The
approaches being taken in the design in order to meet modern safety standards also outlines.

1. INTRODUCTION

The concept of nuclear power development in the Russian Federation was approved
by the Minatom Board on July 14, 1992 [1]. This concept determines the general goal of the
programme, its main tasks within the determined time period, the main stages of programme
implementation, primary NPP projects, considers conditions of the NPP fuel supply and
proposes various options of nuclear power development including fast reactors.

The analysis of the design and operating experience, the assessment of the state of
research and test-design work and the possibilities of improving the economic and safety
characteristics and the prediction of prospects for the commercial use of fast reactors in the
Russian Federation could be summarized as follows:

the structural-layout and circuit designs worked out for the equipment and systems
and verified by operating experience demonstrated the maturity of the technology of
sodium-cooled fast reactors. In regard to operating indicators the BN-600 has reached
the level of commercial reactors;
the design and licensing of the BN-800 project have been completed and the
conditions have been created for building the fourth power unit of the Beloyarsk Plant
and three units of the South Ural Plant with BN-800 reactors;
the large-scale commercial introduction and creation of a two-component nuclear
power system on the basis of fast and thermal reactors are linked today with the
development of the next-generation intermediate power BN-600M reactor. The project
for the improved BN-600M ensures the economic competitiveness of fast reactors
with light-water reactors.

2. DESIGN OVERVIEW

The BN-600 is of middle size advanced nuclear power concept that combines
application of high degree proven design solutions from: previous LMFR projects BN-600
and BN-800, and new design approaches. Key design features which have been validated by
the experience of BN-600 construction and operation are:

pool type-reactor design;
bottom support of the reactor vessel;
use of main equipment: PSPs, SSPs, IHXs, in-vessel handling system, CRDMs and
fuel subassemblies from BN-600 reactor.
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Fig. 1. General view of BN-600M Reactor
1 - core; 2 - intermediate heat exchanger; 3 - in-vessel shielding; 4 - rotating plug; 5 - main
primary pump; 6 - main reactor vessel; 7 - reactor guard vessel; 8 - core catcher; 9 - reactor
vessel support; 10 - in-vessel support structure
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New design approaches are also here listed as follow:

completely integral primary radioactive circuit due to cold trap location inside of the
reactor vessel;
two loops primary cooling system: two PSP and four IHX;
core design with zero or negative sodium void reactivity coefficient;
bellows for compensation of thermal extension of secondary piping system.

Figures 1 and 2 show a cross-section at the BN-600M reactor.

A brief description of reactor features is given below. The core has a negative sodium
void reactivity effect due to the introduction of sodium plenum and boron carbide shielding
instead of upper axial blanket. An additional group of absorber rods is used for reactor

4 3 2 1

Fig. 2. Cross sectional view of BN-600M reactor
1 -primary circuit pump; 2 - DHRS heat exchanger; 3 - intermediate heat exchanger; 4 - cold
trap; 5 -fuel assembly loading-reloading elevators
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shutdown. They act according to the passive principles and drop into the core when the
coolant flowrate decreases to 50% of nominal value. A catcher is arranged under the core
to contain components if the core would be destructed during beyond design accidents. The
catcher was adopted to hold core fuel, melted steel and uranium dioxide of the lower axial
blanket. In vessel shielding includes: in radial direction removable assemblies of boron
carbide and steel, neutron reflector of steel, then several rows of tubes filled with boron
carbide. Using in the shielding assemblies of boron carbide allowed to reduce heat generation
in fuel subassemblies (FAs) of the in-vessel store and to cool them by natural convection of
sodium from inter-assemblies space. The assemblies of boron carbide are cooled in the same
manner.

Three rotating plugs are used to ensure FAs handling. This provides a symmetrical
arrangement of the above structure system (ASS) relative to the core. Therefore, coolant
streams around the ASS will be symmetrical as well. The first loading of the core is
supposed to use MOX fuel. Main characteristics and core layout are given in Table 1 and
Fig. 3 respectively. Besides the above-mentioned features, a number of new engineering
decisions described below, are used in BN-600M design.

TABLE I. MAIN CHARACTERISTICS OF THE CORE

Characteristics Value

Core height, mm
Number of FAs:
- core
- radial blanket
Number of shield subassemblies:
- boron carbide
- steel
Number of absorber rods:
- active
- passive
Number of positions in in-vessel store
Size of the FA duct, mm
Number of pins in the FA
Size of the fuel pin, mm

Maximum burnup, % ha.
Refuelling interval and residence
time, eff
Maximum linear heat rating, kW/m

880

469
84

170
226

27
3
252
96x2
127
6,9x0.55
1 stage 2 stage
12,7 15,8
4x150= 5x150
600 750
45,0 46,3

The primary cooling system has two loops, because only this arrangement can locate
heat exchangers of the Direct Heat Removal System (DHRS) and cold traps inside of the
reactor vessel. When heat removal through steam generators is lost, residual heat is removed
through DHRS consisting of four independent channels, Each channel includes a sodium -
sodium heat exchanger built-in the primary circuit, an air heat exchanger, pipelines, an air
damper and a vent stack. Each channel capacity is 15MWth. It allows to remove heat by two
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Fig. 3. Core layout of BN-600M reactor
1 - inner core zone; 2 - outer core zone; 3 - absorber assemblies; 4 - radial blanket; 5 -
stainless steel shield assemblies; 6 - carbide boron shield assemblies; 7 - in-vessel storage
positions

channels without loss of integrity of fuel pins over design basis limits. Cold traps for sodium
purification are arranged in the reactor vessel so as to exclude branched pipeline system with
radioactive sodium beyond the reactor tank and reduce leak probability. At the inlet of
primary pumps there is a common chamber which was introduced in terms of safety. Indeed,
such arrangement eliminates pressure increase under the strongback in case of a feeding pipe
rupture. Neutron flux monitoring chambers are located in the reactor vessel. This improves
control reliability, excludes hollow tanks in the vessel and served to increase neutron flux on
chambers for their ex-vessel shield design. Number of in-vessel storage positions is increased
to store FAs during two refuelling intervals. Together with additional shielding, it allows to
decrease decay heat in FAs before refuelling to 15W and transport them to the cleaning
facility without storage in ex-reactor store which is expelled from equipment of the handling
system.
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3. MAIN FEATURES OF THE NPP

The NPP with BN-600M reactor is designed as monoblock of reactor-turbogenerator.
To provide seismic resistance of the nuclear island, the reactor building together with
auxiliary systems rested entirely on a single foundation. The reactor with systems important
for safety are preserved from external events by the containment (Fig. 4.). The reactor is
located in a cavity, the roof of which is an Upper Fixed Shield (UFS). There are several
holes in the UFS for stub tubers to pass through the large rotating plug, pumps, IHXs, cold
traps, in-vessels handling machine and other equipment. A two-liner of the concrete vault
above the UFS goes into a air-tight shell. Inside the shell, CRDMS, electric motors of the

Fig. 4. Cut view of the reactor building
1 - reactor vessel; 2 - air-tight shell; 3 - air-sodium exchanger; 4 - containment; 5
secondary circulating pump; 6 - steam generator
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main primary pumps and mechanisms of the in-vessel handling system are located. The air-
tight shell serves as an additional barrier for retention of radioactivity. Sodium-air heat
exchangers of the DHRS are arranged into separate boxes connected to the containment
symmetrically relative to the reactor building. Mechanisms of ex-vessel handling system
adjoins upper part of the reactor. The system provides transfer of fresh FAs to the ramp and
irradiated FAs to the cleaning facility and for storage. Arrangement of the secondary circuit
depends in a great extent on SG type. For module design of SG as used in BN-600, the
secondary circuit includes two loops, each of them has ten modules. Each module consists
of an evaporator and a superheater. For vessel-type design of SG, the secondary circuit
includes four loops and each of them has: a SG, a pump, and IHX and pipelines. BN-600M
technical data compared with BN-600 are presented in Table II.

TABLE II. REACTOR PLANT MAIN CHARACTERISTICS

Characteristics

Reactor power, MWth
Power unit output, MWe:
- gross
- net
Number of primary loops
Parameters of primary circuit:
- hot leg sodium temperature, °C
- coolant flowrate, t/h
Parameters of secondary circuit:
- hot leg sodium temperature °C
- cold leg sodium temperature , °C
- sodium flowrate, t/h
Parameters of water-steam:
- feed water temperature, °C
- superheated steam temperature, °C
- steam pressure, MPa
- steam flow, t/h
Steam reheating
Refuelling interval, effd
Refuelling outage, day
Design plant capacity factor
Thermal efficiency, gross %
Design lifetime, years
Seismic stability, magnitude on
MSK scale,

Specific weight of reactor
plant, t/MW

BN-600M

1520

647
595
2

550
25590

515
345
25300

240
495
13,7
2411
by steam
150
12
0,85
42,5
60

8

8,23*

BN-600

1470

613
564
3

550
24000

518
328
21900

240
505
13,7
1980
by sodium
150-165
12
0,80
40,7
30

7

13,0**

* - When using vessel-type SG ** - When using module-type SG

4. SAFETY DESIGN APPROACH

Enhancement of the reactor plant safety is provided through the following design
decisions. A sodium plenum and boron carbide shielding is introduced instead of the upper
axial blanket, to exclude positive sodium void reactivity effect in case of sodium boiling.
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Residual heat under accident conditions is removed through heat exchangers built-in
directly into the reactor tank.

If absorber rods with drive mechanisms faile, the reactor is shutdown by additional
group of hydraulically suspected rods.

Ionization chambers are placed into the reactor pool to improve neutron flux
control.

Branched pipework beyond the reactor vessels is eliminated due to cold traps are
located in the reactor pool. The reactor plant is seismic resistant up to magnitude 8 on MSK
Scale-Safe Shutdown Earthquake. According to preliminary assessment the probability of an
accident with severe core damage is less than 1 E-6 per reactor year.

5. BN600M ECONOMICS

An important goal of advanced fast reactor plants is to attain their competitiveness
with other sources of electricity production, maintaining high safety level. This goal regards
BN-600M is supposed to reach by the following procedures: (1) to use a maximum degree
of design and engineering decisions adopted for previous reactors and proved by experience
of their long operation period; (2) to reduce expenditure of materials for in vessel shield and
FAs handling system by excluding a drum to store irradiated FAs and layout optimisation,
and (3) to reduce the weight of equipment and systems of the primary circuit by cutting
number of heat removal loops and housing cold traps in the reactor pool, and equipment of
the secondary circuit by layout optimisation and usage of vessel-type SG. The specific
weight of BN-600M for the alternatives with module-type and vessel-type SGs is reduced by
1.25 and 1.58 times respectively compared with BN-600.

Design value of maximum fuel burnup is increased up to 12.7% ha (1 phase) and
15.8% ha (2 phase) that is assumed to be realistic on the basis of data obtained for
experimental FAs with MOX fuel.

The results of engineering and economic analyses showed that efficiency of the reactor
unit is raised through lowering all components responsible for the high electricity generation
costs:

capital costs by reduction of specific weight of the reactor equipment;
fuel cycle cost by fuel burnup increase;
operating experiences by cutting down the plant staff due to automation of
technological processes and reduction in number of operations for the reactor
refuelling and equipment replacement resulting from improvement of its reliability.

6. FUTURE ACTIVITIES

During the next phase of the design development it is planned to continue in
improving the reactor equipment and systems for reduction of specific weights and
dimensions, namely:

module-type SG as regards the number of modules, tube length and arrangement of
tube bundles;
arrangement of the secondary circuit pipework to shorten length of pipelines;
outer handling zone without a handling and washing boxes which have large weight
and occupy vast area;
more light flasks for replacement of the primary circuit equipment.
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e x t r L / ^ T " e n t , f* D ? R S aS a Wh0le Using in water and sodium test facilities-
experimental tests of large diameter bellows for secondary piping system-
testing of cold trap models installed directly in primary circuit-
experimental tests of vessel-type SG design-
experimental investigations for perfection of reactor equipment (pumps, IHX
mechanisms of handling system, CRDM, etc.).

Further reactor plant parameter revising is not excluded, especially power level in
connection with the core concept variation that will be probably intended for plutonhim
consumption of minor actinides destruction. pmtomum
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