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ABSTRACT. Nuclear power is an integral part of the USSR power industry. At present,
about 12% of the country's electricty is produced by nuclear power plants, saving about 70
million tons per year of equivalent fossil fuel. The FEC analysis reveals that any acceptable
solution of the energy supply problem and limitation hazardous ecological effects cannot be
achieved without appropriate development of nuclear energy capacities, with the necessary
safety level ensured. The thorough comparative analysis of nuclear power development in the
USSR, taking into account the economic factors and ecological consequences of power
delopment shows that nuclear power capacity has to be systematically increased — up to 56
million kW by the year 2000, and 9S-1S0 million kW by 2010. The main condition for this
expansion is the enhanced nuclear power safety. This development has to be competitive with
the ecologically acceptable coal power plants operating in the European part of our country.

NUCLEAR POWER IN THE ENERGY
STRUCTURE OF THE USSR
The significant changes in the power industry
structure toward energy-saving technologies will not
offset the expected increase in energy demand over
the next few decades, particularly the demand for
electricity.

Nuclear power (NP) is an integral part of the
power industry. At present 12.5% of our country's
electricity is produced by nuclear power plants,
saving about 70 million tons per year of equivalent
fossil fuel. Figure 1 illustrates the development of
nuclear power in the USSR. The state of the art
analysis of our power industry and prospects for its
future development reveal that any economically
acceptable energy supply system with limited
ecological effects cannot be achieved without further
development of nuclear power with the necessary
safety level ensured. Figure 2 lists the areas of NP
utilization in the USSR.

However, the character of NP development after
the Chernobyl accident became very uncertain. For
the Soviet Union, the Chernobyl disaster has become
not only a new reference point in NP development It
also forced the revision of the main Energy Program
statements, which were based on the concept of
increased electricty generation, preferably due to
accelerated development of NP in the European part
of the country. The pre-Chernobyl plans suggested
that by the turn of the century the installed NP

capacity would be more than one third of the total
energy capacity of the country.

The accident at the Chernobyl power plant
generated wide opposition to NP development. There
is an increasing negative attitude of the public to
nuclear power, including some authoritative
scientists, officials and the mass media. Opponents
to NP point out insufficient safety level of operation,
slow development of new generation plants with
enhanced safety designs and the unsolved problem of
radioactive waste disposal. All these results in
radical revision of nuclear power policy. The
construction of nuclear power plants (NPPs) with
total capacity of 25 million kW, planned to begin
within the next five years, was postponed.
Construction of nuclear power plants in the South
Ukraine, the Tatar and other locations was
suspended; construction of NPP's in Kursk and
Smolensk was stopped. As a result of the new
changes, the total NP capacity in the Ukraine, North
Caucasus, Transcaucasus and the North-East regions
will be lower than originally planned.

In the discussion on the development prospects of
our national economy and power industry various
scenarios are considered, including a long-term
moratorium on nuclear energy utilization. In this last
scenario, use of natural gas, coal and renewable
energy sources are considered as compensating
measures.

In the absence of realistic estimates on costs
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Fig. 1. Development ofNPPs in the USSR

associated with energy resources development, it is
difficult to carry out any long-term comparative
economic analysis. Consequently, strategic planning
of the optimal development stnicture is complicated
and the future objectives of the power industry and
national economy are unclear.

The economic and political reforms which are
taking place in the Soviet Union will inevitably lead
to an economic correlation between work input and
cost; thus, they will permit a more adequate
estimates of the economic competitiveness of various
energy producing industries. Fuel prices, capital
investment and operation costs of various power

• Electricity Generation

• Heat Generation:

-District Heating

-Industrial Applications

-Process Heat

• Remote Regions Energy Supply

(Siberia, Northern Areas)

Fig. 2. Areas of nuclear pova- utilization in the USSR

plants should be correlated with world market prices
under the conditions of normal market economy.

Over the past 10-15 years the cost of nuclear
electricity production in most countries has been
noticeably l o w c than that produced by using fossil
fuel. Only the USA and Canada have some coal
power plants which produce electricity cheaper than
NPPs. In general, power plants operating with fuel
oil and natural gas have higher electricity prices than
those using coal. Thus, from an economic point of
view, the advantages of nuclear power development
in the European part of the USSR are beyond any
doubt. Nuclear district heating also seems to be
economically justified in this region. However, the
NP industry must be developed taking into account
not only economic but also ecological aspects.
Nuclear power must also be socially acceptable by
both the population of the region and the whole
society.

Under norm*! operating conditions, nuclear power
is characterized by almost complete absence of toxic
material discharges and combustion process
products. The level of radioactive leakage into the
environment is low. Also radioactive contamination
•s much lower than the sanitary and hygienic limits
established. Nuclear power production has a
relatively low health ;isk compared with other
energy sources, taking into account the whole fuel
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and production cycle. The effect of nuclear power on
natural resources (thermal effect, land alienation) is
comparable with that of fossil fuels.

As for thermal power generation plants based on
fossil fuels, pollutants discharge is so high that it
leads to some serious negative effects on a local,
regional and even global scale. The latter implies a
change in the earth's thermal balance due to carbon
dioxide emissions and dr-st discharges.

In spite of all advantages there is a strong public
opposition to nuclear power. The key reason of the
negative and even hateful attitude towards the
nuclear power is that people believe it poses risk of
accidents wiih radioactivity release. The main
condition for nuclear power development is,
therefore, the assurance of public safety in accidental
situations.

The NPP safety requirements should be specified
by analyzing risks of severe accidents and their
social and economic effects. The social criterion is
based on the assumption that even one severe
accident anywhere in the world, in the foreseeable
future, would destroy forever public confidence in
nuclear power. The economic analysis suggests that
the risk of financial penalty due to an accident in a
nuclear unit should be much less than the profit from
the energy produced. Figure 3 illustrates the
conditions for safe nuclear power development NPP
safety level, i.e., the probability of severe accidents
obtained from the analysis of social and economic
criteria was stated as:

• the probability of a severe accident with core
melting shall not exceed 1 0 s per reactor per
yean

• the probability of a significant release of
radioactive products from the containment
during a core melting accident shall not be
higher than 10"7 per reactor per year.

Rick of Severe Accidents

• Basic Criteria:

-Social risk

-Economic effects

• The probability of severe accident

-Disruption of the core

P <J0'5 Jlreactor • year

-Exceeding the radioactive

release limits

P<10'71/rtactor • year

This is a real and technically feasible goal for new
generation NPPs. It can be achieved both by
improvement of the current WER-type reactors and
by development of alternative concepts of nuclear
reactors with inherent safety features and high level
of self-protection. These concepts are evaluated by
specialists at various scientific centers both in our
country and abroad. Their commercialization will
require considerable expenditures, but it will enable
rhe nuclear power safety problem to be cardinally
solved.

Social acceptability of NP requires a technological
level comparable with the current world's highest
standard. This will lead to a high safety level and
will strengthen public confidence in nuclear power
technology. It is also necessary to carry out an
extensive explanatory campaign to establish strict
inspection and licensing procedure, as well as to
develop a support system to municipalities with NPP
sites.

Comparative analysis of nuclear power
development in the USSR, considering both
economic factors and ecological consequences of
power development, shows that NP capacity has to
be systematically increased — up to 56 million kW
by the year 2000 and 95-150 million kW by 2010.
Prime conditions for this development are an
improved safety design and competitiveness of NPPs
with the ecologically acceptable coal power plants,
which are operating in the European part of the
country.

STATUS OF NUCLEAR POWER IN THE USSR
Table 1 presents the status of nuclear power
generation in the USSR. As of January 1991, 46
power units are in operation at IS Soviet NPPs. Their
total installed capacity is 36,560 MW. The rate of
introducing new capacities slowed down after the
Chernobyl accident in 1987 four power units were
put into operation, only one in 1988, two units in
1989 (Zaporozhye, unit No. 5; South-Ukraine, unit
No. 3) and again only one unit in 1990 (Smolensk,
unit No. 3). All power units introduced are equipped

Table 1. Nuclear Paver: Status as of January 1,1991

Status No. No. Total installed
of Plants of Units capacity (MW)

Fig. 3. The conditions for safe nuclear power development
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with a VVER-1000 reactor. In the first half of 1989,
two power units with VVER-440 were shutdown at
the Armenian NPP; two similar units were shutdown
in 1990 at Novovoronezh (unit No. 2) and Beloyarsk
(unit No. 2).

In accordance with unit type, the installed powe?
is as follows:

• VVER-1000, 16 power units.
N i n s t .* —16,000 MW

• VVER-440, 8 power unto.
N ins t — 3,412 MW

• RMBK-1000, 14 power units.
N i n s t —14,000 MW

• VVER-1500, 2 power units.
N i n s l — 3,000 MW

• EGP-6, 4 power units.
N i n s t . - 4 8 M W

• BN-600, 1 power unit.
N inst .— 600 MW

Another power unit with a BN-3S0 reactor is in
operation in the city of Shevchenko; it is used for sea
water desalination. Table 2 lists NPPs with
VVER-440 reactors currently in operation. Table 3 is
a similar list for plants with RBMK reactors.

The power units at all nuclear power plants are in
stable operation under base load conditions. The
Bilibin NPP is also stable under load-follow
operating conditions, covering the regional needs in

Table 2. Operating nuclear power units with WER-440
(Type B-230,179)

NPP location Connection to the network
Novovoronezh NPP

Unit 3
Unit 4

Kola NPP
Unitl
Unit 2

NordNPP(inGDR)
Unitl
Unit 2
Unit 3
Unit4

Kozloduj (Bulgaria)
Unitl
Unit 2
Unit 3
Unit 4

Bogunitze (Czechoslovakia)
Unitl
Unit 2

1971
1972

1973
1974

1973
1974
1977
1979

1974
1975
1980
1982

1978
1980

electricity and heat. The electricity output of all
Soviet NPPs reached: 186.9 million MWh in 1987;
212.6 million MWh in 1989 and 211.5 million MWh
in 1990. This amounts to 12.5% of the total electricity
generated by all power plants in the country (Table
4). The share of nuclear electricity production in the
world's industrialized countries is much larger and
varied in 1988 from 19 to 75% (USA — 19.1%,
France — 75%). Among the 26 countries operating
NPPs, the USSR is only 18th in the amount of nuclear
electricity produced. It should be noted, however, that
in the more industrially developed regions of the
USSR a nuclear electricity output in 1990 reached
higher values. For example, the share of nuclear
electricity produced is as follows: the United Energy
System (UES) Volga region — 16.7%; the UES
Center—21.7%; the UES North-West — 33.1%; the
Ukraine — 22.7%. In 1990, as in previous years,
nuclear electricity was mainly produced by the
RBMK and VVER reactors. The load factor of NPP
units in the world's developed countries and in the
USSR are about at the same level, varying from 60%
to more than 70%. Experience shows that the

Table 3. NPPs with RBMK reactors

NPP

LNPP

KNPP

CNPP

SNPP

MPP

LNPP
SNPP
CNPP
KNPP
INPP

Unit

1

2
3
4
1
2
3
4
5

6

1
2
3
4
1
2
3
4

1
2
3

Type Commissioning

1000(1)

1000(1)
100001)
1000(11)

1000(1)
10000)
1000(11)
1000(11)
1000(11)

1000(11)

1000(1)
1000(1)
1000(11)
1000(11)

1000(11)
1000(11)
1000(11)
1000(11)

1500(11)
1500(11)
1500(11)

— Leningrad NPP
— Smolensk NPP
— Chernobyl NPP
— Kursk NPP
— IgnalinaNPP

12.1973

7.1975
2.1980
2.1981

12.1976
12.1978
10.1983
12.1985

9.1977
12.1978
12.1981

11.1982
5.1985
5.1990

12.1983
9.1986

Notes

Backfitted in
loon

Find stages of
construction
Construction
closed down

Accident in 15S6

Construction
closed down

Construction
closed down
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Table 4. The slate of nuclear power in the USSR

Parameter
Total NPPs electricity output (mln MWh)
NPP share in total electricity output (%)
Installed capacity utilization, ICU (%)
Number of unplanned shutdowns (per 1 reactor-year)
Number of shutdowns by personnel faults (total)

UEPS*

Center
North-West
Ukraine

1986
160.8
—
67.4
—
—

1987

187.0
—
69.5
5.56
69

Share of NPPs in Total
Electricity Output* {%)

21.7
33.1
22.7

1988

215.7
—
71.4
4.04
52

NPP

72.2
77.9
61.6

1989
212.6
12.6»
68.5
2.67
48

ICU (%)
TPP

58.8
38.5
62.4

1990

2113
12.5
64.8
3.02
—

•United Energy Power System (UEPS)
NPP — Nuclear Power Station
TPP — Thermal Power Station

VVER-440 and RBMK-1000 power units are the
most stable in operation; they have relatively high
load factors and shortest shutdown periods.

In 1988-1990, the main reason for deterioration
was failure of the steam generators at the
VVER-1000 NPPs. In 1990 alone electricity losses
due to this reason amounted to 11.52 billion kWh.
There were 48 unplanned shutdowns of power units,
39 of them were the result of human errors. The
number of shutdowns per a reactor-year increased
from 2.60 in 1989 to 3.02 in 1990. The number of
unplanned emergency shutdowns was 1.63 per a
reactor-year in 1990 and 1.5 — in 1989. In 1989, the
corresponding shutdown values for nuclear power
plants in the USA, France, Germany and Japan were
2.2; 2.0; 1.0 and 0.3S for emergency shutdowns per a
reactor-year, respectively. In 1990 the unplanned

• Improvement of Risk Criteria

• Resistance to Severe Accidents

• Severe Accident Consequences

Mitigation

• Improvement of Physical and

Technical Protective Systems
• Safety Culture
• Human Factor

• Equipment Reliability

• Improvement of Norms and

Standards

• Safe Disposal of Radioactive

Wastes

shutdowns of the power units were due to design
problems (18.0% of all shutdowns), low quality of
equipment manufacturing (25.4%) and inadequate
level of operation (54%).

Thus, the main causes of unplanned shutdowns in

General Measures:
• personnel: additional training, simulators,

exams
• better operation and regulatory

documentation
• additional analysis of bask design and

severe accidents
• emergency planning

RBMK Reactors:
• decrease of void effect
• installation of fast-acting emergency

protection system
• installation of additional emergency

alarms
• diagnostics of metal equipment

and neutrons

WER Reactors:
• diagnostics of metal equipment

(vessels, tubes and steam generator)
• reactor vessel radiation embritUement and

annealing
• transition to three-year fuel cycle

Fig. 4. NPPs safety factors
Fig. 5. S<tfety improvements at existing NPPs after the
Chernobyl accident (1986-1989)
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1.

2.

3.

1.

2.

3.
4.

5.

6.

1.
2.

1990
Introduction of nuclear safety and radiation
monitoring specialists into the shift personnel of
each power unit.
Measures to mitigate beyond the basic design

accidents and corresponding personnel training.
More stringent monitoring during operational
shifts and procedures.

1991 —1992
Comprehensive metal monitoring of primary
equipment and piping.
Improvement of leak-tight compartments.

Diagnostic systems.
Fast acting valves at steam pipes from steam
generators.
Replacement of EP-50 emergency make-up pumps
by CN-65-130 pumps.
Emergency protection system in case of
earthquakes.

1992 — 1993
Additional feed-water system
Stand-by emergency electricity supply system and
stand-by control room.

Fig. 6. Safety measures adopted at NPP's

NPP units are equipment failure and bad operation,
including human errors. Therefore, the most urgent
needs are rapid increase of quality and lifetime of
NPP equipment, establishment of firm technological
discipline, increase of personnel skill and
introduction of operating advisory systems. These
requirements are in addition to the most crucial
condition for nuclear power development — an
inherent safety mechanism. Operating units as well
as new ones must be designed or modified according
to these conditions.

The main activities in our R&D program on
nuclear power utilization are (in priority order):

• ensuring the necessary safety level of operating
NPP units;

• increasing the safety requirements of NPP units
which arc under construction;

• developing the next generation of NPPs;
• increasing R&D efforts on nuclear power safety

by developing promising reactor concepts;
• ensuring safe operation of research reactors and

creation of new research facilities;
• commissioning and conservation.

SAFETY MEASURES AT OPERATING NPP'S
The safety level of operating NPPs corresponds to
their designing time. Therefore, in accordance with
this correlation, existing NPP units can be divided
into three groups:

• the first group, with a total installed capacity of
8900 MW, was developed and constructed
before the basic safety standards were issued;

• power units of the second group, with an
installed capacity of 16,300 MW, were designed
and constructed in accordance with a safety
standard (OPB-73), which is no longer in effect;

• power units of the third group, with a total
capacity of 11,000 MW, were built in
accordance with the safety document "General
Safety Standards" (OPB-82), currently in force.

The safety level at any NPP unit is determined by
a complex of physical properties, engineering means,
organization and technical measures. The objective
of safety regulation is to prevent an accident, but if
they do take place, to limit the consequences of
radiation effect on plant personnel, outside
population and the environment Figure 4 lists the
main safety factors of NPPs.

The Chernobyl accident made it necessary to carry
out an additional analysis of NPP safety factors.
Based on the results of this analysis some urgent

Decreased void reactivity effect
p ^ e f f
• placement of up to 80 additional absorbers into

the core
• operating reactivity margin up to 45 manual

control rods
• fuel enrichment (2.4%)

The*>. gency protection system —speed of
r- ponse (%ff for 2.5 sec)

• rod design (elongated displacer, telescopic
absorber)

• fast emergency protection (film cooling of the
:.<anncl, 21-24 channels)

• late dece'enjjon
• additional annals (operating margin, distortion of

power density, pressure drop speed)

Regulatory operational documents
• operating rules and procedures
• metal monitoring procedures
• scope of personnel training
• operating procedures for protecting

find blocking devices

Fig. 7. Additional measures to improve safety ofRBMK
reactors
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safety measures were developed and implemented at
all NPPs with VVER and RBMK power units
(Figures S, 6 and 7). The required skill of the
operating personnel was increased at all NPPs;
special attestation and additional training were
carried out; the requirements of the NPP operation
schedule became tougher. Long-term "combined
measures" for increasing the safety and reliability of
NPP power units, both with RBMK and VVER
reactors, have been developed and introduced. The
increased safety level of RBMK reactors was
attained by decreasing the positive void reactivity
coefficient and increasing the reactor's quick-acting
emergency protection response (Table 5). As a
result, the possibility of an accident with a rapid
uncontrolled transient overpower of the reactor was
eliminated.

Measures to eliminate the possibility of
unfavorable reactivity effects were introduced in the
operation rule of the VVER-1000 NPPs. Protective
measures against brittle destruction of the VVER
vessels were elaborated and implemented. In this
frame, seven VVER 4 4 0 reactor vessels in the USSR
and CMEA countries have been annealed.

The following are reconstruction tasks that must
be completed to bring the safety level of existing

NPP units (the first and second groups) to present
operating standards:

• estimation of the attainable safety level of each
power unit; evaluation of financial expenditures
needed for reconstruction; availability of other
power capacities in the given region to decide
whether to reconstruct, close or re-commission.

• some power plants in Kolsk, Leningrad, Kursk,
Chernobyl and Bilibil should be reconstructed
and put back into operation by the end of 1992.

• reconstruction of the rest of the plants has to be
completed by 1995.

A sufficient safety level at currently operating
power units (first and second groups) can be assured
by providing them with diagnostic system for
monitoring the conditions of metal equipment Work
in this direction is being carried out on a limited
scale.

The following steps must be taken to improve
operation procedures and personnel skill:

• development of a system for training and
retraining the personnel, with special
educational and technical centers.

• development and introduction of new operation
procedures, including documentation
improvements.

Table 5. Void reactivity coefficient measurement ai RBMK reactors.

Power unit

1. LNPP-3
2. SNPP-1
3. LNPP-4
4. CNPP-3
5. SNPP-2
6. KNPP-I
7. CNPP-1
8. CNPP-2
9. LNPP-3
10. CNPP-1
ll.CNPP-3
12. KNPP-2
13. LNPP-1
14. LNPP-4
15. CNPP-2
16. LNPP-2
17. SNPP-2
18. SNPP-2
19. KNPP-4
20. LNPP-2
21. LNPP-1
22. CNPP-3
23. LNPP4

Date

6.11.87
11.03.87
1.10.87

25.12.87
23.09.87

.09.87
28.09.88
23.03.88
16.03.88
29.12.88
29.07.88

.09.88
28.12.87
14.05.88
2.10.88
8.04.88

11.03.88
31.08.88

.09.88
14.08.88
6.08.88
5.05.89
.05.89

Operating
margin
(manual

control rods)
54.1
49.0
41.2
46.0
54.6
44.6
44.6
47.7
53.2
43.7
45.4
45.9
55.0
44.S
45.4
45.0
50.0
46.3
48.1
45.6
44.5
45.0
45.0

Number of
additional
absorbers

80
81
85
81
80
81
80
81
80
80
81
82
80
85
81
80
80
81
80
80
80
81
80

Number of
fuel assembly

2.4%

81
87
95
100
149
167
168
184
189
228
229
250
265
290
303
343
383
459
463
499
551
346
636

a.f

1.1 ±
1.0 ±
1.2 ±
0.8 ±
0.6 ±
1.2 ±
1.2 ±
1.0 ±
0.8 ±
0.9 ±
0.9 ±
1.42 ±
1.0 ±
1.2 ±
0.9 ±
0.9 ±
0.85 ±
1.3 ±
1.0 ±
0.7 ±
1.0 ±
0.7 ±
0.9 ±

>(/?)

0.1
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.15
0.2
0.3
0.2
0.1
0.2
03
0.2
0.1
0.2
0.2
0.2

LNPP — Leningrad NNP; SNPP — Smolensk NPP; CNPP — Chernobyl NPP;
KNPP — Kursk NPP; INPP — Ignalina NPP
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• improvement of service personnel conditions
including social support; the introduction of an
additional seventh shift; refinement of the
educational processes with emphasis on safety
principles. In addition to the aforementioned
measures, regular safety check-ups must be con-
ducted. Construction of new nuclear power units
should be planned together with other power
generating alternatives.

DEVELOPMENT OF THE NEW
GENERATION NPPS
Further development of nuclear power utilization is
directed first toward safety improvements and then
to extension of their application. New generation
plants should include passive safety systems that
would cnsi'Ti their self-protection and thus reduce
the probability of a severe accident The feasibility
analysis of new generation power plants must
consider their competitiveness with conventional
fossil fuel plants and other alternative energy
sources. The NPP designs must consider the whole
fuel cycle including nuclear power fuel supply, waste

processing and disposal (Figure 8).

1. Evolutionary Design — First Generation
In the nearest phase nuclear power plants will be
based on the VVER-reactor design. They have the
longest operational experience and better safety
record than the RBMK reactors. It is reasonable to
base new generation design on the experience with
VVER-440 and VVER-1000 reactors. Figure 9
presents some disadvantages of VVER-440/230
reactors which must be improved in future designs.
One basic design in this direction is the WER-88/1;
the WER-92 is suggested as the next generation
unit

Safety design of the WER-8S includes the
following improvements over previous models:

• negative reactivity coeffecient over a coolant
temperature under all operation states of the
reactor;

• prolonged passive residual heat sink needed
during a full loss of electric power supply;

• increased CPS control with a safety mechanism
using a quick-acting system of boron injection,

Objective:
Development of reactor designs whose physical properties, technological characteristics and passive
safety systems determining their self-protection would pennit the reduction of severe accidents
probability and would increase the reliability of the localizing barriers. Their economy should ensure
competitiveness relative to the conventional and alternative energy sources.

Trends:
• Evolutionary trend

development: new reactor type based on WER-440 and WER-1000 reactors.
design: NPP-NG -500 and NPP-NG-1000 reactors.

• Alternative trend
development: new reactor based on the experience gained in nuclear district heating and nuclear
ships.
design: VPBER-600 reactor.

Terms:
Construction and commissioning of the first power units is expected by the year 2000.

Results expected:
• new qualitative safety level;
• reduction in the construction and operation cost;
• reduction in the amount of equipment and its metal consumption;
• practically no negative effect on the environment in the site area.

Fig. 8. Development of the new, first generation NPPs
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Insufficient range of basic design accidents:

• for core cooling: rupture of Dy 32 pipe accompanied by the plant blackout without the departure from
nucleate boiling and loss of primary compartments integrity

• for the system of leak-tight compartments: one-way rupture of Dy 200 pipe.

Necessity to prevent excess embrittlement of reactor vessel materials

Absence of physical separation in safety system channels

Insufficient redundancy of active safety systems

Insufficient tightness of leak-tight compartments

Obsolete systems of protection and blocking monitoring, automatic systems, absence of stand-by control
panel

Insufficient diagnostic systems

Overestimated seismicity for some power units

Common cause failure of safety systems (fire, flooding)

Fig. 9. Disadvantages ofNPPs with WER-4401230 reactors

PROJECT GOALS

1. Reduction of the reactor core disruption

probability and releases below the values stated

intheOPB-88

2. The highest technical and economic parameters

2.1 Decreased cost of the fuel component

2.2 Decreased material consumption:

piping (T/MW)
valves

construction metal (kg/MW)
concrete (C**3/MW)

cables (km/MW)

2.3 Reduction of the site
area(ha/MW)

2.4 Reduction of the
staffing factor (man/MW)

-30%
-10-15%

-25-40%
-15-30%

-20%

-15-20%

-3-4 Tim

3. Improvement of ecological parameters

MEASURES

Quality of design and construction
Inherent safety
Diversity of main safety functions based on active

and passive systems

Improvement of the fuel and turbogenerator cycle

parameters

Optimization of lay-out, schemes and calculations;

use of monolithic reinforced concrete, small size

equipment; use of fiberglass; systems of automated

design, etc.

Improved architect planning, increased unit power

Higher automation level, centralized maintenance,
improved personnel functional duties, management
optimization

Improved systems of waste cleaning and storage, use
of dry cooling towers and towers with smaller water
consumption

Fig. 10. New. first generation design: NPP-NG-1000. Project goals
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for cases in which the reactor's CPS fails.
• wide use of diagnostic systems for the primary

cycle components and pipe lines;
• preventive measures against brittle destruction

of the reactor vessel;
• an improved protection system against excess

shell pressure caused by passive hydrogen from
the after-burning system; the new system
purifies the steam-gas mixture and discharges it
through special high effective filters;

• removal of the reserve control board beyond the
main vessel;

• creation of a general counter accident point to
check a damaged power unit after a severe
accident;

• an automated system to check the readiness of
the safety system to perform its functions at any
moment;

• introduction of new measures to increase the
NPP's fire resistance.

The designers of VVER-88 were forced to
increase safety by using available equipment, to limit
cost This constraint did not permit the project to be
optimized from the economic point of view.
Presently, it is suggested to modify operating power
plant with WER reactors, using the safety design of
WER-88, and to construct units according to this
code up to the year 2000.

Further improvement of power units with
water-water type reactors will be accomplished
within the framework of the VVER-92 project,
which includes the following objectives:

• increased reactor inherent safety by further
development of its self-protection system;
improvement of equipment and design solutions
to reduce the probability of core degradation
accidents and radioactive releases exceeding the
allowed values. These safety criteria were
established taking into account
recommendations of the International Advisor
Safety Groups (INSAG, IAEA) and OPB-88;

• introduction of ecologically clean processes
during the entire NPP service life;

• reduction of acceptable radiation doses to
personnel to 100 man«rem/year,

• setting new standards for NPPs location, relative
to large population centers;

• cost reduction at construction and operation
stages by lowering raw material consumption
(mainly concrete and metal), increasing
equipment reliability and automation and
reducing manpower.

Within the framework of VVER-92 project, it was
proposed to maintain the competitive designs of
improved reactors WER-500, WER-600 and
VVER-1000. The design of new industrial units,
based on the VVER reactor with improved safety
level and efficiency, must be finished by 1994-1995;
the construction should begin in 1995-1996 and
commissioning should b; completed by 2000
(Figures 10,11, and 12).

2. Alternative Trend — First Generation
Among the proposed promising designs, the 600
MW unit with a water-water reactor should be
pointed out This design is based on the proven LWR
technology and on the experience gained with
nuclear reactor plants developed for district heating
(NDHP) and for additional purposes. The first power
unit (VPBER-600) could be planned for 1994-1995
and construction can be completed by 2000 (Figure
13). In this plant, the safety system operates on the
principle of passive action which protects it against
equipment failures and human errors. A new aspect
of the design is the arrangement of the water-water
reactor in a strong, tight, secondary vessel.
Examination of the Gorky NPP by IAEA group of
experts has confirmed its safety and noted that the
design was performed according to present safety
standards. In the case of most severe (hypothetical)
accident, the radiation dose outside the power plant
would be as at the natural background level To
conclude, the NDHP design based on
enhanced-safety nuclear reactors would allow to
promote the construction of new NPPs plants. In this
connection, commissioning of the Gorky and

INHERENT SAFETY OF THE REACTOR SYSTEM
Negative power reactivity coefficient in all modes and at all power levels

Use of burnable poisons to compensate for excess reactivity (reactor poisoning)

Substantial reduction of radioactivity escape to the coolant in nonnal operation modes

Significant reduction of the fuel failure potential in case of basic design accidents

Subcriu'cal conditions of the reactor core ensured by control and safety ro'is, independent of the boric acid

concentration in the coolant (at temperatures above 100'C)-

Fig. 11. New, first generation design: NPP-NG-I000. Inherent safety system
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1. Improved stability of system and component operation within the operating limits:
• quality assurance in design, equipment and manufacturing, start-up and operation of nuclear

power plants
• optimization of design and architectural decisions related to normal operation, control and

monitoring systems

2. Detection of failures in safe operation limits and conditions, prevention of basic design accidents:
• modern highly reliable systems of control and monitoring

3. Basic design accident management:
• inherently safe reactor system, negative power reactivity coefficient in all modes and at all power

levels
• diversity of main safety functions, functional independence of active and passive safety systems
• development of efficient containment systems

4. The probability of reduction in impermissible accident consequences (the necessity of the population
evacuation beyond the distances specified in regulatory documents) below 10*E-7/rcactor • yean
• system of multi-level barriers on the way of fission product releases into the environment
• use of safety system protection barriers based on passive principles
• accident management beyond basic design conditions

Fig. 12. New, first generation design: reduction of severe accident probability, defense-in-depth approach (NPP-NG-1000)

1. Engineering implementation of the following principles:
• inherent safety features;
• use of passive systems for emergency protection and heat removal;
• system of protecting barriers to contain the radioactivity;
• redundancy of all protection systems;
• insensitivity to human errors;
• accident management

2. The reactor is surrounded by a leak-tight reinforced guard vessel, which is located inside the
containment together with the necessary devices and equipped with passive systems to ensure reactor
shut-down and residual heat removal.

3. The inherent safety features of the reactor system (negative reactivity feedbacks, the large volume of the
primary coolant), the passive protection systems and the radioactivity containment barriers exclude a
possibility of environmental contamination, the exposure of the personnel and the public above the
permissible level (during any technically feasible failures and eccidents of the reactor system, human
errors as well as terrorist actions and extreme external events, such as earthquakes, hurricanes, airplane
crashes, etc.).

Fig. 13. Safety of new, first generation design NPPs with the VPBER-600 reactor
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Voronezh NPPs is important for an ecologically
clean power industry development in our country.

3. Unconventional Solutions—Second
Generation
As is known, the USSR is developing sodium
breeders and a NPP of this type was constructed in
the frame of the new BN-800 project The current
feasibility analysis reveals the possibility of
suspending new generation breeders development
until engineering solutions for increasing reactor
safety and improving its breeding properties are
found. At the same time it is evident that such
construction delay would hurt the designers and
manufactures of this project and eventually could
lead to low quality and reliability of the first power
units.

The development of second generation NPPs
includes not only the commercial design, but also
semi-industrial and pilot plants, which could be
erected at the beginning of the next century. These
designs are expected to solve long-term safety
problems by a high self-protection level and passive
safety means to extend nuclear energy applications
and fuel self-supply. So, efforts to develop
vessel-type and channel-type water cooled reactors,
high-temperature gas reactors, breeders, etc., must be

continued. Another possible direction is the design of
low-power reactor plants for remote regions
(Figure 14).

The following R&D directions towards reaching
these goals may be defined:
Reactor and power unit arrangement

• modular units; increase reliability due to
advantages of commercial manufacturing with
possible cost reduction;

• integrated design; increases safety and reduces
the amount of construction metal;

• channel-type arrangement; can be implemented
with a flexible fuel cycle and possibly with
improved safety.

Coolants
Reactors with light water, both pressurized and
boiling, are common in new designs. Much interest
has been centered on natural convection schemes
which provide a relatively high safety level due to
the possibility of passive residual heat sink. It is
possible to remove some restrictions on boiling
water conditions and use water at the super-critical
phase without diminishing natural convection
cooling. Helium and molten salts are possible
coolants for energo-technological installations. Their
use promotes the highest expected safety level. Also
liquid sodium has been considered for some time.

Objective:

development of reactors with a high level of

self-protection and passive safety systems to solve the

problem of further enhancement of the safety level.

extension of nuclear power applications and fuel

self-supply.

Trends of works:

• light water reactors (vessel and channel types);

• high-temperature gas reactors;

• breeders

Terms:

development of pilot or experimental power units is

expected in the beginning of the next century

R&D trends:

1. Arrangements of the reactor and power unit:

• modular

• integrated

• channel

2. Coolants:

• light water;

• helium;

• molten salts;

• liquid metals;

• drop-steam

3. Fuel supply:

• tight lattices;

• dense fuel;

• heavy water reactors

4. Setf-protection:

• combination of inherent safety properties and

passive means (HTGR, AST. MKER).

Fig. 14. New, second generation NPPs: unconventional solutions
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However, only heavy metals are very promising as
coolants since they are able to develop natural
convection currents and resist ignition.
Fuel supply
Improvement in the fuel economy is provided by
using the tight, heterogeneous (for the breeders
lattices) and high-density fuels. However, it has a
negative effect on the system safety and research is
needed to identify compromise solutions.

Studies of the heavy water reactors are continued.
This reactor is promising from viewpoints of
reduction in fuel consumption and stability to
reactivity-induced accidents. But research directed to
improve its stability during loss-of-heat sink
accidents has to be continued.
Self-protection
This term is used for the combination of inherent
safety features and passive means used to increase
the protection of inner localizing barriers. A high
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Fig. 15. R&D program for nuclear safety

self-protection level is characteristic of HTGR
reactors, particularly those with a modular design. It
is ensured by negative reactivity feedback, rather
high heat capacity and possibility of passive
cool-down at the expense of heat capacity (in case of
helium pressure bsses). The passive safety means
arc characteristic of NDHP design. Natural
convection combined with a great number of
independent circulation loops and appropriate
arrangement of the channels in the core provide a

high level of passive protection in MKER. The
single-phase inertial properties of molten salts and
the negative feedback reactivity are prerequisites for
a reliable self-protection of MSRs. Figure IS
provides a general R&D program to ensure NPPs
safety.

The most promising solutions among these reactor
groups should be selected for further development
The basic research associated with this program
include: fundamental investigations of physical
processes, radiation material testing, fuel cycles,
diagnostics, process control problems, man-machine
interaction, etc.

NPPS CONSTRUCTION PROGRAM
According to the old nuclear power development
program, by the year 2000 the dated NPPs installed
capacity should reach 190 mm kW with an electricity
output of 1100 billion kWh.

The Chernobyl accident promoted a new approach
to safety problems, stiffer requirements on NPP
location, drastic reduction in capital investments,
need for more research work and serious public
resentment. Consequently, NPP construction and
expansion have been suspended at 39 sites with a
total design power of 109,000 MW.

After the Chernobyl accident various measures
were taken to increase the reliability and safety of
operating plants and units under construction. This
was achieved at a considerable cost in time, money
and manpower and caused a delay in the introduction
of new power units. It is suggested, therefore, to
introduce 7 mln kW of nuclear power in the next
Five Year Plan and 11.8 mln kW in the following
one. Then, by the year 2000, the total NPPs capacity
would be 56.4 mln kW. Table 6 provides the
development plan for the next decade. After the year
2000 an increase in NPP construction rate is
projected and by 2010 the installed power would be
95-150 mln kW, with allowance for
decommissioning of power units with insufficient
safety levd. The industrial infrastructure of the
Soviet Union is much higher, capable of bringing
NPPs electric capacity up to 81-83 million kW by
2000 and 113-115 million kW by 2005 (taking into
account decommissioning of outdated units).

In the next decade, NPPs would be constructed
mainly with WER-1000 reactors, similar to the
WER-88/1 design. Operating NPPs would be
modified, using the same basic design. After 2000
the construction of NPPs is expected to be based on
new generation units with enhanced safety level —
the WER-92, VVER-500 and/or WER-600
reactors, whose detail design should be completed by
2000.

Thus, the strategy of nuclear power development
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T>bk 6. Introduction of new nuclear power units (in MW)

NPP

ODU*
North-West
Kol'skaya

ODU Center
Kursk
Kalinin
Kostroma
Novo-Voron.

ODV
Middle Volga
Balakovo
ODU Ursi
South Ural
ODU South
Khmel'nitsk
Zaporozh'e

ODU East
Far East

Total 1992 1993 1994 199S
Capacity

2000

5000 1000(5)
2000 1000(3) 1000(4)
6000
1000(6)**
1000(7)

4000 1000(4)

2400

4000 1000(2)
6000 1000(6)

2000

Total in
13th Five

Yew
Plan

1000
2000

1000

1000
1000

1996 1997 1998 1999 2000

1000(5)

1000(1)
1000(6)

800(1) 800(2)

Total in
14th Five

Year
Plan

1000

1000
1000

1600

* ODU — Operational dispatcher administration
•• Number in parenthesis is the number of the unit at the site

with acceptable risk requirements can be divided into
two stages:

• the 1990-2000 decade may be considered as the
"renovation*'stage, in which emphasis will be
put on renewal of operating power units and
improving their safety. The total nuclear power
capacity will rise insignificantly. At this stage
the oldest plants will be modernized and
reconstructed; some plants, whose
reconstruction is not expedient, will be
decommissioned and new units, equipped with
WER-1000, will be put into operation in their
place.

• the 2000-2010 decade will be characterized by
active growth of capacity and introduction of
new generation power units with acceptable
safety standards to ensure a stable development
of nuclear power.

NUCLEAR POWER AND PUBLIC OPINION
Further utilization of nuclear power depends, to a
great extent, on restoring the public confidence
which was shaken by the Chernobyl accident, bad
location choices and low quality construction works
at nuclear power sites. As shown by sociological
studies, me main reasons for the public resentment
and, sometimes, even hateful attitude towards
nuclear power are based on:

• insufficient knowledge of nuclear power
hazards, particularly, its medical and biological

effects;
• lack of social and economic benefits provided to

the regions where nuclear power plants are
located;

• absence of nuclear legislation, which would
define public protection regulations in the
USSR.

All these are the consequences of the absence of a
reasonable nuclear power development policy. Such
policy must include cardinal structural changes and
increased safety, expounding the practical aspects of
nuclear energy utilization.

Serious accidents at NPPs and lack of information
have turned public opinion against nuclear power
utilization the world over. Some countries, however,
estimated the situation correctly and have taken
measures for increasing reliability, safety and
ecological protection of nuclear plants, while
providing accurate information to the public. As a
result, recent public opinion polls carried out in
France, Germany, Japan, Canada and the USA
indicate an unproved attitude towards nuclear power.
One of the main reasons for the public change of
mind is economic and social benefits provided to
districts located near NPP sites.

In summary, the difficulties facing the nuclear
industry after the Chernobyl accident must be
overcome. Otherwise our country will not have
sufficient power supply in the near future.


