
No NPP, No of Safety „ InatalledBringing 
power unit concept power, into Remarks 

MW network 

1.5. South-Ukrainian NPP 

1.5.1. unit 1 

1.5.2. unit 2 

1 . 6 . Kalininskaya NPP 

1.6.1. unit 1 

1.6.2. unit 2 

1.7. Zaporozhye NPP 

1.7.1. unit 1 
1.7.2. u n i t 2 

1.7.3. unit 3 

1.7.4. unit 4 

1.8. Balakovskaya NPP 
1.8.1. unit 1 
1.8.2. unit 2 
1.8.3. unit 3 

1 . 9 . Xhaelnitzkaya NPP 
1.9.1. unit 1 

1000 22.12.82 

1000 06.01.85 

1000 09.05.84 

1000 11.12.86 

1000 10.12.84 

1000 02.07.85 

1000 10.12.86 

1000 18.12.87 

1000 24.12.85 
1000 07.tO.87 
1000 24.12.88 

1000 25.12.87 

2 . Power unita with 
b o i l i n g w a t e r r e a c t o r s 

2 . 1 . Power unit with BK-50 
reactor, Dimitrovgrad 50 .11.65 
(Uljanovakaya NPP; 

* This column concerns WWER-440 reactors only. Concept 1 -
for reaotora of the first generation, concept 2 - for 
the second generation (aee Fig.1}. 
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Abstract 
This paper describes technical options to use increased requirements for 

protection oE nuclsar power plants, population an environnent against any 
implications of design basic accidents as well as accident aitlgacion by use 
of passive safety systems. A technical description of a W E R with measures 
for passive emergency core cooling systems is presented. 

With purpose of safety assurance in NFP designs in the 
USSR are provided hardware and organisation measures, aimed 
at preventing design accidents and restricting their 
conseauences under each of initial event considered bv the 
design with suoerposition of principle of single failure for 
safety systems. Hereat, for design accidents there are stated 
the quantitative limits by fuel temperature and degree of 
failure. Choice of initial events is performed proceeding 
from the analvsis of possiole failures of equipment and 
systems inherent in tne given locality of natural phenomena. 

In recent years the quantitative analyses of reliability 
and probabilistic safety analvses have obtained a great 
development. As a whole, a tendency is develooed to consider 
consequences of all the greater number of out-of-design 
accidents and to obtain oroofs of small probability of such 
accidents to occur. 



When d e v e l O D i n g regulations -for NPP safety with WWER of 
average power of new generation in the USSR, the Leningrad 
department of "Atomenergoproect" Institute, OKB "Gidropress" 
and Kurchatov ' c Institute of Atomic Energy stated a problem 
to achieve the higher level of safety, reliability and 
economy. 

There was put the problem to ensure safety of population 
and environment by passive means at normal operation and in 

- - 3 case -of accidents, probability thereof is evaluated in 10 
—6 

-10 1/year. 

Unallowable radiative effect on t h e o o D u l a t i o n and 
environment is assumed to be oracticallv excepted using 
multilevel principle of protective systems and devices. 

1st level. Absence of damages is provided bv passive 
systems, in the limit — melting of the r e a c t o r core under 
postulated set of initial events, including even such random 
accidents as long-term loss of station and off—site power, 
coinciding with leakage in the primarv circuit. 

2d level. In spite of all the accepted measures on 
prevention from the core melting it is considered that this 
event had nevertheless been completed and is orovided a set 
of rrardware for confinement of the melted core within the 
limits o* the reactor vessel. 

3d level. The melting is considered to be left bovond 
the limits of the reactor vessel and there are provided 
facilities for its infinitely long confinement within the 
limits of the containment. 

For each level, the fulfilment of S D e c i f i e d criteria on 
fuel state is substantiated in the design, however, at 
further levels a disturbance of the criterion of orecedinq 
level i s postulated. 

Special attention is given for exception Df processes, 
which may result in loss of sealing of the containment both 
of inner effects(insertion of positive reactivity, steam 
explosions. inadvertent increase in pressure and 
temperature), and of external effects <air plane droo, 
earthquake, tornados etc-). 

Reouirements for NPP resistance to the accident with 
continuous loss of power supplies (firstly, a.c.power). for 
errors and false actions of personnel predetermine the use of 
passive safety systems. Power unit, schematic diagram of 
which is illustrated in Fig.l, is an e>:amole of technical 
realisation of the stated oroblems. 
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1. Reactor 
2. Steam generator 
3. Reaotor coolant pump 
4. utain coolant ploellno 

. 5« Containment 
6. Treasure containasat 

7. High-pressure 3CCS tank 
8. I/Ott-prasaure SCC5 tan* 
9. Pressuriser 
10. Safet7 valve 
11. Pressure-reducing valve 
12. Bubbler 
13. Feedvtater storage tank 
14. Heat exchanger 

PIG. 1. Schematic diagram of the nuclear power unit. 



NPP reactor compartment, consisting of the reactor 1, 
steam generators 2, reactor coolant pumps 3. main coolant 
pipelines 4, has a double containment. Outer reinforced 
concrete containment 5 performs a function of protection 
against external effects and forms a channel for supply of 
cooling flow to surfaces removing heat from the hermetic 
volume. Inner steel pressure containment о performs functions 
of localisation of radioactive substances released during the 
accidents. and the functions of heat removal from the 
hermetic volume. 

Within the limits of the steel pressure containment 
there are the systems being under the primary pressure, 
safety systems and the refuelling systems. NPP safety-related 
systems are located within the limits of the reinforced 
concrete containment. 

Four ECCS hydrotanks 7 being at pressure of h.o MPa, are 
connected to the reactor through individual nozzles. These 
hydrotanks are well-adjusted in'IMPP designs with WWER-440 and 
WWER-1000. In addition. ECCS. contains the tank with the large 
storage of cooling water located above the level of the 
reactor outlet nozzles. Watar storage and the tank backwater 
provide for residual heat removal in the emergency cases at 
pressure decrease in the reactor. Under normal operation 
conditions the ЕСС5 tanks are isolated from the reactor bv 
check valves. 

The reactor is located inside the containment in such a 
way that coolant level outflowing from the primary circuit 
during accidents was above the level of the reactor input 
nozzles. 

The pressurizer 9 is equipped with safety valves 10 for 
the primary circuit protection against overpressure. Safety 
valves are equipped with by-pass whereon are mounted soecial 

valves 11, that open at emergency decrease in level in the 
pressurizer. The special valve is provided with power supply 
of I category. The valve device is widely used in the atomic 
power industry, particularly, for prevention from the safety 
valves operation during transients. The version of the 
passive-action valve application is considered as well as. 
The exhaust pipeline from all the pressurizer valves is 
connected to the bubbler tank 12 to provide blow-ft-sfs under 
normal operation conditions. The bubbler tank with the help 
of pipeline with rupture membrane is connected with the 
cooling water tank to ensure the released steam condensation. 
At operation of special valve the primary pressure is 
decreased irreversibly. The valve is clamped in oosition 
"open". 

Under the blackout conditions, as well as at the 
accidents of steamlines and feed pipelines, the heat removal 
from the steam generators is carried out via auialiarv 
circuit, consisting of the feedwater storage tank 13 and 
surface heat exchanger 14, immersed into a soecial 
heat-accumulating ' tank located around the pressure 
containment. The capacity of auxiliary circuit assures 
residual heat removal via each steam generator. 

Removal Df large amount of heat released in the core at 
initial period of accident is carried out bv water heating 
and evaooration beyond the external surface of the pressure 
containment. Further the cooling-down is performed by air. 

With the purpose af organization of natural circulation 
via the core after the reactor plant flooding bv ECCS water 
with heat transfer through the pressure containment . on the 
main coolant circuit are installed the valves, opening by the 
factor of water presence in the reactor pit. 



The given valves are the passive facilities, blocked by 
pressure from the primary circuit under the normal operation 
conditions, but at the emergency pressure decrease these 
valves are opened and fixed in position "open". 

Application of valves operated by the own working medium 
or pneumatic valves is possible that are used, for example, 
for pressurizatin of the containment at NFP with UWER-1000 in 
tthe USSR. 

Emergency deviation of parameters characterizing the 
safe state of the reactor plant should cause a step-by-step 
operation of facilities which provide a change-over of the 
reactor plant to the safe state characterized by the low 
energy potentials) at this state heat removal from the 
hermetic volume is performed only at the expense of the 
natural processes of heat eKChange between the surface of the 
pressure containment and environment. Step-by-step operation 
of safety facilities should occur without personnel. The 
process of the emergency change—over of the reactor plant 
into the safe state should be performed irrespective of the 
availability of alternate current power sources. 

- Personnel interference or recovery of function of 
auxiliary mechanisms in the course of steo—by-steD operation 
of the safety facilities should net deteriorate a process 
scenario in the direction of safety decrease. 

Passive system of the emergency core cooling provides a 
feed of cooling water into the care and transfer of residual 
heat to the heat exchange surfaces of the oressure 
containment; these surfaces on the outside are cooled at the 
exoense of natural heat transfer processes. Completion of 
this mode is characterized bv such state, not restricted in 

time, when inside the hermetic volume the systems being under 
the action of high pressure are absent. In this case the 
isolation systems being under the action of compressed air 
may be an exclusion. 

A version of use o< coaling water inventories located in 
the hermetic volume for bubbling steam-gas mixture being 
bypassed from the steam generator boxes into the central room 
of the hermetic volume during the accidents with primary 
circuit rupture is considered. 


