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U1.01/95C Replacement of the Steam Generator Safety Valves at ROVNO Nuclear Power Plant 
Units 1 and 2 

Background: Safety significance of steam generator safety valves 

The concept of defence in depth applied to all nuclear power plants (NPPs) relies on having four 
consecutive barriers preventing releases of fission products under normal and accident 
conditions. There barriers are  

1. fuel matrix, which retains more then 99% of radioactive products created during and after 
fissions of uranium,  

2. fuel element cladding, made of zirconium alloy, highly resistant to pressure and high 
temperature, which assures effective separation of fission products from the primary 
coolant, 

3. pressure boundary of the primary reactor coolant system (RCS), designed with large safety 
margins to assure retention of such radioactivity which might penetrate from the fuel 
rods to the coolant. Pressure walls of the RCS are not only produced under the highest 
quality requirements but they are also regularly inspected to assure timely detection of 
any weak spots which might develop into more serious defects. 

4. reactor containment, the fourth and final barrier enclosing all radioactivity in the reactor 
and assuring protection to the environment around the NPP.  

In case of rupture of the reactor coolant system (RCS) piping and ensuing loss of coolant accident 
(LOCA) the primary coolant flows out of RCS but it remains kept within boundary of the 
containment, designed to withstand all loads and remain leaktight after LOCA. The coolant 
flashing out of the RCS flows down to the containment sump and can be recirculated through 
heat exchangers and into the core, to provide core flooding and heat removal from the core.  

Thus the containment enclosing all RCS ensures that the water originally present in the reactor 
will remain available for core cooling after various accidents, even after LOCA. There is however 
one exception, and it gives importance to the issue of Steam Generator Safety Valves.  

If the break in the RCS occurs in those pipes which are in the steam generator, for example in 
primary circuit header or in heat exchange pipes, then the primary coolant from the RCS will not 
flow to the compartments inside the containment, but will flow to the secondary side of the 
steam generator, and then along the piping of the secondary coolant system it will flow to the 
safety valves. It is called Primary to Secondary circuit leak or in abbreviation PRISE. 

Since the primary pressure is much higher than the secondary coolant pressure, the safety valves 
will open and release primary coolant with some radioactivity to the environment. This 
radioactivity in the first phase of the accident is not high and its impact on human health is 
negligible. What is worse however, is the fact that at that time the coolant flowing through the 
valves will not be in the form of steam, for which the valves have been designed and tested, but 
in the form of steam-water mixture, or possible just water. 

Since the valves are not qualified to operate with steam water mixtures, which provoke sharp 
pressure jumps and water hammers shocks, there is a hazard that the valves will be damaged and 
will remain in the open position even when the initial shock wave has passed and the pressure 
has been decreased below nominal opening point of the valves. If this is the case, then a severe 
breach in the system of barriers appears: instead of having a strong containment wall of a meter 
of reinforced concrete, the primary coolant encounters an opening in the secondary side system 
and flows freely out to the environment. This means not only a radiological hazard to the 
environment, but also irretrievable loss of cooling water from inside containment. Eventually, if 



the valves cannot be closed, there is the danger of losing more and mores water from the 
primary side, with eventually uncovering of the core, overheating of fuel elements and finally 
core damage or even core melting. Such an accident, with the primary circuit piping broken 
within steam generators as initially assumed and safety valves on the steam generator failing in 
the open position due to their inability to stand steam-water mixture flow, would result in an 
open pathway for the fission products from the core directly to the environment outside the NPP.  

It is potentially the most severe accident in a NPP, because all barriers are lost – primary coolant 
boundary is assumed originally to have been broken in the steam generator, valves – which could 
be equivalent to the containment if they kept closed – fail in the open position due to their lack 
of qualification for steam-water flow, and the first two barriers, the fuel cladding and the fuel 
matrix also fail due to core overheating and melting.  

This accident had been originally considered to be improbable due to robust design of steam 
generators, which prevents breaks of even single heat exchange pipes, while simultaneous breaks 
of several pipes are quite “beyond the design“. However, as the events of very low probability 
and potentially large consequences are more and more addressed in the safety philosophy of 
nuclear power plants, the accident with large primary circuit breaks in the steam generator has 
been included in the range of those accidents for which design measures are taken. In addition, 
the experience of operation of NPPs with WWEWR 1000 reactors has shown that the cracks in 
primary circuit headers inside steam generators do occur.  

In the late eighties and early 90-ies a series of such cracks were revealed, initiated by wrong 
technology of joining heat exchanger tube to the header and propagating during plant operation 
due to deviations form the prescribed water chemistry in the secondary cooling circuit. This was 
for some time an issue of high safety significance involving replacement of nearly twenty steam 
generators in WWER 1000 NPPs. Since then the technology of steam generator production has 
been changed and the water chemistry improved. Moreover, several safety measures have been 
introduced, aimed at fast decrease of primary pressure, before the whole water inventory from 
the core is lost. Together taken, these measures provide good basis for considering the issue as 
solved. Nevertheless, since the cracks have been really observed, the scenario of possible 
primary circuit break in the steam generator must be given the attention it deserves. The most 
reliable way to prevent coolant inventory losses through a failed open valve is to make sure that 
the valve can be always closed as needed.  

The safety valves installed under TACIS programme are therefore qualified for steam-water 
flows, that means that the tests under accident conditions prove that these valves are capable of 
opening and closing reliably even when exposed to steam-water flow conditions. Even if a break 
occurs, the valves will be opened but then will close again, stopping outflow of water and thus 
ending radioactivity releases to the environment and preventing the hazard of core uncovery and 
damage.  

Another requirement concerns valve ability to be remotely opened at any pressure, even a 
pressure much lower than the nominal opening point. What is the safety concern in this case? 

Since the heat in the reactor is generated not only at the moment of fission itself, but also 
afterwards due to the radioactive decay of fission products, the core of the reactor must cooled 
even after reactor shutdown, although the amounts of heat to be removed are evidently much 
lower. This is why the reactors are provided with residual heat removal systems, provided with 
pumps which must be reliably supplied with electric power.  

All NPPs are provided with electric power from the network, in most cases from two independent 
networks, and additionally from emergency power supply network with three or four diesel 
generators. Each of these diesels is sufficient to supply all needs of the NPP after shutdown, so 
there are three of four of them only for the purpose of assuring redundancy and providing high 
reliability of having power supply for NPP safety systems. These diesel generators are fully 



independent from one another, provided with separate control systems and fuel supplies, located 
in separated compartments etc. Therefore the case of total loss of electricity, from the external 
network, from the in-house power supply generated by the other units of the NPP and from all 
three independent and redundant diesel generators is highly improbable and treated as an 
accident beyond design basis of the plant.  

However, the consequences of such an accident would be severe, because they would consist in 
loss of power to the cooling pumps and inability to remove the heat from the reactor, with the 
threat of reactor overheating and core damage. Therefore, even if a total loss of electric power 
at the site – called blackout – has a very low probability, it is still considered in safety analyses.  

Even in case of blackout the heat from the core can be removed. This is possible owing to the 
natural circulation of water from the hot core to the cooler steam generator, where the heat of 
the primary coolant is transferred through the piping to the secondary coolant. The secondary 
coolant is heated up and evaporated, with steam being released through the safety valves of the 
steam generators. This provides several hours during which the heat is effectively removed from 
the core, at no cost other than the evaporation of secondary water.  

In order to be able to remove steam from the secondary system the NPP needs safety valves on 
the steam generators that can be opened at pressures lower than the nominal working pressure 
of the secondary system and kept open even at very low pressures, until the water in the 
secondary circuit is fully evaporated – or until the electric power supply is restored.  

In the rare cases of loss of electric power to the plant this strategy has been proved to be right. 
It is especially the case with WWER reactors, in which the inventory of water per unit power is 
larger than in western reactors, and thus offers possibilities of longer heat removal by water 
evaporation. In view of all precautions taken in the NPP design to assure reliable electric power 
supply even under accident conditions blackout is treated as a beyond design basis accident.  

However, since under TACIS programme the contemporary safety philosophy of the European 
Union is transferred to for CIS countries, this accident is treated as a threat which must be 
prevented. The IAEA Issue books describe the problem of replacement of steam generator safety 
valves as the safety issue of rank II, that is high. Therefore the work on replacement of SG safety 
valves undertaken within TACIS programme involves deliveries of safety valves according to the 
leading EU technology, which ensures that the valves can cope with both accidents described 
above – they can work with steam water mixtures and ensure reliable closing after primary 
circuit break in the steam generator, and they can be remotely opened and closed at any 
pressure, which assures mitigation of blackout accidents. The project in Rovno NPP is only one of 
several such projects. Others have been implemented in the Russian Federation in Kola, 
Balakovo, Kalinin, Smolensk, Beloyarsk, Novovoronezh NPPs and in Ukraine NPP of Zaporozhe.  

 

2. Initial situation in Rovno NPP 

The originally installed steam generator pilot protective devices at Rovno NPP, were based on 
70’s designs and formerly effective requirements and thus had the following safety deficits: 

• They fail to meet the requirements of item 6.2.12 of the now effective normative and 
technical document PNAE G-7-008-89 where “the use of pilot valves with lever-type drive 
is not allowed”; 

• They have shown bad operational behaviour: There were recorded several failures (e.g. 
leakage, joint and rod steaming, false opening, failure to seat safety valves) and several 
times repairs had to be performed; 

• They can operate on steam only, but for reliable heat removal from the primary circuit 
via steam generator under emergency conditions, they should be capable to operate also 



on steam-water mixture and water. 

In order to improve the protection of the steam generators against over-pressurisation and to 
ensure reliable closure of their protection devices, it was decided to replace the original steam 
generator safety valves (SG SVs) by new ones. These pilot operated safety valves have been 
manufactured by the French SEBIM group. A special pilot protective device control unit allows 
also remote controlled safety valve activation from the control rooms at any pressure, including 
low pressures. This makes is possible to use the valves for controlled release of water steam 
mixture from the secondary cooling circuit in case of a severe accident with total loss of electric 
power to the NPP so called “blackout” accident.  
 
3 Project implementation  

The project was implemented under the European Commission TACIS Nuclear Safety Programme.  

The purpose of the project was to replace 
the Steam Generator Safety Valves for the 2 
VVER 440 Units at ROVNO Nuclear Power 
Plant. 

In case of an incident, the Safety Valves limit 
over pressure in the Steam Generators. 

The project included design, manufacturing, 
test and delivery of the Safety Valves, 
documentation, training, supervision of 
installation, spare parts and consumable.  

Fig. 1 Steam Generator Safety Valve 

Organizations involved : 
Funding and logistic support : EC 
Installation and testing : ROVNO NPP 
On Site Assistance : EDF 
Beneficiary : ENERGOATOM 

End User : ROVNO NPP 
Procurement Agent : EURO PA 
Manufacturer : SEBIM 
Integration Studies : KIEP 

Time Schedule : 
1994-97: Basic design studies 
1994-98: Elaboration & approval of the Technical 
Specifications 
1998-99: Selection of Supplier & contract signing 
2000-01: Manufacturing & factory tests 
2001: Integration Studies of the equipment 
2001: Installation on Units 1&2 

Fig. 2 Inspection of the Safety Valves during the 
acceptance tests 



 

 Fig. 3 Discrepancy 
switches for remote 
control in Main 
Control Room 

 

4 Main Benefits of the 
project : 

Replacement of the 
obsolete Safety Valves 
by updated equipment 

Enable reliable 
operation of the Safety 
Valves with two-phase 
mixtures 

Provide monitoring of 
the position of the main and 
pilot valves 

Ease maintenance of the 
Safety Valves  

Enable remote control at low 
pressure 

Enable adjustment of the 
closing pressure of the Safety 
Valves 

Suppress leaking to the 
environment when operating 

 
Fig. 4 Synopsis of the Steam 
Generator Protection System 

 

Safety concern : 

The replacement of the Safety 
Valves is consistent with the 
safety enhancement 
programme approved by the 
State Committee of Ukraine 
for Nuclear Power Industry. 

The Safety Valves protect the 
Steam Generators shell and steam piping from a pressure increase above normal operating 
conditions and in emergency situations. 



 

Fig. 5 Cabling verification 
in the control command 
cabinets 

 

Outline of the system: 

The implementation of the 
new Steam Generator Safety 
Devices consisted in: 

Each Safety Valve is 
composed of a main valve 
and a pilot valve. 

A pilot-operated valve is 
autonomous. 

It does not need any 
auxiliary source of power to 
operate. 

The control system provides 
automatic electrical 

operation of the Safety 
Valves depending on the 
Steam Generator pressure 
measured by 3 sensors. 

The control system also 
enables remote manual 
operation from the Control 
Room. 

Main and pilot valves 
positions are given by 
position indicator lamps. 

Thermocouples activate 
alarms which enables 
leakage diagnostic. 

 
Fig. 6 Sensors to measure 
the Steam Generators 
pressures 

 

 

 

 


