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1. Background – safety significance  

Besides their basic function of protecting the primary coolant system against overpressure, 
safety valves (SV) on the pressurizer (PRZ) are nowadays required to be also available for 
mitigation of severe accidents (SA) in nuclear power plants (NPP). This results in additional 
requirements, which go beyond those originally set for these valves at the time the NPP 
was designed.  

In the transients and accidents included in the design basis, the valve should open when 
the pressure exceeds a certain setpoint, established above the normal operational pressure 
in the primary cooling system, and close when the pressure falls down. The medium which 
will flow through the safety valve under such conditions is steam.  

In principle, there is no reason why there should be a steam water mixture flowing across 
the safety valve. However, errors made by operators can result in such a situation and 
indeed such cases have already happened. If the valve and its piping are not qualified for 
steam-water mixture flows they can fail and then an important tool for pressure control 
will be lost. Since the modern nuclear safety philosophy assumes that the NPP should be 
able to cope not only with design accidents, but also have means for mitigating severe 
accidents, the safety valves being presently installed in NPPs are all qualified for steam 
water flows.  

A further requirement is connected with the possibility of station blackout, under which all 
alternating current power to the NPP safety systems is lost and the residual heat removal 
from the core is realised by evaporating the coolant. After evaporation of the coolant in 
the secondary cooling circuit the primary coolant is evaporated, and whenever possible 
additional coolant is injected into the primary system. This is so called “feed and bleed” 
technique, which permits to keep the core under water if only sufficient water can be 
brought to replace the evaporated coolant.  

The lower the pressure in the primary circuit, the more chances exist for successful 
injection of cooling water. When the pressure is down to the level of the pressure in 
passive emergency core cooling system injection tanks called hydro accumulators or briefly 
accumulators (6 MPa in WWER 1000 reactors) the tanks start injecting water to the core. 
When the pressure falls down further, more pumps or tanks become available and the 
injection gets easier. However, to get the primary pressure down, the operator should 



have the possibility of remote control of the pressurizer safety valves (PRZ SV) to open and 
close them even at pressures much lower than the nominal operational pressure in the 
primary circuit. Of course, valve position should be visible in the control room.  

Decreasing the pressure in the primary circuit in case of a severe accident is in addition an 
important means of severe accident management which assures that if the reactor 
pressure vessel should break, improbable as it is, the break will not be accompanied by a 
violent ejection of the content of the vessel into the containment. The analyses of severe 
accidents showed repeatedly, that prevention of high pressure scenarios with RPV break is 
an important and effective way of prevention of containment failure. In the case of low 
pressure scenario even after the RPV break the containment of the damaged reactor 
should maintain its integrity, which means that the accident consequences for the 
environment will not be severe. Thus, the ability to remotely open PRZ SV and to keep it 
open at low pressure has an important effect on the plant safety in case of severe 
accidents.  

The third set of requirements is connected with the phenomenon known as embrittlement 
of the reactor pressure vessel (RPV). When the RPV begins its operation, it is capable of 
operation at high pressures in a wide range of temperatures, but with neutron irradiation 
the brittleness of steel and welded joints increases and they become brittle in low 
temperatures. Then the reactor pressure vessel can be operated at full pressure in normal 
operating temperature range, but with temperature decrease the allowable pressure goes 
down. If the high pressure were applied to the RPV at room temperature, the vessel would 
break. The protection against this hazard is described in the IAEA book of safety issues as 
S01. Primary system cold overpressure protection and recognized as an issue of safety rank 
II for WWER 1000 reactors.  

In order to prevent such hazard, reactor operators apply a number of measures. When the 
reactor is in cold shutdown state, the risk of overpressure may be due to loss of residual 
heat removal system, imbalance between the charging and discharging rates of the 
primary side makeup system, spurious actuation of high pressure ECCS pumps or make-up 
pumps or spurious accumulators discharge. Consequently, to prevent overpressurization 
during low temperature operation, administrative measures are taken:  

• Accumulator lines are isolated, and the pressure in the accumulators is brought 
down to 3 MPa,  

• A nitrogen blanket is created in the PRZ when the circuit is close to critical point,  

• High pressure injection lines are isolated and the respective electric circuits of 
valves and pump drives are disconnected from the power network.  

Nevertheless, the IAEA issue book acknowledges that the protection against 
overpressurization can be lost due to a single human error, and the break of the RPV would 
affect plant Level 2 defence in depth against abnormal transients. Therefore in addition to 
various specific safety measures, in order to meet the whole content of the safety issue, 
an additional device is recommended to protect the primary circuit against the 
overpressurization during cold shutdown. This measure is ranked as safety issue rank II. 

The pressurizer safety valves installed under TACIS  programme meet all above described 
requirements and provide solutions to all those safety issues. 

 

2. Initial situation  
The purpose of the project was to modernize/reconstruct the primary circuit overpressure 
protection system of Medzamor NPP Unit 2 in order to solve the shortcomings/problems of 
the existing system which were:  
• no qualification of safety valves for steam-water mixture and water,  

• valve position indications were not available in control rooms, 



• cold overpressure protection of the primary circuit was not ensured, 

• the possibility of the «feed & bleed» procedure was not provided, 

• piping resistance to loads resulting from certain transient and accident situations 
was not guaranteed. 

The issue of “PRZ 
safety valves and 
relief valves 
qualification for 
water flow”, is 
related to 
situations in which 
the valves of the 
pressurizer would 
have to operate 
with water-steam 
mixture flow. 
Although the 
probability of such 
events is smaller in 
WWER 440 
reactors than in 
PWRs due to larger 
water inventory 
both in the 

secondary and primary system relative to reactor power, the cases when the water does 
flow through the valves would lead to valve failures and LOCA if the valves were 

unqualified.  

Moreover, in 
case of 

Anticipated 
Transient 

Without Scram 
(ATWS) or loss of 
secondary side 
heat removal, 
the valves of the 

pressurizer 
should be 
qualified for 
water flow to 
make feed and 
bleed procedure 
possible. In the 
case of original 
design of WWER 
440/230 units it 
is all the more 
important to be 
able to apply a 
feed and bleed 
procedure since 
there is no 

additional 



Emergency Feed Water System (EFWS) outside the turbine hall and the reliability of EFWS 
in the turbine hall is low.  

Also, in the case of severe accidents the pressure in the primary circuit, called also 
reactor coolant system (RCS), should be brought down to prevent high pressure path of 
the accidents. Having PRZ PORVs qualified for water or water-steam mixture flows is a 
necessary condition for such actions. 

 

3. Implementation of the project 

The safety valves chosen for Medzamor NPP were SEBIM tandem valves. One tandem set of 
SEBIM PORV consists of two consecutive identical valves, the first of them plays the role of 
a relief valve, the second one plays the role of a block valve ( cut-off valve). 

SEBIM impulse safety 
valve installed on the 
pressurizer of 
Medzamor NPP. 

SEBIM valve reliability 
is characterized by 
high safety function 
availability  (above 
99.99%) and low 
failure rates  

The issue of possible 
hazard of Sebim line 
break was solved in 
the process of Sebim 
valve design by having 
the main and isolation 
(or block valve) 
designed as a block, 
in one casing. So, 

rupture of the line between them is not possible.  

The design of the Sebim valves was developed following the latest requirements, one of 
them being that "secondary rupture points are not allowed". The calculation, and 
consequently hanging and fixing of the pipes was performed so as to satisfy that 
requirement. If a high energy line before the Sebim block is broken, there would be no 
whip effect to the other lines as a consequence.  

Both the safety valves and their lines are qualified for safe shutdown earthquake (SSE).  

Supplementary tandem valves of SEBIM type are consistent with the IAEA and consortium 
recommendations regarding qualification and reliability indicators. The valves are also 
qualified for feed and bleed operation, they have a manual control option and qualification 
for emergency operation environment. They satisfy the requirements set forth in the 
ASME, Boiler and Pressure Vessel Code, Section III [ASME III Code]. The diagnostic of 
potential leakage is carried out by temperature measurement after the valves and by ALUS 
system.  

The safety valves were delivered within the project G1 and installed in summer 2001, but 
the automatics for the valves were contracted and delivered later due to financial 
limitations.  

The achievement of this project has increased significantly the safety and reliability of 
the plant. 

 


