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1. Introduction 

 

A safety injection event happened by opening of the 

Main Steam Safety Valve at Kori unit 1 on April 16, 

2005. The safety valves were opened at the lower 

system pressure than the valve opening set point due to 

rapid system pressure drop by opening of the Power 

Operated Relief Valve installed at the upstream of the 

Main Steam System. But the opening mechanism of 

safety valve at the lower set point pressure was not 

explained exactly. So, it needs to be understood about 

the safety valve opening mechanism to prevent a 

recurrence of this kind of event at a similar system of 

Nuclear Power Plant.  This study is aimed to suggest the 

hydrodynamic mechanism for the safety valve opening 

at the lower set point pressure and the possibility of the 

recurrence at similar system conditions through 

document reviewing for the related previous studies and 

Kori unit 1 event.  

 

2. Main Steam System and Equipment 

 

The Main Steam System has the function to transfer 

the heat energy from Steam Generator to the Main 

Turbine. The Main Steam Pipe containing high energy 

can be broken by the over pressure. So the Main Steam 

Safety Valves are installed on the pipe by the 

requirement of ASME Code. This spring loaded safety 

valve is actuated on the pressure set point under steam 

condition. It cannot be actuated on saturated water 

condition normally.  

 

Figure 1. ASME section  power boiler safety valve Ⅰ

operation  

 

When the system pressure reached to the set point 

like Figure 1 the safety valve would be opened quickly 

like Figure 2. And this valve would be reclosed at the 

lower pressure than opening set point.  

 

 

Figure 2. ASME section  power boiler safety valve Ⅰ

operation  

 

3. Thermodynamic Phenomenon 

 

Two kinds of thermodynamic phenomenon are 

associated with the Main Steam Safety Valve opening 

event at the lower pressure than opening set point.  

 

3.1 Flashing Phenomenon  

 

Flashing is the instant evaporation phenomenon of 

saturated water, which can happen when rapid pressure 

drop occurs in closed system.  

 

Figure 3. Peak pressure trace of 4″, 6″, 8″ valve 

with flashing for quick open type  

 

Rapid pressure drop of the system containing 

saturated vapor and saturated water makes pressure 

peak phenomenon like Figure 3. This pressure peak 
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happens by shock wave followed vapor collapse after 

flashing. This pressure peak was 3~5 times of normal 

pressure at A.R Wolf experiment [1].  Also, the peak 

pressure was 2~7 times of normal pressure at computer 

code analysis of Han, Y.G, it lasted for 0.1~1.0 milli sec 

[2].  

 

3.2 Water Hammering Phenomenon 

 

Water hammer occurrences may occur due to pump 

starts or stops, control or isolation valve operation, 

check valve closure, safety or relief valve operations, 

turbine trips and the filling of normally empty systems 

[3].   

Usually, designs and procedures minimize the effects 

of these events and no damage occurs from them. 

There are other abnormal and unanticipated types of 

water hammer events like Figure.4 which are severe, 

and which may cause damage or profoundly affect plant 

operation. These events can be very complex and 

difficult to analyze, and often occur in the presence of 

two-phase flow.  

The pressure transient amplitudes in two-phase flow 

are not necessarily easy to analyze in complex systems 

where secondary or reflected waves may actually 

exceed the first transient in amplitude, depending on the 

configuration of the pipe.  

 

 
Figure 4. Low pressure discharge hammer 

 

4. Consideration of the Main Steam Safety Valve 

Opening Mechanism at the lower pressure than set 

point 

 

At Figure 5, the velocity of the saturated water 

accumulated in the Main Steam Pipe can be ignored if 

there is no change of discharged steam flow through 

PORV. Although there is discharge steam flow transient 

the saturated water velocity could not exceed 5m/sec 

that is the general design velocity of system water. This 

velocity energy can change to 20.6kg/㎠ with water 

hammer shock wave by calculation. The Kori unit 1 

safety valve cannot be opened by this additional 

pressure.  

 

Figure 5. Main Steam System conceptional 

drawing of Kori unit 1  

 

If there is flashing phenomenon by rapid opening of 

the PORV the system pressure exceeds the safety valve 

opening set point with shock wave by steam bubble 

collapse.  

 

5. Conclusions 

 

Some results were obtained through this study as 

following.  (1) The Main Steam System Pressure cannot 

reach to the safety valve opening point by only the water 

hammer induced by the condensed water flowing inside 

the Main Steam Pipe due to large steam flow change in 

condition of the Main Steam Isolation Valve closed.  (2) 

The Main Steam System Pressure cannot reach to the 

safety valve opening point by flashing of condensed 

water alone with rapid system pressure drop.  (3) Shock 

pressure lasting for 0.1~1.0 milli seconds followed by 

flashing and condensing can open five safety valves for 

1~2 second.  (4) At the condition of filled with 

condensed water to the safety valve nozzle, the safety 

valves cannot be opened because of 0.2~0.3 second 

delay time for flashing.  (5) It needs to be careful in 

operation not to make the shock pressure by condensing 

of bubble in pressurizer in period of making and 

breaking bubble during plant start up & shut down.  
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