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ABSTRACT

The paper describes the use of system code RELAP5/mod2 in analysis of inadvertent
closing of the main steam isolation valve that happened in NPP Krsko on September, 25
1995. Three cases were calculated in order to address different aspects of the modelled
transient This preliminary calculation shoivs that, even though the real plant behaviour
isn 't completely reproduced, such kind of analysis can help to better understand plant
behaviour and to identify important phenomena in the plant during transient The result of
the calculation for the case no. 3, indicates that, with better understanding of status of the
plant systems, calculated results could be very similar to the plant data.

INTRODUCTION

The computer codes for nuclear power plant safety analyses are verified and validated using
the results of the transients performed on experimental facilities, and/or using results calculated
by more accurate computer codes. The most appropriate way to adjust the model to the
specific plant is comparison with the transient that really happened, so the model can be
applied for the analyses of similar transients. That is the reason why, when certain transients
happened, it is important to use the opportunity to evaluate the model of the plant.

The paper describes the use of system code RELAP5/mod2 in analysis of inadvertent
closing of the main steam Isolation valve that happened in NPP Kr§ko on September, 25 1995.
Transients of this type do not lead to the extreme plant conditions, but can be used to check
the model of control and protection system. Unfortunately, the data recorded on the plant
information system were not available and only rough sequence of event was known, so we
performed 'blind1 calculation. The final analysis and the comparison will be done in the future.
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MATHEMATICAL MODEL OF THE PLANT

For the purpose of this analysis, the models for pressurizer level and pressure control, steam
generator level control and turbine bypass (steam dump) system are included into already
existing RELAP5/mod2 nodalization for NPP Krsko. The standard RELAP5/mod2
nodalization for NPP Krsko.is shown in Figure 1. Total number of used control volumes is 250
(167 on the primary side and 83 on the secondary side). The volumes are connected using 190
junctions on the primary side and 83 junctions on the secondary side (total number of junction
is 273). Total number of active heat structures on the primary side is 191 and corresponding
number of the heat structures on the secondary side is 51. Of the total number of heat
structures 12 heat structures are active heat structures (with heat input) and they are used to
model reactor core. The heat input is table defined, taking into account change of the heat
power during scram and decay heat generation after reactor scram. The model of the
pressurizer level and pressure control system, as well as model of the steam generator level
control system, are introduced in existing standard nodalization. Two additional trips are
introduced to model SI actuation on low steam line pressure.

The steady state transient lasting 200 s is performed using new input deck. The results of
the calculation are verified against standard criteria for initial conditions accuracy:

- error in net heat power exchanged in the system <1%,

- error in system pressure <0.5%,

- coolant temperature error <1%,

- error in primary water flow and in steam flow in SGs <1%,

- error in heat losses calculation <5%.,

- error in total water mass in the system <1%.

DESCRIPTION OF THE EVENT

The inadvertent closing of the main steam isolation valve happened in NPP Krsko on
September, 25 1995 at 10:22. The NPP was at full power. Due to the different SG plugging
level, steam mass flow from the SG 2 and corresponding steam pressure were slightly higher
than in the SG 1. After malfunction in control circuit of the main steam isolation valve (MSIV)
1, the flow from the steam generator was stopped and steam pressure increased up to 0.778
MPa. In the same time, due to the higher steam flow from the steam generator 2, the steam
pressure decreased and SI signal was initiated at 0.54 MPa. Reactor scram, turbine trip and
main feedwater isolation were actuated on SI signal. Due to the very short time (1.2 to 1.4 s)
that passed between MSIV closure and reactor trip initiation, heat balance in the primary
system was only temporarily disturbed and there was no heatup of the coolant. In the meantime
the MSIV was closed on low steam pressure signal in steam line 2 and steam pressure in SG 2 .
started to increase. The pressures in both SGs were stabilised bellow SG PORV set point
around 50 s after transient initiation. All conditions in the plant were stable. Only first part of
the transient was analysed.
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Figure 1. NPP Krsko nodalization
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RESULTS

The calculation started after 200 s of steady state, from 100 % power, with the same
conditions in both steam generators (18 % U-tube plugging in both steam generators). MSIV 1
was closed and 500 s of transient was calculated.

The following cases were calculated in order to address different aspects of the modelled
transient:

1. Main steam isolation valve 2 closes at the beginning of the transient,

2. Main steam isolation valve 2 does not close at all,

3. Main steam isolation valve 2 closes at the beginning of the transient with the
assumption of leak through the both main steam isolation valves.

SI signal was registered around 1.5 s after MSIV 1 closure. In the first case the MSIV 2
was closed on low steam pressure around 2.4 after transient initiation (closure time is between
3 and 5 s). Steam pressure in both SGs is shown in Figure 2. The pressure increases after
closure of the valves till SG PORV set point. The combined capacity of the PORV and safety
valves is large enough to stop the pressure increase and cool the primary side. Characteristic
cycling of the valves can be identified on Figure 2 and corresponding steam flows from steam
generators are shown in Figure 3. The reactor scram was initiated early in the transient but
combined effect of the decreasing reactor power and accumulated heat was resulted in PORV
opening in order to establish heat balance in the plant. In real situation there were no actuation
of the valves and that suggest that our calculation wasn't able to reproduce real data.

The next case was started with assumption that there was no closure of the MSIV 2. This
assumption was used to define two bounding cases for this transient and to explore possible
deficiencies in the mathematical model and to explain difference between measured data and
calculation. In this case the pressure increase in both steam generators started after MSIV 1
closure, like in the previous case, but due to fact that MSIV 2 was opened the primary side
was cooled and power imbalance was smaller. Due to the smaller power imbalance pressure
increase reached the point where one steam generator is enough to transfer heat power from
the primary side after reactor scram. The maximum pressure is higher in isolated steam
generator, but both pressures are more or less constant after 200 s of transient (Figure 4).
Steam flow from the steam generators is shown in Figure 5. Almost constant steam flow from
the steam generator 2 was established after auxiliary feedwater flow initiation.

Behaviour of the steam generator pressure in the real case was somewhere between
pressures calculated in the first and the second case. In the real case there was no PORV
actuation and MSIV was closed. The pressure increase was limited with both pressures staying
close together after initial transient (measured value of the pressure in SG 1 was slightly
higher). The heat balance, calculated in the mathematical model, indicates that such kind of
behaviour was possible only if some additional mechanism of steam generators cooling, not
addressed in the original model, exists. The third calculation was started with working
assumption that there is a leakage in the steam generators after MSIV isolation. Assumed.
values of the leakage was 15 kg/s for first steam generator and 5 kg/s for second steam
generator. The greater mass flow in the first steam generator was used because that was the
only way to have smaller pressure in steam generator 1 which was isolated first. The calculated
pressure and steam flows are shown in Figures 6 and 7. These results show that it is possible to
reproduce real pressure behaviour if the real values of the flow outside steam generators are
known, that means if the real boundary conditions in the plan are known. In that case, the
model will be able to calculate accurate values of the plant parameters.

450



P 435020000 D
T1EKI8ROO

P 535020000 O
RELBP5/M0D2/36.S 04/02/96

60 120 I B0 240 300
T [ME IS I

360 420 480 S40 600

Figure 2. SG pressure behaviour in case when MSIV 2 is closed
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Figure 3. Steam mass flow vs. time in case when MSIV 2 is closed
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Figure 4. SG pressure behaviour in case when MSIV 2 is open
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Figure 5. Steam mass flow vs. time in case when MSIV 2 is open
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Figure 6. SG pressure behaviour in case when MSIV 2 is closed and leakage is taken into
account
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Figure 7. Steam mass flow vs. time in case when MSIV is closed and leakage is taken into
account
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CONCLUSION

This preliminary calculation shows that, even though the real plant behaviour was not
calculated, such kind of analysis can help to understand plant behaviour and to identify
important phenomena at the plant during transient. In normal analysis of the event, performed
by the plant staff, such things are usually not addressed because of lack of adequate analytical
tool. In most cases main goal is only to answer if there were any safety problems and if systems
and equipment performed as requested.

It could be concluded that the behaviour of the transient depends on the time of low steam
line pressure signal initiation and corresponding SI signal generation, as well as on the time of
MSIV 2 closure and possible loss of the steam from isolated steam generators. The control and
protection system of the plant performed as designed and the plant is brought into the safe
shutdown operation without any consequences. The result of the calculation for the case no. 3
is very similar to the plant data.
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