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ABSTRACT 

The paper presents RELAP5/MOD3.3 analysis of two abnormal events occurred in 
Krško NPP originating from sudden closure of Main Steam Isolation Valve (MSIV). Both 
events occurred before the SG replacement in 2000, the first one in September 1995 and the 
second one in January 1997. Valuable plant data were obtained from real plant transients and 
the RELAP5 code assessment was performed. Recently the last frozen version 
RELAP5/MOD3.3 has been released, before merging with another best-estimate thermal-
hydraulic system code TRAC into an integrated code. It is thus of utmost importance to assess 
models built in RELAP5 code against real plant transients before the code merger. A full two-
loop plant model, developed at “Jožef Stefan” Institute (JSI), has been used for the analyses. 
The model includes old Westinghouse D4 type steam generators (SGs) with assumed 18% U-
tubes plugged in both steam generators. In the first case a malfunction in the MSIV in SG-1 
caused inadvertent valve closure, while in the second case the valve stem has been broken in 
the SG-2, which also caused sudden valve closure. 

 

1 INTRODUCTION 

Available plant data from various abnormal events or incidents are of great importance 
for assessing large system thermal-hydraulic computer codes like RELAP5. Two similar 
abnormal events have occurred in NPP Krško, which is a two-loop Westinghouse PWR plant, 
on September 25th, 1995 at 10:22:06 and January 1st, 1997 at 8:33:30. Both transients were 
initiated by sudden closure of Main Steam Isolation Valve (MSIV). The first event in 1995 
was caused by a malfunction in SG-1 MSIV regulation, while the second event in 1997 was a 
consequence of SG-2 MSIV stem breach. The second event in 1997 resulted even in slightly 
faster MSIV closure than in 1995. Both events occurred with original Westinghouse W-D4 
steam generators installed. These were already considerably degraded and highly plugged in 
1995 (SG-1: 18.87 % and SG-2: 17.27 %). After extensive SG tube plugging during the 1996 
outage the plugging level was reduced (SG-1: 16.27 % and SG-2: 10.05 %) so the 1997 event 
occurred at somewhat different plant state. Nevertheless, for code assessment purposes such 
data from real plant transients are of exceptional value, no matter if parts of the primary and 
secondary system have been already replaced. 

Recently the last frozen version RELAP5/MOD3.3 has been released, before merging 
with another best-estimate thermal-hydraulic system code TRAC into an integrated thermal-
hydraulic code. It is thus of utmost importance to assess models built in RELAP5 code against 
real plant transients before the code merger. 
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2 RELAP5 MODEL DEVELOPMENT 

A full two-loop plant model, developed at JSI, has been used for the analyses [1], [2], 
[3], [4], [5] and [6]. The model includes old Westinghouse D4 type steam generators with 
assumed 18% U-tubes plugged in both steam generators. Regardless of the fact that the SG 
plugging level was slightly different at both events, for both transients the same RELAP5 
master input model was used for simulation. It accounted for 18 % SG tube plugging, 
reflecting the condition for which the plant was licensed before SG replacement and power 
uprate in 2000. The utilized model consists of 183 volumes, connected with 200 junctions. 
Plant structure is represented by 203 heat structures with 705 mesh points, while the reactor 
protection and regulation systems, safety systems operational logic and plant instrumentation 
is represented by 109 logical conditions (trips) and 180 control variables. The plant 
nodalization used for transient simulation is shown in Figure 1. 

 

Figure 1: NPP Krško nodalization scheme for RELAP5/MOD3.3 analysis 

The plant was operating at 1876 MWt core power and approximately 578.5 K average 
primary temperature in both cases. Primary pressure was about 15.5 MPa and the secondary 
pressure around 5.7 MPa, slightly differing for the 1995 and 1997 event. Some adjustments 
have been introduced into the original master input deck, mostly concerning valve closing 
times and characteristics (flow vs. valve area). MSIV-1 and MSIV-2 closure times were 
shortened from 5 to 1 sec for the 1995 event modeling. The MSIV-2 closure time was even 
shortened down to 0.1 sec for the 1997 event simulation, to capture fast closure due to stem 
breach.  

The only additional assumption in the model was introducing some small leak both 
through affected and intact MSIV after its closure. The leak flow has been set according to 
some engineering judgment, tuning the secondary side response to the plant data. With this 
adjustment very good agreement has been obtained between RELAP5/MOD3.3 code 
prediction and actual plant data. 
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Pressurizer level control was re-established in the RELAP5 model after Safety Injection 
(SI) signal. Chemical and volume Control System (CVCS) charging, letdown and spray flow 
were restored according to the plant data. SG feedwater flow was also governed according to 
the plant data. Reactor Coolant Pump (RCP) seal leak was not modeled. 

 

3 INITIAL CONDITIONS AND SEQUENCE OF EVENTS 

For each transient the master input deck has been initialized close to the actual plant 
steady state condition before the initiating event. Initial conditions for both simulations are 
shown in Table 1. Most of the most important plant parameters were matched closely by 
RELAP5/MOD3.3, which can be confirmed be proved observing various plant parameters. 

 

Table 1: Plant initial conditions before the MSIV closure event occurrence 

parameter 1995 event 1997 event 
Core power 1876 MWt 1876 MWt 
pressurizer pressure 15.47 MPa 15.47 MPa 
pressurizer level 62.3 % 62.8 % 
Taverage 578.5 K 578.8 K 
Thot (hot leg 1 / hot leg 2) 596.2 / 596.8 K 596.4 / 596.4 K 
Tcold (cold leg 1 / cold leg 2) 560.6 / 560.5 K 561.4 / 560.9 K 
SG1 / SG2 pressure 5.19 / 5.24 MPa 5.32 / 5.35 MPa 
SG1 / SG2 WR level 64.3 / 64.3 % 63.1 / 63.1 % 
SG1 / SG2 NR level 60.1 / 60.3 % 60.6 / 60.8 % 

 
The sequence of events as predicted by RELAP5/MOD3.3 for both transients is shown 

in Table 2. Exact sequence of events was not recorded at the plant but again good matching 
with plant data could be proved observing various plant parameters. 

 

Table 2: Sequence of events following the sudden MSIV closure in 1995 and 1997 

event 1995 event 1997 event 
Initial event 0 sec 0 sec 
Intact MSIV closure 2.9 sec 1.7 sec 
SI signal 2.9 sec 1.7 sec 
Turbine trip 3.0 sec 1.7 sec 
Scram 4.0 sec 2.7 sec 
Main feedwater closure 5.2 sec 3.8 sec 
RCP trip not occurred not occurred 
CVCS behavior plant data plant data 
Auxiliary feedwater flow plant data plant data 

 

4 RESULTS 

In the next diagrams only first 50 seconds of the calculation are compared to the 
experimental data, since later the course of the transient strongly depends on the operator 
actions (SI reset, CVCS charging and letdown flow, auxiliary feedwater flow - AFW). The 
CVCS and AFW flows were set to the values matching the plant data. The objective of this 
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study is to assess RELAP5 code against experimental data in the initial transient stage, when 
the plant and automatic regulation, protection and safety systems response to the initial event 
could verified. 

After the initial event the secondary steam flow in the affected SG was reduced rapidly 
in RELAP5 simulation, which caused a sudden pressure rise. On the contrary, steam flow has 
rapidly increased (Figure 2 and Figure 3) and the intact SG pressure drop was observed. After 
about 2-3 seconds this has simultaneously triggered SI signal and intact SG MSIV closure. 
Turbine tripped immediately after the intact MSIV closure, while the reactor trip occurred 1 
second later and, followed by main feedwater closure another 1 second later. 
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Figure 2: 1995 event – SG steam flow 
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Figure 3: 1997 event – SG steam flow 
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Plant data for secondary pressure evolution on Figure 4 show that the 1995 event was 
slightly slower than the 1997 event (Figure 5), which was captured closely in the RELAP5 
simulation in both cases. 
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Figure 4: 1995 event – SG pressure 
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Figure 5: 1997 event – SG pressure 

These differences can be explained by analyzing the details of both initiating events. In 
1995 the affected MSIV no.1 was closed smoothly because of the malfunction in regulation 
system, while in 1997 the stem breach caused uncontrolled oscillatory closing of MSIV no.2. 
In 1997 a large flow oscillation at the very beginning of the transient caused strong pressure 
oscillations and the MSIV closure signal was triggered earlier. Since the oscillatory closing of 
the MSIV could not be modeled in RELAP5 using motor valve (MTRVLV) component, those 
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differences between the two events could not be captured. Nevertheless, RELAP5/MOD3.3 
predicted most of the primary and secondary parameters very close to the plant data. 

Comparison of RELAP5/MOD3.3 primary parameters prediction indicates that 
matching with the plant data was not exactly as close as for secondary parameters, but still, 
good agreement was reached (Figure 6). The primary pressure rise in the RELAP5 simulation 
was slightly faster after the initial event than the plant recordings showed. Small disagreement 
in initial conditions and the expected error band in RELAP5 prediction could justify relatively 
small discrepancies. Plant data show that the initial pressure rise during 1995 event was 
slightly higher than during the 1997 event, which was correctly reproduced by 
RELAP5/MOD3.3. 
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Figure 6: Both events – pressurizer pressure 

 
The last parameter, which was compared to the plant data, was the pressurizer level 

(Figure 7). Again slightly sharper initial level rise could be observed in RELAP5 simulation 
in comparison with the plant data, similar as for the pressurizer pressure. Somewhat more 
moderate initial level rise was again observed in the 1997 event than in the 1995 event, which 
confirms the findings when observing pressurizer pressure. Some discrepancy originates in 
the difference in initial pressurizer level between plant data and RELAP5 calculation, but the 
parameter evolution trends were correctly predicted by RELAP5/MOD3.3. 

Another possible explanation could to justify the differences in primary parameters 
prediction could be in modeling spray flow and RCP seal leak flow, which contribute to 
correct primary pressure and inventory prediction. Those measurements were not available 
among the plant data, so there might be another source of inaccuracy. 

Other secondary parameters (SG levels) were also matched closely to the experimental 
data on the long term (1800 sec), since the feedwater flow was tuned to the experimental data. 
Besides, the introduced secondary leak was tuned to such values that SG pressures were also 
matched closely with the experimental data on the long term (1800 sec). 
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Figure 7: Both events – pressurizer level 

5 CONCLUSIONS 

Plant data were reproduced very well by RELAP5/MOD3.3, especially secondary 
parameters matched better because of the MSIV leakage tuning. Actual turbine flow at the 
plant was unknown, but turbine runback possibly occurred, causing additional secondary 
steam flow reduction. 

Exact event sequence was not recorded at the plant, but seems to be captured closely by 
MOD3.3. 

Some more discrepancies could be observed between plant data and RELAP5 
prediction, but these could be explained by differences in initial conditions and by the 
expected RELAP5 modeling accuracy. Some additional uncertainty originates in modeling of 
certain parameters, which were not measured at the plant and could thus not be verified and 
compared to the RELAP5/MOD3.3 calculated results. 
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