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▪ Two-unit VVER-440 nuclear power plant (2 × 1500 MWth / 507 MWe)

▪ Loviisa 1: 1977 

▪ Loviisa 2: 1981

▪ Hybrid design combining Soviet reactor technology with Western containment

▪ 6 loops, horizontal steam generators

▪ Westinghouse ice-condenser containment concept

▪ 4 x Pressurised hydro accumulators
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Loviisa Nuclear Power Plant
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Loviisa Nuclear Power Plant
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1. Containment 
2. Reactor building 
3. Filters for ventilation exhaust 
4. Reactor and control rods 
5. Emergency feedwater system
6. Low-pressure safety injection system 
7. Pressurised hydro accumulators 
8. High-pressure safety injection system 
9. Ice condenser 
10. Containment spray system 
11. Power supply from hydro power station 
12. Emergency diesel generators 
13. Diesel generators plant 
14. Severe accident diesel generators 
15. Auxiliary emergency feedwater pumps 
16. Containment external spray system 
17. Hydrogen removal (passive autocatalytic 

recombiners) 
18. Hydrogen removal (igniters) 
19. Boron supply system
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Reactor Cavity Flooding as a Severe Accident 
Management Measure
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▪ In Vessel Melt Retention (IVMR)

▪ Relatively large RPV  

▪ Low thermal power 

▪ No lower head penetrations

▪ Ice condensers and pressurised hydro accumulators as
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▪ Loviisa NPP model:

▪ 98 Control Volumes

▪ 170 Flow Paths

▪ 151 Heat Structures

MELCOR Modelling Approach
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▪ 6 primary circuit loops modelled as 4 loops

MELCOR Modelling Approach

Three loops
combined
here!
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MELCOR Modelling Approach
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MELCOR Modelling Approach
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Success Criteria

Failure Success
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No leak, no hydro accumulators,  
shutdown safety valve working as intended 
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No leak, no hydro accumulators, 
shutdown safety valve stuck open

21

T
e

m
p

e
ra

tu
re

 (
°C

)

W
a

te
r 

le
v

e
l (

m
)

Time (h)

Temperature of the RPV bottom

Water level in Reactor Cavity

Fuel relocates to the lower plenum



22

No leak, one hydro accumulators,
shutdown safety valve stuck open  
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Effect of Ice Condenser Melting Water
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Cumulative flow from hydro accumulator 
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Effect of Ice Condenser Melting Water

Cumulative flow out of RPV
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Effect of Ice Condenser Melting Water

Cumulative flow from ice condensers to SG room
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▪ MLOCA scenario with no hydro accumulators

▪ Simulation time 14 h
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Effect of DTMAX
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DTMAX (s) Simulation run time (h) Core support plate failure time (h)

0.1 41.7 9.0

0.2 10.3 8.7

0.3 33.3 9.9

0.4 22.8 9.9

0.5 11.11 8.8

0.6 10.8 8.7

0.7 8.6 8.6
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▪ Large LOCA
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Effect of Heat Structure nodalisation and concrete 
heat conductivity
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▪ Large LOCA
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Effect of MELCOR revision
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▪ Medium LOCA
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Effect of COR_EUT model

30

Mixture melting temperature (K)

Case Name Zr/SS Zr/Inc UO2/ZrO2

INT-MAT - - 2800

EUT-DEF 1210 1210 2450

EUT-MOD1 1300 1300 2700

EUT-MOD2 1230 1230 2500



▪ Medium LOCA
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Effect of COR_EUT model
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▪ COR_KCL materials shift one index in SNAP import/export

▪ Results all materials defined as Inconel to be interpreted as ZrO2
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Bug in MELCOR/SNAP 4.1.2
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Before:

After:



▪ No IVMR modelling here, only reactor cavity flooding

▪ The number of hydro accumulators were varied

▪ For most cases, no hydro accumulators were needed

▪ Ice condensers are an important source of water

▪ Some cases run considerably faster than others

▪ COR_EUT has a significant impact

▪ COR_KCL bug in older SNAP 4.1.2 version 
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SUMMARY
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