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Loviisa Nuclear Power Plant
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= Loviisa1:1977
= Loviisa2:1981

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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Containment

Reactor building

Filters for ventilation exhaust
Reactor and control rods
Emergency feedwater system
Low-pressure safety injection system
Pressurised hydro accumulators
High-pressure safety injection system
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
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16. Containment external spray system
¢ ©(g) 17. Hydrogen removal (passive autocatalytic
= .
) recombiners)
0016 18. Hydrogen removal (igniters)
19. Boron supply system @fortum
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Reactor Cavity Flooding as a Severe Acmde
Management Measure
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LT 4

In Vessel Melt Retention (IVMR)
= Relatively large RPV

= Low thermal power

= No lower head penetrations

= |ce condensers and pressurised hydro accumulators as
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4. Reactor and control rods

5. Emergency feedwater system

6. Low-pressure safety injection system
7. Pressurised hydro accumulators

9. Ice condenser

14. Severe accident diesel generators
15. Auxiliary emergency feedwater pumps

19. Boron supply system
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Reactor Cavity Flooding as a Severe Acadent
Management Measure
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4. Reactor and control rods R
5. Emergency feedwater system :
O 6. Low-pressure safety injection system
®) 7. Pressurised hydro accumulators
8 9. Ice condenser

14. Severe accident diesel generators
15. Auxiliary emergency feedwater pumps

19. Boron supply system

@fortum

Powering a thriving world



10

Reactor Cavity Flooding as a Severe Acadent
Management Measure
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4. Reactor and control rods RGN
5. Emergency feedwater system :

6. Low-pressure safety injection system

7. Pressurised hydro accumulators

9. Ice condenser

14. Severe accident diesel generators
15. Auxiliary emergency feedwater pumps

19. Boron supply system
@fortum

Powering a thriving world



Reactor Cavity Flooding as a Severe Accdent
Management Measure

@
4. Reactor and control rods
5. Emergency feedwater system
O 6. Low-pressure safety injection system
O 7. Pressurised hydro accumulators
O ® 9. Ice condenser
9B O
t o £

14. Severe accident diesel generators
15. Auxiliary emergency feedwater pumps
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19. Boron supply system
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4. Reactor and control rods

5. Emergency feedwater system

6. Low-pressure safety injection system
7. Pressurised hydro accumulators

9. Ice condenser

14. Severe accident diesel generators
15. Auxiliary emergency feedwater pumps

19. Boron supply system
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MELCOR Modelling Approach

= Loviisa NPP model:

= 98 Control Volumes

= 170 Flow Paths | g

= 151 Heat Structures ‘ -
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MELCOR Modelling Approach

= 6 primary circuit loops modelled as 4 loops

Three loops
combined
here!
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MELCOR Modelling Approach

Qp

Upper
Plenum |

o~ -

e

148

© @{

-1
1
» A=l4 @ 3 [

]

Bypass

P 4

()

-

Lower
Plenum

Downcomer

@fortum

Powering a thriving world



FFEAY

R :
RN

MELCOR Modelling Approach b s |
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Success Cr

Failure
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No leak, no hydro accumulators,
shutdown safety valve working as mtended
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No leak, no hydro accumulators,
shutdown safety valve stuck open
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No leak, one hydro accumulators,
shutdown safety valve stuck open
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Effect of Ice Condenser Melting Water
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Volume (m3)
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MLOCA, One hydro accumulator

Volume (m3)

Cumulative flow from ice condensers to SG room
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AV = 180.0 m3
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Effect of DTMAX

= MLOCA scenario with no hydro accumulators

= Simulationtimei14h

DTMAX (s)
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Effect of Heat Structure nodalisation anc

heat conductivity

= Large LOCA
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s | LOCA, dense nodalisation, k = 0.934 W/(m*K)
= LLOCA, dense nodalisation, k = 2.0 W/(m*K)
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Effect of MELCOR revision

= Large LOCA

Mass (kg)
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Effect of COR_EUT model

= Medium LOCA

Mixture melting temperature (K)

Case Name U02/Zro2
INT-MAT - - 2800
EUT-DEF 1210 1210 2450

EUT-MOD1 1300 1300 2700

EUT-MOD2 1230 1230 2500
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Effect of COR_EUT model

= Medium LOCA

Mass (kg)
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Bug in MELCOR/SNAP 4.1.2

= COR_KCL materials shift one index in SNAP import/export

= Results all materials defined as Inconel to be interpreted as ZrO2

Before: COR_KCL 4 In 1a 1ir xmclzr xmclzx xmclin xmclfc
1 2 1 320.3 -1.1 2¢7.6
2 4 1 27.0 -1.1 696.9
3 5 1 420.1 -1.1 0.0
4 10 1 1e9.0 -1.1 852.0
After: COR_KCL 4 In ia ir ¥mclzr xmclzx xmclin xmclfc
1 2 1 320.3 267 .6
2 4 1 27.0 696.9
3 5 1 420.1 0.0
4 10 1 169.0 852.0
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SUMMARY

= No IVMR modelling here, only reactor cavity flooding
= The number of hydro accumulators were varied

= For most cases, no hydro accumulators were needed
= |ce condensers are an important source of water

= Some cases run considerably faster than others

= COR_EUT has a significant impact

= COR_KCL buginolder SNAP 4.1.2 version
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THANK YOU!

Name  Decay heat Elements Flooding End time
(MW) ) (h) (h)
Case la 0.14 100 None 1440
Case 1b 0.14 100 720 1440
Case lc 0.14 100 864 1440
Case 2a 0.6 200 None 240
Case 2b 0.6 200 48 240
Case 2¢ 0.6 200 96 240
Case 2d 0.6 200 120 240
Case 3a 0.9 200 None 240
Case 3b 09 200 24 240
Case 3¢ 0.9 200 48 240
Case 3d 09 200 72 240
Case 4a 42 470 None 120
Case 4b 4.2 470 0 120
H Case 4¢ 42 470 12 120
apo FHarju Cocdd 42 a0 14 12

aapo.harju@fortum.com a
Fortum Power and Heat Oy
Finland
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