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2. PIRT-SWG

2.1 FRERBITOZFEDOHL (3K PIRT)

WEE R W REMFUOEGERLEN T 57-0120F, Y7777 Mihr=
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2.4 ZEXH

[2-1] G.E. Wilson and B.E. Bouyack, “The role of the PIRT process in experiments
code development and code applications associated with reactor safety
analysis,” Nucl. Eng. Des., Vol. 186, pp.23-37 (1998).

[2-2] D. Magallon, A. Mailliat, et al., ” European expert network for the reduction
of uncertainties in severe accident safety issues (EURSAFE),” Nucl. Eng. Des.,

Vol. 235, pp.209-346 (2005).
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#F2-1 #UKSIPIRT CTRIESN/ZHE, HEEE LUV, ikl -~

BEELANL .
S . ; ; ; = \ H &
23 Yy RESH #1713 %2713 %3713 %4713 #5713 A AL P or
Th TJORTLs - ot
T CrowaT ot i) ERE TuTwl e wlw o lwlwlolalwlolalwlolclrlul u
E3= =) 178 1630 | 36 | 52| 60 | 48 | 47 | 42 | 87 | 5 | 12 | 161 | 4 | 38 | 132 | 67 | 102 ] 9 | 54
M Ta59FAYF 32 0111260 1 3|01 3|03 2006 2617 12]3] o0
RS ERA T/ efL—% 32 oo 2o 4|20/ 4|28 4]3 25|72/ |23[16]14|2] 2
RS54 v— 2 0 0] 22 0] 4 |20 0 4 204 1 196 3 11167 2
THAYF 2 0 22 116 [ 1716 17 46 4] 3 7 141109 4] 1
TEETA 32 0 7] 2[5 8 18|58 18|37 205710052 1
EHED L hT— 31 T 132605 | 26|05 |26 2 | 12171 12|18 2] 6 5] 0
THAY U hT— 123 21638 [ 2| 7 |37 |4 |49 31| 0|23 100] 1 |9 [113] 28 |8 13] o0
B F 164 0 [ 3] 26 | 1| 1 |32 |78 | 41 |19 | 21 | 72 |70 | 14 | 52 | 97 | 25 [123| 15 | 0
BREL—T 37 0 0] 20 0] 2 |29 2 ] 4 [3 |03 3] 28 2717137 0
INET 677 19| 61 | 278 | 61 | 107 | 286 | 175 | 164 | 308 | 43 | 142 | 490 | 43 | 144 | 465 | 212 | 372 | 67 | 60
RFAZILFYET 1 120 010140 0] 0 4] 0 04|69 |35 36|58 3 |2 |22 ]9 |19] 6
FSA45 L 105 0105 [ 0] 0 |5 | 0] 0 |50 4 |3 |28 |30 |30 |36 |16 74|15 45
N FSA9 Ay F 33 01 [ 28 |1 [ 1 (30| 1 [ 1 |30 145 |14 ] 172 |14 ]1a17] 2] 4
%%%mmg NYRSAL T Y R 40 olo|3 [o| o |3 |0/ o |3 | 7|7 |26/]5]5 |3]100]2]|7] 6
TIEOhT—
I e 20 010 330 0 [34] 00 [38] 9 9 22127 |21]i22]c6] 3
INET 358 0 | 1 187 1] 1 [190] 1 | 1 | 190|145 87 | 126 | 127 | 81 | 150 | 76 | 233 | 49 | 125
74‘“’_;?’:"” 16 oo afa| 2|8 |22 |n2lo|l2|o|lo|a]o]|7]09]0] 2
BFFEEDHE 65 0lo0 100 o0 [10] 0 o0 [10] 0 o0 11173 13|35 6|0 17
i FERS AMER 2 0lolo0 ool ololo]olo o ool 2 o1 1] ]o]l o
e FAL—>arony 30 010 9 ol o0 9]0 o0 9]0 o 9] 4 11 |15]o0 3]0 3
Ta—79 FRFIL 4 0]o0] 0 o] o oo ]olo]o oo 2 203 1 0] 1
EREHIE T—IL 6 00| 4 0] 0] 40 0] 4]0 0] 40240600
BET—IL 1 0lolo0]o]o]ololo]olo o oo o] 1 o1 o]l o
INET 124 01927 [3] 2 3] 21 2 3]0 2 3] 235 5 |4]16] 1080 23
e 150 | 19 | 71 | 492 | 65 | 110 | 507 | 178 | 167 | 533 | 188 | 231 | 649 | 193 | 281 | 657 | 304 | 713 | 116 | 208

) EEELANJLTIEH: High, M: Medium, L: Low, &3 L NJLTIXK : Known, P: Partially known, U:Unknown,
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EWUKF) PIRT THELD & < FIik L~V 5 TROWER O (1/2)

1st Phase | 2nd Phase | 3rd Phase | 4th Phase | 5th Phase
RPV Subsystem Ff:lMR:od Enti]oa';/;l);/ or RP\";ov'fa:ll or M::iml:m ConFoc;’\::t of
No. o |com ¢ Phenomena . ' SOK
PGV ponen Enthalpy Avr.Temp. Corium Press. and | Hydrogen,
for Core Maximum Temp.in | Oxygen and
Region Temp. PCV Steam

| 1] RPV |Core Zr-Water Reaction H M L H P
| 2] Heat transfer between core materials N/A H H H L P
_3 Radiation heat transfer between corium and structures N/A H H L L P
_4 Melting of control rod N/A H M L L P
_5 Physical properties of core materials N/A H H M M P
| 6] Corium relocation N/A H H M M P
_7 Molten pool behavior N/A H H L L P
_8 Oxidation reaction between corium and water N/A L H L M U
| 9 Solidification of corium N/A H H H M P
| 10 Melting of corium (particle and crust) N/A H H L L P
J Re—criticality N/A H H L L P
| 12 Instrumentation tube related behavior N/A M H M H P
i ;1:::;& FP deposition/accumulation L M M H H P
| 14] Driyer FP deposition/accumulation L M M H H P
| 19] Upper Head |FP deposition/accumulation L M M H H P
16 hLAi:: Steam FP deposition/accumulation L H H M H P
z Lower FP accumulation at leakage path M H H H H U
| 18] gz:vnr;r Heat transfer between core materials N/A N/A H M L P
| 19 Corium relocation N/A N/A H M M U
|20 Fuel-coolant interaction (FCI) N/A N/A H M M P
| 21] Solidification of corium N/A N/A H L L U
ﬁ Melting of corium (particle and crust) N/A N/A H L L P
ﬁ Physical properties of core materials N/A N/A H L L P
| 24 Debris bed properties and behavior N/A N/A H L L P
| 25| Lower Heat transfer between core materials/structures N/A N/A H M M u
| 26 head Debris bed properties and behavior N/A N/A H M L P
| 27| Oxidation reaction between structures/molten metal N/A L M L H P
| 28 Corium relocation N/A N/A H M M P
| 29| Molten pool behavior N/A N/A H M L P
| 30 Fuel-coolant interaction (FCI) N/A N/A H M M P
| 31] Solidification of corium N/A N/A H M L P
| 32 Physical properties of core materials N/A N/A H M M U
| 33 Melting of corium (particle and crust) N/A N/A H L L P
| 34 Re—criticality N/A N/A H M L P
| 35] Formation of gap between corium and lower head N/A N/A H M L P
| 36 Crack formation in lower head N/A N/A H M M P
| 37| Mechanical/Chemical damage of lower head N/A N/A H H M P
ﬁ Material relocation through control rod guide tubes N/A N/A H H H P
| 39) Material relocation through SRM/IRM/TIP/ICM N/A N/A H H H P
_40 Radiation heat transfer between corium and structures N/A N/A H L H P
| 4] Melting of lower head material N/A N/A H H H P
42 Sea salt effect N/A N/A H H H U
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BUK NIPIRT CEHEE N & < Ak L~ B+ TR WG ORI (2/2)

| 43 PCV |Pedestal |Heat transfer between core materials/structures L L L H H P
| 44] Cavity Debris bed properties and behavior N/A N/A N/A H L P
| 45 Corium relocation N/A N/A N/A H H U
ﬁ Molten corium concrete interaction (MCCI) N/A N/A N/A H H U
| 47 Heat transfer between core materials N/A N/A N/A H H P
| 48] Re—criticality N/A N/A N/A H L P
| 49 Oxidation reaction of pedestal wall L L L M H P
ﬁ Fuel-coolant interaction (FCI) N/A N/A N/A H H P
_51 Direct Containment Heating (DCH) N/A N/A N/A H H P
| 52] Pedestal water level change L L L H M P
| 53] Melting of structures in pedestal internal N/A N/A N/A H H U
| 54 Corium flow into sump pit N/A N/A N/A H H P
j Drywell Deposition situation of corium on pedestal floor N/A N/A N/A H M P
ﬁ Corium leak into connecting piping inside sump N/A N/A N/A H H P
j Leakage through containment vessel penetration L L L H H U
ﬂ Heat transfer between core materials/structures L L L H H P
ﬁ Drywell water level change L L L H M P
ﬁ Molten corium concrete interaction (MCCI) N/A N/A N/A H H U
| 61] Direct Containment Heating (DCH) N/A N/A N/A H H P
ﬁ Crust properties and formation/remelting behavior N/A N/A N/A H H P
| 63 Re—criticality N/A N/A N/A H L P
ﬂ Oxidation reaction of drywell structures L L L M H P
|69 Melting of structures in drywell internal N/A N/A N/A H H U
| 66] Heat release from drywell wall L L L H H P
| 67] Drywell Mechanical damage of drywell head L L L H H P
ﬁ Head Pressure loss of bulk head plate in head L L M H P
| 69 FP accumulation at leakage path M H H H H U
i Direct Containment Heating (DCH) N/A N/A N/A H H P
Al D"VWF“" Mechanical damage of pipe line L L L H H P
l ::zt fine Direct Containment Heating (DCH) N/A N/A N/A H H P

73 downcomer|Change of failure crack area on bellows L L L H H P
E to Wetwel Leakage through bellows L L L H H P
| 75] Water level change in Drywell/Wetwell ventilation line L L L H M u
j Wetwell Mechanical damage of wetwell L L L H H P
l Leakage from wetwell N/A N/A N/A H H P

78 I(:La:ei:nnser Leakage from wetwell L H H N/A M P

79|R/B |R/B Gas/water leak N/A N/A N/A N/A H P
E S:tr:partm PCV ventilation piping sheet degradation N/A N/A N/A N/A H P
ﬁ Gas reflux flow through PCV ventilation line and stack N/A N/A N/A N/A H P
| 82 Gas reflux flow through PCV N/A N/A N/A N/A H P
| 83 Mixing and accumulation N/A N/A N/A N/A H P
| 84] Hydrogen flame and combustion N/A N/A N/A N/A H P
| 85] Gas mixing and composition fraction change N/A N/A N/A N/A H P
| 86] Operation |Gas mixing and composition fraction change N/A N/A N/A N/A H P
i floor Hydrogen flame and combustion N/A N/A N/A N/A H P

88 Elaonv:ut Opening of the blowout panel N/A N/A N/A N/A H P
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1. In-vessel Release

2106 | Pellet form change and radionuclides release | High P
at the time of the clad rupture

2107 | Radionuclides release after pellet is exposed | High U
to the atmosphere in the core by clad melting

2108 | Radionuclides release from molten fuel High High U

2111 | Influence on iodine/cesium chemical form and | High U
hydrogen production frommolten/re—solidified
fuel due to the B4C control rod existence

2. Gas/Aerosol Behaviour in Vessel, Loop, and Steam line

2201 ‘ Condensation/Re—vaporization/Adsorption High = High K

3. Transport in RPV and PCV

2301 | Leakage via instruments, penetration, etc High High High P

2302 | Leakage via gasket High High High P

2303 | Leakage by RPV damage High High p

4.Ex-vessel Release

2401 | MCCI (Concrete erosion) || High | High p

5. Aerosol Behaviour in Containment

2501 | Scrubbing by steam flow from SRV to S/C High K

2502 | Scrubbing with the vent from D/W to S/C High High P

2503 | Scrubbing due to water injection to the High P
pedestal floor

2507 | Condensation / Re—vaporization / Adsorption High K

2513 | Deposition by gravitational settling High K

6. Transfer out of Containment

2601 | Leakage via  instruments, penetrations, High High p
gasket, etc

2602 | Wetwell vent High High P

2603 | Drywell vent High High P

2605 | Migration of radioactive material by the High U
injection water into the reactor

7. Aerosol Behaviour in Reactor Building

2701 | Aerosol Behaviour in Reactor Building L///////é High K
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8. Iodine chemistry

2801 | Generation of acidic substances by radiolysis High P

2802 | Hydrolysis High P

2803 | Re—volatilization of iodine by acidification High p
pH decrease

2804 | Iodine chemical reaction in water pool High P

2805 | Decomposition reaction of iodine in the High P
atmosphere

2806 | Transfer between gas phase and water pool High p

2807 | Recombination reaction of iodine in the High p
atmosphere

2808 | Wall deposition of iodine in the atmosphere High P

2809 | Wall adsorption and desorption of iodine by High P
chemical adsorption process

2810 | Effect of impurities in the water pool High p

2811 | Iodine chemistry under high water temperature High P
conditions

2812 | Effects of seawater High U

2813 | Iodine release from R/B contaminated water High High U

9. Chemical form (Iodine, Cesium)

2901 | Re—evaporation of 12 by the decomposition of High K
Csl

2902 | Effects of seawater High U

2903 | A generation ratio for the inorganic iodine of High P

the organic iodine
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

7% 2-5  EUKT) PIRT

1st 2nd phase 3rd phase 4th phase 5th phase
phase
Relocation Hydrogen
Fuel Fuel Melting from the PC\./. Leak
Heat Up Deposition .
Core and Explosion
RPV Subsyst Phenomenon
or em/ (Ranking scale: FoM: SoK
peV Compo Importance: High, Medium, Low, N/A FoM: Maximum FoM: FoM:
nent Sok(state of knowledge): Known, Partially known, Unknown FoM: Enthalpy or Temperature Maximum Concentration
Fuel Rod Teér\lleer?g:ne in RPV wall Preas;]sdure of Hydrogen,
Enthalpy P or Corium Oxygen and
for Core . Temperatu
y Maximum : Steam
Region rein PCV
Temperature
RPV Core Core Water Level Change H H M M M K
Core Flowrate Change H H M M L K
Core Coolant Temperature Change H L L L L K
Core Pressure Change H H H H M K
Boiling due to Depressurization H L L L L K
Gap Conductance between Fuel Pellets and Cladding H L L L L K
Gas (Conden_sable/lncondensable) Temperature Change in M L L M M K
Channel Region
Temperature Change in Fuel Cladding H H L L M K
Temperature Change in Fuel Pellets H H L L M K
Temperature Change in Control Rods L M L L P
Decay Heat in Intact Fuel Assemblies H M L L L K
Gamma Ray Heat Generation in Core Internals (Except Fuel L L L L L K
Rods)
Temperature Change in Gaps between Fuel Pellets and M L L L M K
Cladding
Temperature Change in Channel Boxes M H L L M P
Temperature Change in Tie Plates L L L L L K
Temperature Change in Spacers L L L L L K
Heat Transfer between Water and Fuel Cladding H H L L L K
Heat Transfer between Water and Channel Boxes M M L L L K
Heat Transfer between Water and Control Rods L M L L K
Heat Transfer between Water and Tie Plates L L L L L K
Heat Transfer between Water and Spacers M L L L L K
Heat Transfer between Fuel Cladding and Spacers L L L L L K
Heat Transfer between Fuel Cladding and Gas H H L L M K
Heat Transfer between Fuel Pellets and Gas M L L L L K
Heat Transfer between Channel Boxes and Gas L L L L M K
Heat Transfer between Control Rods and Gas L M L L K
Heat Transfer between Tie Plates and Gas L L L L L K
Heat Transfer between Spacers and Gas L L L L L K
Hydrogen Absorption in Fuel Cladding M M L L M K
Fuel Pellets Composition (Including MOX Fuels and
Gd203) M M L L M K
Fuel Rod Growth (Cladding Irradiation Growth) M L L L L K
Pressure Change in Gap between Fuel Pellets and Cladding M M L L L K
Gas Composition Change in Gap between Fuel Pellets and M L L L L K
Cladding
Balooning of Fuel Cladding M L L L L P
Contraction of Fuel Cladding Outer Diameter (Creep Down) M M L L L K
Fuel Cladding Rupture L L L L L K
Changes in Bonding Status of Fuel Pellts to Cladding L L L L L P
Pellet Cracks, Grains and Relocation in Cladding M L L L L P
Water Flow into Gap between Fuel Pellets and Cladding N/A N/A N/A L M P
Steam Flow into Gap between Fuel Pellets and Cladding M M L L M P
Zr-Water Reaction Facilitation by Water Flow into Gap
between Fuel Pellets and Cladding N/A NIA NIA L i P
Core Axial Power Distribution Change H H L L M K
Core Radial Power Distribution Change H H L L M K
Fuel Axial Exposure(Burn-up) Distribution M H L L M K

2-12




45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

Fuel Radial Exposure(Burn-up) Distribution

Pressure Loss Change for Core Flow Paths

Changes in Flowrate Distribution between Fuel Channels
and Bypasses

<

Changes in Flowrate Distribution in each Fuel Channel

Changes in Pressure Loss at Core Inlet

Pressure Loss Increase by Fuel Cladding Swelling

Change in 2-Phase Flow Regime Status in Fuel Channels

Change in 2-Phase Flow Regime Status in Bypass Regions

N ENENENES

Gas Natural Circulation above Water Level

I

T

CCFL at Upper Tie Plate

CCFL at Bypass Region

CCFL at Core Inlet

Changes in Gas Composition in Core Region

=Tl |=2

S I B =

Changes in Gas Spatial Distbution in Core Region

E<

<

Changes in Gas Mixture Properties in Core Region

Changes in the Amount of Residual Burnable Poisons

Changes in Properties of Fuel Materials

Changes in Properties of Core Internals

Zr-Water Reaction Including Oxidation and Hydrogen
Production

SUS-Water Reaction Including Oxidation and Hydrogen
Production

Reaction between Water and Other Substances (e.g. B4C),
Including Oxidation and Hydrogen Production

Heat Transfer between Water(Liquid Phase) and Corium

N/A

Heat Transfer between Gaseous Phase and Corium

N/A

Heat Transfer between Fuel Cladding and Corium

N/A

Heat Transfer between control rods and Corium

N/A

Heat Transfer between Channel Boxes and Corium

N/A

Heat Transfer between Core Shroud and Corium

N/A

Heat Transfer between Water Rods (or Channels) and
Corium

N/A

Heat Transfer between Water(Liquid Phase) and Particulate
Corium

N/A

Heat Transfer between Gaseous Phase and Particulate
Corium

N/A

Heat Transfer between Fuel Cladding and Particulate
Corium

N/A

Heat Transfer between control rods and Particulate Corium

N/A

Heat Transfer between Channel Boxes and Particulate
Corium

N/A

Heat Transfer between Core Shroud and Particulate Corium

N/A

Heat Transfer between Water Rods (or Channels) and
Particulate Corium

N/A

Heat Transfer between Water(Liquid Phase) and Crust

N/A

Heat Transfer between Gaseous Phase and Crust

N/A

Heat Transfer between Fuel Cladding and Crust

N/A

Heat Transfer between control rods and Crust

N/A

Heat Transfer between Channel Boxes and Crust

N/A

Heat Transfer between Core Shroud and Crust

N/A

Heat Transfer between Water Rods (or Water Channels)
and Crust

N/A

Heat Transfer between Crusts and Corium

N/A

Heat Transfer between Core Support Plate and Corium

N/A

Heat Transfer between Core Support Plate and Crusts

N/A

Heat Transfer between Core Fuel Support Coupling and
Corium

N/A

Radiation Heat Transfer among Fuel Rods

Radiation Heat Transfer between Channel Boxes and Fuel
Rods

Radiation Heat Transfer between Water Rods (or Water
Channels) and Fuel Rods

Radiation Heat Transfer among Channel Boxes

Radiation Heat Transfer between Channel Boxes and Core
Shroud

Radiation Heat Transfer between control rods and Core
Shroud

Radiation Heat Transfer between control rods and Channel
Boxes
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98

929

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

Radiation Heat Transfer between Corium and Shroud N/A H H
Radiation Heat Transfer between Crusts and Shroud N/A M M
Radiation Heat Transfer between Particulate Corium and N/A M M
Shroud
Ela;?leatlon Heat Transfer between Corium and Core Support N/A H H
Radiation Heat Transfer between Crusts and Core Support N/A M M
Plate
Radiation Heat Transfer between Particulate Corium and
N/A L L
Core Support Plate
Fuel Pellet Expansion(Thermal Expansion, Gas Swelling,
" M M L
Solid Swelling)
FP Absorption into Fuel Pellet L L L
FP Release from Pellet to Gap between Fuel Pellets and M M L
Cladding (Gap Release)
FP Release from Damaged Fuel Rods to Channel Region M M L
Melting of Fuel Cladding N/A H M
Melting of Fuel Pellet N/A H M
Melting of control rod N/A H M
Melting of Channel Box N/A H M
Melting of Spacers N/A M L
Melting of Tie Plates N/A M L
Phase changing condition change for core materials
. " . N/A H H
(including eutectic)
Fuel Rod Collapse and Moving to the Lower Region N/A H H
Channel Blockage by Collapsed Fuel Rods N/A H M
Melted Fuel ‘Candling N/A H M
Channel and Bypass Blockage by Melted Fuel N/A H M
Corium Temperature Change N/A H H
Formation of Molten Pool N/A H H
Natural Circulation in Molten Pool N/A H H
Molten Core Flow out of Crust Crack N/A H H
Corium Transverse Flow above Blocked Flowpaths N/A H H
Corium Spatial Distribution N/A L H
Vaporization inside Corium (including FP release) N/A M M
Decay Heat Generation from Corium N/A H H
Corium-Water Reaction (Including Oxidation and Hydrogen
. N/A L H
Production)
Changes in Corium Properties by Mixed Composition N/A H H
Crust generation by solidification of corium N/A H H
Corium relolcation type through breached core support plate N/A N/A H
Change in Ablated Area for Core Support Plate N/A N/A H
Changes in Particle Corium (Debris) Composition N/A L L
Changes in Particle Corium Shape and Size N/A L L
Particulate Corium (Debris) Relocation N/A L M
Particle Corium Uneven Distribution N/A L L
Crust Formation on Fuel Cladding N/A M M
Void Generation inside Crust N/A M M
Water Flow around Crust N/A M M
Gaseous Flow around Crust N/A M M
Formation of Crust Crack N/A M M
Crust Temperature Change N/A M M
Changes in Crust Properties by Mixed Composition N/A M M
Crust-Water Reaction (Including Oxidation and Hydrogen N/A M M
Production)
Water Flow into Crust N/A M M
Crust remelting due to change in the heat transfer status to
N N/A H H
corium or water
Particulate corium remelting due to change in the heat N/A H H
transfer status
Decay Heat Generation from Crust N/A M H
Molten Core Re-Criticality N/A H H
Molten Core Reflooding by Injection Restart N/A H M
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150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

FP deposition on core internals L L L M
FP re-vaporization L L L M
Decay heat generation from FP L L L M
FP reaction including iodine chemistry L L L L
Adsorption and release of gaseous FP L L L L
Corium Jet through Breached Core Support Plate N/A N/A M M
Corium Flow into co_mrol rod guide tubes through Breached N/A N/A L L
Fuel Support Coupling
Corium Flow to the Downcomer through Breached Core N/A N/A L L
Shroud
Corium Flow out of the Core Inlet Orifice N/A N/A L L
Corium Solidifcation inside Fuel Support Coupling N/A N/A L L
Instrumentation Tube Break N/A M M M
Corium Flow into Instrumentation Tube N/A M L M
Water Flow into Instrumentation Tube N/A M L M
Corium Solidifcation inside Instrumentation Tube N/A M H M
Gas Leak Flow into Instrumentation Tube N/A M L H
Water Radiolysis L L L L
Seasalt intake to corium N/A M M M
Seasalt impact for corium thermodynamic properties N/A M L L
Seasalt impact for FP reaction and composition L L L L
Corrosion of Core Internals by Seasalt (including Marine
A L L L L
Lives)
Impact of Seasalt Deposition on Heat Transfer M M L L
Channel (Bypass) Flowpath Blockage by Seasalt Deposition L M L L
Seasalt Dissolution by Reflooding L M L L
Influence on Heat Transfer by Seasalt Concentration
L L L L
Change
Influence on Instrumentation and Measurements by Seasalt
L L L L
Concentration Change
Corrosion of Core Internals by Boron L L L L
Impact of Boron Deposition on Heat Transfer L L L L
Channel (Bypass) Flowpath Blockage by Boron Deposition L M L L
Boron Dissolution by Reflooding L L L L
Shroud Radiation Heat Transfer between Intact Fuel Rods and M L L L
head Shroud Head
Radiation Heat Transfer between Corium and Shroud Head N/A L L M
Radiation Heat Transfer between Crust and Shroud Head N/A L L L
Radiation Heat Transfer between Shroud Sidewall and L L L L
Shroud Head
Radiation Heat Transfer between Particulate Corium and
Shroud Head NiA - L L
Heat Transfer between Gas and Shroud Head L L M M
Shroud Head Break or Deformation by Thermal Stress L L L L
Shroud Head Oxidation with Steam (Including Reaction L L L M
Heat and Hydrogen Production)
Gamma Ray Heat Generation in Shroud Head L L L L
Temperature Change in Shroud Head Structure L L L L
Droplet Spray N/A L L L
Droplet Deposition on Shroud Head Structure N/A L L L
Condensation Heat Transfer on Shroud Head L L L L
Pressure Change in Shroud Head L M L M
Gas Flow in Shroud Head L L L L
Gas Composition Change in Shroud Head L L M M
Gas Temperature Change in Shroud Head L L M M
FP deposition on shroud head L L L L
FP re-vaporization L L L L
Decay heat generation from FP L L L L
FP Leakage from Flange between Shroud Sidewall and L L L L
Head
FP reaction including iodine chemistry L L L L
Gas Leakage from Flange between Shroud Sidewall and
L L L L
Head
Corrosion of Shroud Head by Seasalt (Including Marine L L L L

Lives)
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203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

Standpi
pe &
Separat
or

Dryer

Influence for heat transfer by salt deposition L
Spray Nozzle Blockage by Seasalt Deposition L
Re-solution of salt by reflooding L
Seasalt impact for FP reaction and composition L
Corrosion of Shroud Head by Boron L
Influence for heat transfer by boron deposition L
Spray Nozzle Blockage by Boron Deposition L
Re-solution of boron by reflooding L
Radiation Heat Transfer between Intact Fuel Rods and

- L
Standpipe/Separator
Radiation Heat Transfer between Corium and N/A
Standpipe/Separator
Radiation Heat Transfer between Crust and N/A
Standpipe/Separator
Radiation Heat Transfer between Intact Control Rod and L
Standpipe/Separator
Radiation Heat Transfer between Shroud Structure and L
Standpipe/Separator
Radiation Heat Transfer between Particulate Corium and

N N/A
Standpipe(Separator)
Heat Transfer between Gas and Standpipe/Separator L
Standpipe/Separator Temperature Change L
Gamma Heat Generation in Standpipe/Separator L
Condensation Heat Transfer on Standpipe/Separator L
Pressure Change in Standpipe/Separator L
Gas Temperature Change in Standpipe/Separator L
Gas Flow in Standpipe/Separator L
Gas Composition Change in Standpipe/Separator L
Standpipe/Separator Break or Deformation by Themal L
Stress
Standpipe/Separator Oxidation with Steam (Including L
Reaction Heat and Hydrogen Production)
FP deposition on standpipe/separator L
FP re-vaporization L
Decay heat generation from FP L
FP reaction including iodine chemistry L
Corrosion of Standpipe/Separator by Seasalt (Including L
Marine Lives)
Influence for heat transfer by salt deposition L
Pick-off Ring Flowpath Blockage by Seasalt Deposition L
Separator Inlet Flowpath Blockage by Seasalt Deposition L
Re-solution of salt by reflooding L
Seasalt impact for FP reaction and composition L
Corrosion of Standpipe/Separator by Boron L
Influence for heat transfer by boron deposition L
Pick-off Ring Flowpath Blockage by Boron Deposition L
Separator Inlet Flowpath Blockage by Boron Deposition L
Re-solution of boron by reflooding L
Standpipe/Separator Tilt by Shroud Head Deformation L
Dryer Temperature Change L
Gamma Heat Generation in Dryer L
Heat Transfer between Gas and Dryer L
Condensation Heat Transfer on Dryer L
Pressure Change in Dryer L
Gas Flow in Dryer L
Gas Temperature Change in Dryer L
Gas Composition Change in Dryer L
Dryer Break or Deformation by Thermal Stress L
Dryer Oxidation with steam (Including Reaction Heat and L
Hydrogen Production)
FP deposition on dryer L
FP re-vaporization L
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255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

Decay heat generation from FP L M M H H
FP reaction including iodine chemistry L L L L L
Corrosion of Dryer by Seasalt (Including Marine Lives) L L L L L
Influence for heat transfer by salt deposition L L L L L
Dryer Flowpath Blockage by Seasalt Deposition L L L L L
Re-solution of salt by reflooding L L L L L
Seasalt impact for FP reaction and composition L L L L L
Corrosion of Dryer by Boron L L L L L
Impact of Boron Deposition on Heat Transfer L L L L L
Dryer Flowpath Blockage by Boron Deposition L L L L L
Re-solution of boron by reflooding L L L L L
Dryer Structure Tilt L L L L L
Upper | peat Transfer b Gas and Upper Head Wall L L L H M
Head eat Transfer between Gas and Upper Head Wal
Gamma Heat Generation in Upper Head L L L L L
Upper Head Temperature Change L L L M M
Radiation Heat Transfer from Upper Head to Drywell Head M M M H L
Condensation Heat Transfer on Upper Head L L L L L
Pressure Change in Steam Dome L M M H H
Gas Flow in Steam Dome L L L L L
Gas Temperature Change in Steam Dome L L L H M
Gas Composition Change in Steam Dome L L L L H
Upper Head Oxidation with Steam (Including Reactin Heat
" L L L L M
and Hydrogen Production)
FP deposition on upper head L M M M M
FP re-vaporization L M M M M
Decay heat generation from FP L M M M M
FP reaction including iodine chemistry L L L L L
Gas Leakage from RPV flange to Drywell Head L H H M H
Corrosion of Upper Head by Seasalt (Including Marine
f L L L L L
Lives)
Influence for heat transfer by salt deposition L L L L L
Re-solution of salt by droplet L L L L L
Influence on Instrumentation and Measurements by Seasalt L L L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L L L
Corrosion of Upper Head by Boron L L L L L
Influence for heat transfer by boron deposition L L L L L
Re-solution of boron by reflooding L L L L L
Degradation or Falling of Lagging Material M M M M L
Main Main Steam Line Creep Rupture N/A M M L L
Steam
Line Break Flow from Main Steam Line Break N/A M M L L
Gas Flow in Main Steam Line L L L L L
Pressure Change in Main Steam Line L M M H H
Gas Temperature Change in Main Steam Line L M M H M
Gas Composition Change in Main Steam Line L L L L H
Main Steam Line Temperature Change L M M L L
Heat Transfer between Gas and Main Steam Line L L L M L
Heat Transfer between water and Main Steam Line L L L L L
Condensation Heat Transfer on Main Steam Line L L L L L
Heat Transfer to Drywell through Lagging Material L L L L L
Safety Relief Valve Opening Characteristics M H H L H
Leakage from Safety Relief Valve to Drywell M H H L H
Pressure Loss at Safety Relief Valve M H H L M
Safety Relief Valve Temperature Change L L L L L
Heat Transfer between Gas and Safety Relief Valve L L L L L
Blowdown Piping
Safety Relief Valve Blowdown Piping Break L L L L L
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344
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347

348
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350

351

352

353

354

355

356

357

358

359

Safety Relief Valve Blowdown Piping Break Flow L L L L L
MSIV Closure M M M M M
Pressure Wave by MSIV Closure L N/A N/A N/A N/A
Gas Leakage from MSIV M M M M M
FP deposition on main steam line L L L M M
FP re-vaporization L L L M M
Decay heat generation from FP M H H M M
FP accumulation at leakage path M H H H H
Radiation heat transfer to drywell L L L L L
Influence on Heat Transfer by Seasalt Concentration
L L L L L
Change
Influence on Instrumentation and Measurements by Seasalt L L L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L L L
FP reaction including iodine chemistry L L L L L
Failure of RPV nozzle welding by thermal stress N/A M M M L
Degradation or Falling of Lagging Material L L L L L
Upper
down Heat Transfer between Gas and Upper Downcomer Wall L L L M M
comer L
Gamma Heat Generation in Upper Downcomer Wall L L L L L
Upper Downcomer Wall (and Feedwater Sparger)
L L L L M
Temperature Change
Condensation Heat Transfer on Upper Downcomer Wall
L L L L L
(and Feedwater Sparger)
Pressure Change in Upper Downcomer L M M H M
Change in water level in upper down comer H L L L L
Gas Flow in Upper Downcomer L L L L L
Gas Temperature Change in Upper Downcomer L L L H M
Gas Composition Change in Upper Downcomer L L L L H
Upper Downcomer Wall (and Feedwater Sparger) Break or
” L L L L L
Deformation by Thermal Stress
Upper Downcomer Wall (and Feedwater Sparger) Oxidation
with Steam (Including Reaction Heat and Hydrogen L L L L M
Production)
FP deposition on upper down comer L L L M M
FP re-vaporization L L L M M
Decay heat generation from FP L L L M M
FP reaction including iodine chemistry L L L L L
Radiation heat transfer to drywell M M M M L
Corrosion of Upper Head by Seasalt (Including Marine
A L L L L L
Lives)
Influence for heat transfer by salt deposition L L L L L
Re-solution of salt by reflooding L L L L L
Influence on Instrumentation and Measurements by Seasalt
L L L L L
Concentration Change
Corrosion of Upper Head by Boron L L L L L
Influence for heat transfer by boron deposition L L L L L
Re-solution of boron by reflooding L L L L L
Seasalt impact for FP reaction and composition L L L L L
Gas Flow to Main Steam Line L L L M M
FP Flow to Main Steam Line L L L M M
Gas Flow to Feedwater Line L L L M M
FP Flow to Feedwater Line L L L M M
Heat Transfer to Drywell through Lagging Material M M M M L
Failure of RPV nozzle welding by thermal stress N/A M M M L
Degradation or Falling of Lagging Material M M M M L
Ilat;(v\:/er Heat transfer between water and shroud wall L H H L L
Heat transfer between water and jet pump L L L L L
Heat transfer between water and pump deck L L L L L
Heat transfer between water and RPV wall L L M L L
Heat transfer between gas and shroud wall L L L M L
Heat transfer between gas and jet pump L L L L L
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394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

Heat transfer between gas and pump deck L L L
Heat transfer between gas and RPV wall L L L
Heat transfer between water and corium N/A N/A H
Heat transfer between gas and corium N/A N/A M
Heat transfer between corium and shroud wall N/A N/A H
Heat transfer between corium and jet pump N/A N/A M
Heat transfer between corium and pump deck N/A N/A M
Heat transfer between corium and RPV wall N/A N/A H
Heat transfer between water and crust N/A N/A M
Heat transfer between gas and crust N/A N/A M
Heat transfer between corium and crust N/A N/A H
Heat transfer between crust and shroud wall N/A N/A H
Heat transfer between crust and jet pump N/A N/A M
Heat transfer between crust and pump deck N/A N/A M
Heat transfer between crust and RPV wall N/A N/A H
Heat transfer between water and particulate corium N/A N/A H
Heat transfer between gas and particulate corium N/A N/A H
Heat transfer between particulate corium and shroud wall N/A N/A H
Heat transfer between particulate corium and jet pump N/A N/A M
Heat transfer between particulate corium and pump deck N/A N/A M
Heat transfer between particulate corium and RPV wall N/A N/A H
Heat Transfer to Drywell through Lagging Material M M M
Radiation heat transfer between corium and shroud wall N/A N/A M
Radiation heat transfer between corium and jet pump N/A N/A M
Radiation heat transfer between corium and pump deck N/A N/A M
Radiation heat transfer between corium and RPV wall N/A N/A M
?ﬁii:gtwalﬂeat transfer between particulate corium and N/A N/A M
Ejﬂistion heat transfer between particulate corium and jet N/A N/A M
Ejﬂi;{(ijoencceat transfer between particulate corium and N/A N/A M
E:ﬁia{ion heat transfer between particulate corium and RPV N/A N/A M
Radiation heat transfer between crust and shroud wall N/A N/A M
Radiation heat transfer between crust and jet pump N/A N/A L
Radiation heat transfer between crust and pump deck N/A N/A M
Radiation heat transfer between crust and RPV wall N/A N/A M
Radiation heat transfer to drywell M M M
Heat generation by gamma ray in Lower D/C structure L L M
Failure of shroud wall by thermal stress L L M
Failure of RPV nozzle welding by thermal stress N/A N/A M
CCFL in suction part in jet pump L L L
Change in water level in Lower D/C H H M
Change in pressure in Lower D/C L M M
Change of flow regime in Lower D/C L L L
Decompression boiling H L M
Change in water temperature in Lower D/C M L M
Change in gas temperature in lower down comer L L M
Change in gas composition in Lower D/C L L L
Change in temperature in shroud wall M M H
Change in temperature in jet pumps L L H
Change in temperature in pump deck L L H
Change in temperature in RPV sidewall M M H
E)(\:\IrieL:T)léenISﬁ]aﬂon type through breached core shroud to N/A N/A H
Corium spreading in Lower D/C N/A N/A H
Ablation of outer wall surface of shroud by corium N/A N/A H
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414

415

416
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429
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438
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444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

Change in area of failire opening in shroud N/A N/A H
Flow of water and gas through failure opening in shroud N/A N/A M
Corium submerged in water by water injection N/A N/A H
FCI pre-mixing by contact between corium and water pool N/A N/A H
FClI triggering by vapor film collapse N/A N/A H
Alomiza_lion of corium in water pool and rapid steam N/A N/A H
generation (FCI)
Pressure wave by FCI N/A N/A H
Temperature increas of water and gas by FCI N/A N/A H
Failure of RPV lower head by FCI N/A N/A H
Scattering of corium, particulate corium and crust in Lower
DIC by FCI NA NA l
Impact for FCI by seawater N/A N/A L
Change in corium temperature N/A N/A H
Blopkage of failure opening in Lower D/C by freezing of N/A N/A H
corium
Change in physical property by material mixing in corium N/A N/A H
Oxidation reaction between corium and water (steam) N/A N/A M
(including hydrogen generation and reaction heat)
Oxidation reaction between shroud and steam (including L M M
hydrogen generation and reaction heat)
Oxidation reaction between jetpump and steam (including

: " L L L
hydrogen generation and reaction heat)
Oxidation reaction between pump deck and steam L L L
(including hydrogen generation and reaction heat)
Oxidation reaction between RPV sidewall and steam
. " y " L L L
(including hydrogen generation and reaction heat)
Crust generation by solidification of corium N/A N/A H
Cru_sl remelting due to change in the heat transfer status to N/A N/A M
corium or water
Particulate corium remelting due to change in the heat N/A N/A M
transfer status
Corium spreading in circumferential direction in Lower D/C N/A N/A M
Decay heat in corium N/A N/A H
Relocation of corium by failure of pump deck N/A N/A M
Relocation of corium by failure of jet pump N/A N/A M
Particulation of corium by contact with water N/A N/A H
Change in physical property of particulate corium N/A N/A H
Change in size and shape of particulate corium N/A N/A M
Entrainmentof of particulate corium from corium falling into N/A N/A H
water
Aggregation and bed formation of particulate corium N/A N/A H
Change in temperature of particulate corium N/A N/A H
Decay heat in particulate corium N/A N/A H
Change in temperature of crust N/A N/A H
Bubble formation in crust N/A N/A M
Water inflow into crust through crack on surface of crust N/A N/A M
Decay heat in crust N/A N/A H
Change in physical property by material mixing in crust N/A N/A M
Oxidation reaction between crust and water (steam) N/A N/A M
(including hydrogen generation and reaction heat)
Flow path blockage in Lower D/C (including jet pump) by N/A N/A H
crust
Recriticality N/A N/A M
Flow of corium (including particulate corium) out of RPV
side wall N/A N/A N/A
Flow of corium (including particulate corium) into
recirculation loop piping N/A NIA M
Radiation decomposition of water L L L
FP deposition on Lower D/C L L L
FP re-vaporization L L L
Decay heat generation from FP L L L
FP release from corium surface N/A N/A M
FP reaction including iodine chemistry L L L
Adsorption and release of gaseous FP L L L
Thermal failure of pump deck by radiation heat transfer from N/A N/A H
lower head
Corrosion of structure in Lower D/C by salt content of L L L

(including marine lives)

Seasalt intake to corium N/A N/A M
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500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

Influence for heat transfer by salt deposition

Flow path blockage in jet pump by salt deposition

Re-solution of salt by reflooding

Influence on Heat Transfer by Seasalt Concentration
Change

Influence on Instrumentation and Measurements by Seasalt
Concentration Change

Seasalt impact for FP reaction and composition

Corrosion of structure in Lower D/C by boron

Influence for heat transfer by boron deposition

Flow path blockage in jet pump by boron deposition

Re-solution of boron by reflooding

Degradation or Falling of Lagging Material

Lower
head

Heat transfer between water and lower head including crack

Heat transfer between water and penetration tubes (control
rod guide tubes, drain lines, and instrumetation tubes)

Heat transfer between gas and lower head including crack

N/A

Heat transfer between gas and penetration tubes (control
rod guide tubes, drain lines, and instrumetation tubes)

N/A

Heat transfer between corium and water (including CHF)

N/A

N/A

Heat transfer between corium and gas

N/A

N/A

Heat transfer between corium and penetration tubes (control
rod guide tubes, drain lines, and instrumetation tubes)

N/A

N/A

Heat transfer between corium and lower head

N/A

N/A

Heat transfer between particulate corium and water

N/A

N/A

Heat transfer between particulate corium and gas

N/A

N/A

Heat transfer between particulate corium and penetration
tubes (control rod guide tubes, drain lines, and
instrumetation tubes)

N/A

N/A

Heat transfer between particulate corium and lower head

N/A

N/A

Heat transfer between particulate corium and light metal
layer

N/A

N/A

Heat transfer between crust and water (including CHF, inner
crack and gap)

N/A

N/A

Heat transfer between crust and gas

N/A

N/A

Heat transfer between corium and crust

N/A

N/A

Heat transfer between crust and penetration tubes (control
rod guide tubes, drain lines, and instrumetation tubes)

N/A

N/A

Heat transfer between crust and lower head

N/A

N/A

Heat transfer between crust and light metal layer

N/A

N/A

Heat transfer between light metal layer and water (including
CHF)

N/A

N/A

Heat transfer between light metal layer and gas

N/A

N/A

Heat transfer between light metal layer and penetration
tubes (control rod guide tubes, drain lines, and
instrumetation tubes)

N/A

N/A

Heat transfer between light metal layer and lower head

N/A

N/A

Heat transfer between heavy metal layer in corium pool and
lower head

N/A

N/A

Heat transfer between heavy metal layer in corium pool and
penetration tubes (control rod guide tubes, drain lines, and
instrumetation tubes)

N/A

N/A

Heat transfer between heavy metal layer in corium pool and
metal-oxide layer in corium

N/A

N/A

Radiation heat transfer between particulate corium and core

N/A

N/A

Radiation heat transfer between light metal layer and core

N/A

N/A

Radiation heat transfer between corium and lower head

N/A

N/A

Particulate Corium Bed Porosity

N/A

N/A

Change in temperature of penetration tubes (control rod
guide tubes, drain lines, and instrumetation tubes

Change in temperature of RPV lower head

Deformation of RPV lower head by thermal stress

Failure of RPV nozzle welding by thermal stress

N/A

N/A

Oxidation reaction between penetration tubes (control rod
guide tubes, drain lines, and instrumetation tubes) and
steam (including hydrogen generation and reaction heat)

N/A

Oxidation reaction between lower head and steam
(including hydrogen generation and reaction heat)

N/A

Change in pressure in lower plenum

Change in water temperature in lower plenum

Change in gas temperature in lower plenum
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527
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530

532
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534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

Change in gas composition in lower plenum L L L L H
Decompression boiling M L M L M
Change in temperature inside corium N/A N/A H M L
Non-uniform corium spreading in lower head N/A N/A H M L
Evaporation of materials from inside corium (including FP) N/A N/A M L L
Corium jet into water pool N/A N/A H M M
Formation of corium pool N/A N/A H M L
Stratification of corium pool N/A N/A H M L
Atomization of corium by contanct with water (jet breakup) N/A N/A H M L
Change in temperature in light metal layer N/A N/A H M L
Change in temperature in heavy metal layer N/A N/A H M L
Change in composition of particulate corium N/A N/A H M L
Change in size and shape of particulate corium N/A N/A H L L
Crust generation by solidification of corium N/A N/A H L L
Accumulation and bed formation of particulate corium N/A N/A H L L
Non-uniform spreading of particulate corium bed N/A N/A H M L
Change in temperature of particulate corium bed N/A N/A H M L
Decay heat in particulate corium N/A N/A H M L
e e e e ey | A | u» v } "
FCI pre-mixing by contact between corium and water pool N/A N/A H L L
FClI triggering by vapor film collapse N/A N/A H M M
;’::]tg;;{ia:)ti:?}:gl;:orium in water pool and rapid steam N/A N/A H M M
Pressure wave by FCI N/A N/A H M M
Temperature increas by FCI N/A N/A H M M
Failure of RPV lower head by FCI N/A N/A H M M
Scattering of corium and material in lower plenum by FCI N/A N/A H M M
Impact for FCI by seawater N/A N/A L L L
Mixing state and physical property of corium N/A N/A H M L
S e enoe | wa | wa v L v
Natural convection in corium pool N/A N/A H L L
Decay heat of corium N/A N/A H L L
Solidification of corium N/A N/A H M L
Flow of water in lower plenum L L H L L
:?Ijeeﬂ(gi%c::ng of molten material in lower plenum by water N/A N/A H M M
Flow of gas in lower plenum L L M L L
Change in an amount of purge water in CRD guide tube M L H L L
Change in water level in lower plenum M M H L M
Radiation decomposition of water L L L L L
Bubble formation in crust N/A N/A M L L
Water inflow into crust through crack on surface of crust N/A N/A M M L
o e s et e v : v
Change in physical property by material mixing in crust N/A N/A H M M
Change in temperature of crust N/A N/A H M M
Decay heat in crust N/A N/A H L L
Recriticality N/A N/A H M L
Gap formation between corium and lower head N/A N/A H M L
Inflow of coolant into gap between corium and lower head N/A N/A H M M
Crack formation on lower head N/A N/A H L L
Inflow of coolant into crack on lower head N/A N/A H L L
Corrosion of lower head by corium jet N/A N/A H M M
Erosion of lower head by corium pool N/A N/A H M M
Egja‘ﬁ/i cf);ift?rgum out of lower head bottom section by lower N/A N/A N/A H L
Crust remelting due to change in the heat transfer status to N/A N/A H L L

corium or water
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569

570
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614

615

616

617

618

619

620

621

Particulate corium remelting due to change in the heat

N/A N/A H L L
transfer status
Cha_nge in area of failire opening in lower head bottom N/A N/A N/A H L
section
Fo_rmatlon of flow path by ablation between control rod N/A N/A H M M
guide tubes and lower plenum
Formation of flow path by jet impingemnet to control rod N/A N/A H M M
guide tubes
Flow of corium through failed control rod guide tubes from/to N/A N/A H M L
lower plenum
Flow of water through failed control rod guide tubes from/to N/A N/A H M L
lower plenum
Flow of gas through failed control rod guide tubes from/to
lower plenum N/A NIA b i M
Purge water steaming in control rod guide tubes due to
corium inflow NiA NA M M M
Fo_rmation (_)f flow path to pedestal by ablation of control rod N/A N/A N/A H H
guide tube internals
Changes in breached area in control rod guide tubes to
pedestal (including blockage) N/A NIA NIA M M
Ejection of control rod guide tubes N/A N/A N/A H H
Flow of corium out of control rod guide tubes into pedestal N/A N/A N/A H L
Flow of water out of control rod guide tubes into pedestal N/A N/A N/A H H
Flow of gas out of control rod guide tubes into pedestal N/A N/A N/A H H
Formation of flow path between SRM/IRM tubes and lower N/A N/A M M M
plenum
Z%rgnsatlon of flow path by jet impingemnet to SRM/IRM N/A N/A M M M
Flow of corium through failed SRM/IRM tubes from/to lower N/A N/A M M L
plenum
Flow of water through failed SRM/IRM tubes from/to lower N/A N/A M M L
plenum
Flow of gas through failed SRM/IRM tubes from/to lower N/A N/A M H M
plenum
Ejection of SRM/IRM tubes N/A N/A N/A H M
Flow of corium out of SRM/IRM tubes into pedestal N/A N/A N/A M L
Flow of water out of SRM/IRM tubes into pedestal N/A N/A N/A M M
Flow of gas out of SRM/IRM tubes into pedestal N/A N/A N/A H M
Formation of flow path between TIP/ICM tubes and lower N/A N/A H H H
plenum
Formation of flow path by jet impingemnet to TIP/ICM tubes N/A N/A M M M
Flow of corium through failed TIP/ICM tubes from/to lower N/A N/A M M L
plenum
Flow of water through failed TIP/ICM tubes from/to lower N/A N/A M M L
plenum
Flow of gas through failed TIP/ICM tubes from/to lower N/A N/A M H M
plenum
Form_atlon of flow path to Pedestal by ablation of TIP/ICM N/A N/A N/A H H
tube internals
Ejection of TIP/ICM tubes N/A N/A N/A H M
Flow of corium out of TIP/ICM tubes into pedestal N/A N/A N/A M L
Flow of water out of TIP/ICM tubes into pedestal N/A N/A N/A M M
Flow of gas out of TIP/ICM tubes into pedestal N/A N/A N/A H M
Flow of gas out of TIP tubes into PCV N/A N/A N/A H H
I}i:r(])er?atlon of flow path to Pedestal by ablation of RPV drain N/A N/A N/A M M
Changes in breached area in RPV drain lines to pedstal
(including blockage) N/A NIA NIA M M
Flow of corium out of RPV drain lines into pedestal N/A N/A N/A M M
Flow of water out of RPV drain lines into pedestal N/A N/A N/A M M
Flow of gas out of RPV drain lines into pedestal N/A N/A N/A M M
Deformation of lower head N/A N/A H L L
Corium Focusing Effect on Lower Head Sidewall N/A N/A L L L
Change in area of failire opening in lower head side section N/A N/A N/A M M
Fl_nw of corium out of lower head side section by lower head N/A N/A N/A H L
failure
Failure of shroud support leg N/A N/A M L L
Change in flow resistence in shroud support leg N/A N/A L L L
FP deposition on lower head L L L L L
FP re-vaporization L L L L L
Decay heat generation from FP L L M L L
FP release from corium surface N/A N/A M M M
FP reaction including iodine chemistry L L L L L
Adsorption and release of gaseous FP L L L L L
Buckling of Control Rod Guide Tubes N/A H L L M
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669

670

671

672

673

Radiation heat transfer between corium and pump deck

bottom surface NIA NIA i
Corrosion of structure in lower plenum by salt content of L L L
(including marine lives)
Melting point change for lower head materials N/A N/A H
Eutectic (Corium and lower head materials) N/A N/A H
Melting of lower head penetration lines N/A N/A H
Melting of lower head wall N/A N/A H
Melting of jet pump N/A N/A M
Melting of pump deck N/A N/A M
Melting of shroud N/A N/A M
Influence for heat transfer by salt deposition L L M
Seasalt intake to corium N/A N/A H
Seasalt impact for corium thermodynamic properties N/A N/A H
Re-solution of salt by reflooding L L M
Influence on Heat Transfer by Seasalt Concentration L L L
Change
Influence on Instrumentation and Measurements by Seasalt L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L
Corrosion of structure in lower plenum by boron L L L
Influence for heat transfer by boron deposition L L M
Re-solution of boron by reflooding L L M
;?;:cm Heat transfer between recirculation loop piping and water L L L
Loop Heat transfer between recirculation loop piping and gas L L L
Heat Transfer to Drywell through Lagging Material L L L
Radiation heat transfer to drywell L L L
Change in temperature of recirculation loop piping L L L
Change in pressure in recirculation loop piping L L L
Change in water level in recirculation loop piping L L L
Change in water temperature in recirculation loop piping L L L
Change in flow of water and/or steam in in recirculation loop L L L
piping (including flow regime)
Change in gas temperature in recirculation loop piping L L L
Change in gas composition in recirculation loop piping L L L
Change in flow of corium in recirculation loop piping N/A N/A L
Oxidation reaction between recirculation loop piping and
" N N " L L L
steam (including hydrogen generation and reaction heat)
Leakage of gas from breached gasket or PLR pump seal N/A M H
Leakage of water from breached gasket or PLR pump seal N/A M H
Water Radiolysis L L L
Bubble formation in crust N/A N/A L
Flu‘vaalh bluckagg in recirculation loop piping by N/A N/A L
solidification of corium
Corrosion of structure in recirculation loop piping by salt
- " P L L L
content of (including marine lives)
Influence for heat transfer by salt deposition L L M
Seasalt intake to corium N/A N/A L
Re-solution of salt by reflooding L L L
Influence on Heat Transfer by Seasalt Concentration L L L
Change
Influence on Instrumentation and Measurements by Seasalt L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L
Corrosion of structure in recirculation loop piping by boron L L L
Influence for heat transfer by boron deposition L L L
Re-solution of boron by reflooding L L L
FP deposition on recirculation loop L L L
FP re-vaporization L L L
Decay heat generation from FP L L L
Leakage of FP from recirculation loop piping L L M
FP release from corium surface N/A N/A M
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720
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FP reaction including iodine chemistry L L L L L
Adsorption and release of gaseous FP L L L L L
Melting of recirculation piping N/A N/A M L L
Degradation or Falling of Lagging Material L L L L L

PCV Pedesta Liquid film flow of corium at outer surface of penetration

l/ICavity pipes (control rod guide tube, drain line, instrumentation

tube) sticking out from RPV bottom(<-- Liquid film flow of N/A N/A N/A M L
corium at protrusion surface of penetration pipes (control
rod guide tube, drain line, instrumentation tube) )
Thermal conduction of penetration pipes (control rod guide
tube, drain line, instrumentation tube) sticking out from RPV
bottom
(<-- Thermal conduction on protrusion surface of penetration L L L M L
pipes (control rod guide tube, drain line, instrumentation
tube) )
Heat transfer between corium and outer surface of
penetration pipes (control rod guide tube, drain line,
instrumentation tube) sticking out from RPV bottom
(<-- Heat transfer between corium and outer surface of N/A N/A N/A M L
protrusion on penetration pipes (control rod guide tube,
drain line, instrumentation tube) )
Heat transfer between corium and water (including CHF) N/A N/A N/A H H
Heat transfer between corium and gas N/A N/A N/A H H
Heat transfer between crust and water (including CHF) N/A N/A N/A H H
Heat transfer between crust and gas N/A N/A N/A H H
Heat transfer between crust and corium (including heat
transfer enhancement at gas generation due to MCCI) N/A N/A N/A L L
Heat transfer between corium particle and water N/A N/A N/A H H
Heat transfer between corium particle and gas N/A N/A N/A H H
Heat transfer between corium particle and pedestal N/A N/A N/A H H
floor/wall
Heat transfer between pedestal floor/wall and corium N/A N/A N/A H H
Heat transfer between pedestal floor/wall and crust N/A N/A N/A H H
Heat transfer between pedestal floor/wall and water L L L H H
Heat transfer between pedestal floor/wall and gas L L L M L
Heat transfer from lower head to gas in pedestal region L L L M L
Heat transfer from protrusion of penetration pipes (control
rod guide tube, drain line, instrumentation tube) to water N/A N/A N/A M L
(leak flow)
Heat transfer from protrusion of penetration pipes (control L L L M L
rod guide tube, drain line, instrumentation tube) to gas
Radiation between lower head and pedestal floor/wall L L L M L
Radiation between lower head and pedestal internal L L L M L
structure
Radiation between corium and pedestal wall N/A N/A N/A M M
Radiation between corium and RPV wall N/A N/A N/A M M
Radiation between corium and pedestal internal structure N/A N/A N/A M M
Radiation between crust and pedestal wall N/A N/A N/A M M
Radiation between crust and RPV wall N/A N/A N/A M M
Radiation between crust and pedestal internal structure N/A N/A N/A M M
Radiation between corium particle and pedestal wall N/A N/A N/A M M
Radiation between corium particle and RPV wall N/A N/A N/A M M
Radiation between corium particle and pedestal internal N/A N/A N/A L L
structure
Particulate Corium Bed Porosity N/A N/A N/A H L
Pedestal deformation/failure due to thermal stress N/A N/A N/A L L
;:ﬁestal wall heatup due to corium adhesion to pedestal N/A N/A N/A H H
Pressure change in pedestal L L L H M
Gas temperature change in pedestal L L L H M
Water temperature change in pedestal L L L H L
Thermal conduction / Temperature change of corium N/A N/A N/A H H
Thermal conduction / Temperature change of crust N/A N/A N/A H H
Thermal conduction / Temperature change of pedestal L L L H H
floor/wall
Gas flow in pedestal internal space L L L H M
Local gas flow and turbulence L L L L L
Water flow on pedestal floor L L L H L
Eje;tloq conditions (corium, mixture state of water/steam) of N/A N/A N/A H H
corium jet
Oxldatl‘on qf grating due to collision of corium jet with grating N/A N/A N/A L H
and oxidation
Splash of corium towards pedestal floor by collision of N/A N/A N/A L H
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corium with grating

Gas composition change in pedestal L L L H
Erosion of pedestal floor / wall N/A N/A N/A H
Physical properties of concrete ingredients (C, Si, etc.) N/A N/A N/A H
Mass transfer of concrete ingredients into corium N/A N/A N/A H
Water evaporation from concrete by concrete heating N/A N/A N/A H
Gas generation (HZ. CO, CO2, etc.) from concrete-corium N/A N/A N/A H
interaction (reaction?)

Aeros_ul generation from concrete-corium interaction N/A NIA N/A H
(reaction?)

Heat generallgn from chemical reaction between corium N/A N/A N/A H
and concrete ingredients

Corium flow / spread in pedestal N/A N/A N/A M
Corium flow into drywel by spread in pedestal (Mark-I) N/A N/A N/A H
Corium entrainment in pedestal by sparging gas N/A N/A N/A H
Generation of corium particle due to breakup at jet drop N/A N/A N/A H
Corlu_m ejecllqn from crack in the crust (includion generation N/A N/A N/A H
of corium particle)

Outflow of corium particle with water flow N/A N/A N/A H
Composition of corium particle N/A N/A N/A M
Size / configuration of corium particle N/A N/A N/A M
Aggregation / debris bed formation of corium particle N/A N/A N/A M
Generation / attenuation of decay heat from corium particle N/A N/A N/A H
Temperature change of corium particle bed N/A N/A N/A H
Corium solidification N/A N/A N/A M
Generation / attenuation of decay heat from corium N/A N/A N/A H
Oxidation reaction (including generation of hydrogen and

reaction heat) between corium ingredients and water N/A N/A N/A H
(steam)

Mlxture_ state (fugl, sl_ruclurg, concrete, etc.) and physical N/A N/A N/A H
properties of corium ingredients

Corium stratification N/A N/A N/A M
Remixing of corium stratification associated with corium flow

and internal gas generation N/A NIA NIA M
Change in corium deposit conditions on the pedestal floor N/A N/A N/A L
Crust segregation and waftage N/A N/A N/A M
Crust generation on the surface of penetration pipes sticking N/A N/A N/A L
out of RPV lower head

Cru_sl remelting due to change in the heat transfer status to N/A N/A N/A H
corium or water

Particulate corium remelting due to change in the heat N/A N/A N/A H
transfer status

Water flow into crust N/A N/A N/A M
Bubble formation in crust N/A N/A N/A M
Crack generation in crust N/A N/A N/A M
Generation / attenuation of decay heat from crust N/A N/A N/A H
Oxidation reaction (including generation of hydrogen and

reaction heat) between crust ingredients and water (steam) NIA NIA NIA L
Mixture state (fuel, structure, concrete, etc.) and physical

properties of crust N/A NIA NiA i
Recriticality N/A N/A N/A L
Oxidation (including generation of hydrogen and reaction L L L H
heat) of pedestal wall by steam

Radiation decomposition of water L L L L
FCI's premixing due to corium contact to water pool N/A N/A N/A M
FCI triggering by vapor film collapse N/A N/A N/A M
Corium atomization and rapid steam generation (FCI) in N/A N/A N/A H
water pool

Pressure wave due to FCI N/A N/A N/A M
Temperature increas of water and gas by FCI N/A N/A N/A M
Pedestal failure due to FCI N/A N/A N/A H
Eglperslon of corium and pedestal internal material due to N/A N/A N/A H
Impact for FCI by seawater N/A N/A N/A L
Droplet behavior in the pedestal free space L L L L
Condensation heat transfer on the pedestal wall and internal L L L L
surfaces

Interaction between gas and water film flow on the pedestal L L L L
wall and internal surfaces

FP particle transport by gas in the pedestal L L L L
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FP particle agglomeration/fragmentation in the pedestal L L L L L
FP particle deposition on the pedestal wall and internal

L L L L L
surfaces
FP transport by water flow on the pedestal wall and internal

L L L L L
surfaces
FP re-entrainment L L L L L
FP deposition on pedestal wall L L L M M
FP re-vaporization L L L M M
Decay heat generation from FP L L L M M
FP release from corium surface N/A N/A N/A M M
FP reaction including iodine chemistry L L L L L
Adsorption and release of gaseous FP L L L L L
Direct Containment Heating (DCH) N/A N/A N/A H H
Pedestal water level change L L L H M
Thermal stratification L L L L L
Collision of corium with penetration tube support beams and
oxidation N/A N/A N/A M M
Collision of corium with CRD purge lines and oxidation N/A N/A N/A M M
qulisipn of corium with other structures in the pedestal and N/A N/A N/A M M
oxidation
Melting point change for penetration pipings sticking out of N/A N/A N/A M M
RPV lower head
Eutectic (Corium and metal in pedestal internals) N/A N/A N/A H H
Melting of penetration pipes sticking out of RPV lower head N/A N/A N/A H H
Melting of gratings N/A N/A N/A L L
Melting of penetration tube support beams N/A N/A N/A L L
Melting of CRD purge lines N/A N/A N/A L L
Melting of other structures in the pedestal N/A N/A N/A H H
Seasalt intake to corium N/A N/A N/A L L
Seasalt impact for corium thermodynamic properties N/A N/A N/A L L
Corrosion of pedestal internals by seasalt (including marine
i L L L L L
ives)
Salt effects on heat transfer L L L L L
Salt remelting from flood L L L L L
Influence on Heat Transfer by Seasalt Concentration L L L L L
Change
Seasalt impact for FP reaction and composition L L L L L
Boron corrosion of pedestal internal structure L L L L L
Boron effects on heat transfer L L L L L
Boron remelting from flood L L L L L
FPvaerusuI absorption in water pool at upper surface of N/A N/A N/A L L
corium
FP release from water pool at upper surface of corium N/A N/A N/A M L
Corium flow into sump pit (drainage pit) and reaction N/A N/A N/A H H
Heat transfer between sump floor/wall and corium N/A N/A N/A H H
Heat transfer between sump floor/wall and crust N/A N/A N/A H H
Heat transfer between sump floor/wall and corium particle N/A N/A N/A H H
Heat transfer between sump cover and corium N/A N/A N/A L L
Heat transfer between sump cover and crust N/A N/A N/A L L
Heat transfer between sump cover and corium particle N/A N/A N/A L L
Heat capacity of structure inside sump N/A N/A N/A M M
Deposition situation of corium on pedestal floor N/A N/A N/A H M
Corium leak into connecting piping inside sump N/A N/A N/A H H

Drywell Attack on containment vessel shell (interaction between

metal and corium) N/A NIA NIA i i
Containment vessel penetration seal degradation (Seal L L L H H
degradation at containment vessel penetration)
Water leak from deteriorated part of containment vessel L L L H M
penetration
Gas Ieak from deteriorated part of containment vessel L L L H H
penetration
Deformation / failure of drywell internal equipment due to

L L L L L
thermal stress
Deformation / failure of drywell wall by thermal stress L L L H H
Heat transfer between corium and water (including CHF) N/A N/A N/A H H
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Heat transfer between corium and gas N/A N/A N/A H H
Heat transfer between crust and water (including CHF) N/A N/A N/A H H
Heat transfer between crust and gas N/A N/A N/A H H
Heat transfer between crust and corium N/A N/A N/A H H
Heat transfer between corium particle and water N/A N/A N/A H H
Heat transfer between corium particle and gas N/A N/A N/A H H
Heat transfer between corium particle and drywell floor/wall N/A N/A N/A H H
Heat transfer between drywell floor/wall and corium N/A N/A N/A H H
Heat transfer between drywell floor/wall and crust N/A N/A N/A H H
Heat transfer between drywell floor/wall and water L L L H H
Heat transfer between drywell floor/wall and gas L L L M L
Heat transfer from drywell internal structure (lagging

. . . . L L L M L
material, biological shield wall) to water
Heat transfer from drywell internal structure (lagging L L L M L
material, biological shield wall) to gas
Radiation between corium and drywell wall N/A N/A N/A M M
Radiation between corium and drywell internal structure N/A N/A N/A M M
Radiation between crust and drywell wall N/A N/A N/A M M
Radiation between crust and drywell internal structure N/A N/A N/A M M
Radiation between corium particle and drywell wall N/A N/A N/A M M
Radiation between corium particle and drywell internal N/A N/A N/A M M
structure
Particulate Corium Bed Porosity N/A N/A N/A M L
Gas stratification in drywell L L L H H
Jet/plume gas interaction and entrainment effects L L L L L
Pressure change in drywell L L L H H
Gas temperature change in drywell L L L H H
Gas composition change in drywell L L L M H
Thermal conduction / temperature change of corium N/A N/A N/A M H
Thermal conduction / temperature change of crust N/A N/A N/A M H
Thermal conduction / temperature change of drywell L L L M H
floor/wall
Thermal conduction / temperature change of drywell internal

L L L M L

structure
Water temperature change in drywell L L L M L
Gas flow in drywell L L L H H
Local gas flow and turbulence L L L L L
Water flow in drywell L L L H M
Drywell water level change L L L H M
Thermal stratification L L L L L
Erosion of drywell floor (concrete) N/A N/A N/A H H
Physical properties of concrete ingredients (C, Si, etc.) N/A N/A N/A H H
Transition of concrete ingredients into corium N/A N/A N/A H H
Water evaporation from concrete by concrete heating N/A N/A N/A H H
Gas generation (H2, CO, CO2, etc.) from concrete-corium N/A N/A N/A H H
interaction (reaction?)
Aerus_ul generation from concrete-corium interaction N/A NIA N/A H H
(reaction?)
Heat generatlgn from chemical reaction between corium N/A N/A N/A H H
and concrete ingredients
Reaction (including ge_nerauo_n of hydrogen and reaction N/A N/A N/A H H
heat) between corium ingredients and water (steam)
Corium flow / spread in drywell N/A N/A N/A H L
Outflow of corium particle with water flow N/A N/A N/A H L
Composition of corium particle N/A N/A N/A M M
Size / configuration of corium particle N/A N/A N/A L M
Aggregation / debris bed formation of corium particle N/A N/A N/A L M
Generation / attenuation of decay heat from corium particle N/A N/A N/A H M
Temperature change of corium particle bed N/A N/A N/A M M
Corium solidification N/A N/A N/A H M
Generation / attenuation of decay heat from corium N/A N/A N/A M M
Mixture state (fuel, structure, concrete, etc.) and physical N/A N/A N/A H H

properties of corium ingredients
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Corium stratification N/A N/A N/A M
Direct Containment Heating (DCH) N/A N/A N/A H
Water flow into crust N/A N/A N/A M
Bubble formation in crust N/A N/A N/A M
Crack formation in crust N/A N/A N/A M
Crust composition N/A N/A N/A M
Generation / attenuation of decay heat from crust N/A N/A N/A M
Cru_sl remelting due to change in the heat transfer status to N/A N/A N/A H
corium or water
Particulate corium remelting due to change in the heat N/A N/A N/A H
transfer status
Oxidation reaction (including generation of hydrogen and
reaction heat) between crust ingredients and water (steam) NIA NIA NIA M
Mixture state (fuel, structure, concrete, etc.) and physical N/A N/A N/A M
properties of crust
Recriticality N/A N/A N/A L
Oxidation (including generation of hydrogen and reaction L L L H
heat) of drywell wall by steam
Oxidation (including generation of hydrogen and reaction L L L H
heat) of drywell internal structure by steam
Radiation decomposition of water L L L L
FP aerosolization L L L M
FP deposition on drywell wall L L L M
FP re-vaporization L L L M
Decay heat generation from FP L L L M
FP removal from drywell internal space by spray N/A N/A N/A M
FP particle transport by gas in the drywell L L L L
FP particle agglomeration/fragmentation in the drywell L L L L
FP particle deposition on the drywell wall and internal L L L L
surfaces
FP transport by water flow on the drywell wall and internal L L L L
surfaces
FP re-entrainment L L L L
FP release from corium surface N/A N/A N/A M
FP reaction including iodine chemistry L L L L
Adsorption and release of gaseous FP L L L L
Eutectic (Corium and metal in pedestal internals) N/A N/A N/A H
Droplet behavior in the drywell free space L L L L
Condensatiion heat transfer on the drywell wall L L L L
Interaction between gas and water film flow on the drywell L L L L
wall and internal surfaces
Seasalt intake to corium N/A N/A N/A L
Seasalt impact for corium thermodynamic properties N/A N/A N/A L
Corrosion of drywell internals by seasalt (including marine L L L L
lives)
Salt effects on heat transfer L L L L
Salt remelting from flood L L L L
Influence on Heat Transfer by Seasalt Concentration

L L L L
Change
Influence on Instrumentation and Measurements by Seasalt

L L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L L
Boron corrosion of drywell internal structure L L L L
Boron effects on heat transfer L L L L
Boron remelting from flood L L L L
Heat release from drywell wall L L L L
Steam condensation by PCV spray L L L H

z;yamée" Heat transfer between D/W head inner wall and gas L L L H

Heat transfer between D/W head inner wall and water L L L M
Gas stratification in D/W head internal space L L L H
Gas composition in D/W head internal space L L L H
Steam condensation in D/W head L L L H
Gas flow in D/W head L L L H
Pressure change in D/W head internal space L L L H
Temperature change in D/W head internal space L L L H
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Thermal conduction / Temperature change of D/W head L L L H
Deformation / failure of drywell head by thermal stress L L L H
Seal failure of D/W head flange L L L H
Gas flow from D/W head flange L L L H
Pressure loss of bulk head plate in head (including air duct) L L L M
Gas flow through air conditioner duct L L L M
Local gas flow and turbulence L L L L
Jet/plume gas interaction and entrainment effects L L L L
Droplet behavior in the drywell head free space L L L L
Condensatiion heat transfer on the drywell head wall L L L L
Interaction between gas and water film flow on the drywell
L L L L
head wall
FP attachment N/A M M H
FP reevaporation N/A L L M
Generation / attenuation of FP decay heat N/A L L M
FP particle transport by gas in the drywell head L L L L
FP particle agglomeration/fragmentation in the drywell head L L L L
FP particle deposition on the drywell head wall L L L L
FP transport by water flow on the drywell head wall L L L L
FP re-entrainment L L L L
FP accumulation at leakage path M H H H
FP reaction including iodine chemistry L L L L
Thermal stratification L L L L
Direct Containment Heating (DCH) N/A N/A N/A H
Influence on Instrumentation and Measurements by Seasalt
L L L L

Concentration Change
Seasalt impact for FP reaction and composition L L L L

\?erﬁ‘:/e" Deformation / failure of pipe line due to thermal stress L L L H

line and .

downco Flow resistance L L L M

mer to R

Wetwell Heat transfer between vent pipe and water L L L L
Heat transfer between vent pipe and gas L L L L
Pressure change in vent line L L L M
Gas temperature change in vent line L L L H
Water temperature change in vent line L L L L
Temperature change of vent pipe L L L L
Gas flow in vent line L L L M
Local gas flow and turbulence L L L L
Water flow in vent line L L L L
Gas composition change in vent line L L L M
Corium particle entrainment by gas / water N/A N/A N/A L
;Ezt transfer between entrainment corium particle and vent N/A N/A N/A L
Heat transfer between entrainment corium particle and N/A N/A N/A L
water
Droplet behavior in the drywell vent line free space L L L L
Condensation heat transfer on the drywell vent line inner L L L L
surface
FP particle transport by gas in the drywell vent line and L L L L
downcomer
FP particle agglomeration/fragmentation in the drywell vent L L L L
line
FP particle deposition on the drywell vent line L L L L
FP deposition on vent line L L L M
FP re-vaporization L L L M
Decay heat generation from FP L L L M
FP transport by water flow on the drywell vent line and L L L L
downcomer
FP re-entrainment L L L L
FP reaction including iodine chemistry L L L L
Local water flow in the drywell vent line and downcomer L L L L
Direct Containment Heating (DCH) N/A N/A N/A H
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Change of failure crack area on bellows L L L
Water leak from failure crack on bellows L L L
Gas leak from failure crack on bellows L L L
Corrosion of piping by seasalt (including marine lives) L L L
Water level change in Drywell/Wetwell vantilation line L L L
Salt effects on heat transfer L L L
Salt remelting from flood L L L
Influence on Heat Transfer by Seasalt Concentration
L L L
Change
Seasalt impact for FP reaction and composition L L L
Boron corrosion of vent pipe L L L
Boron effects on heat transfer L L L
Boron remelting from flood L L L
Wetwell Deformation / failure of Wetwell by thermal stress L L L
Pressure change in wetwell L L L
Water flow in wetwell L L L
Temperature change in wetwell structure L L L
Gas composition change in wetwell L L L
Corium particle entrainment by gas / water N/A N/A N/A
Corium particle waftage N/A N/A N/A
Corium particle deposition / accumulation N/A N/A N/A
Heat transfer between pool water in wetwell and corium N/A N/A N/A
particle
Gas ejection L L L
Steam condensation (with/without non-condensable gases) L L L
Temperature stratification (three-dimensional temperature
it L L L
distribution)
Stratification of gas composition L L L
Dynamic load on wetwell wall (with/without
L L L
non-condensable gases)
Scrubbing N/A L L
Gas flow at vacuum breaker valve L L L
Local gas flow and turbulence L L L
Water level change L L L
Droplet behavior in the wetwell above water level L L L
Condensation heat transfer on the wetwell wall above water L L L
level
Interaction between gas and water film flow on the wetwell L L L
wall above water level
FP particle transport by gas in the wetwell L L L
FP particle agglomeration/fragmentation in the wetwell L L L
FP particle deposition on the wetwell wall above water level L L L
FP transport by water flow on the wetwell wall above water L L L
wall
FP re-entrainment L L L
FP reaction including iodine chemistry L L L
Corrosion of wetwell by seasalt (including marine lives) L L L
Adsorption and release of gaseous FP L L L
Salt remelting from flood L L L
Influence on Heat Transfer by Seasalt Concentration
L L L
Change
Influence for heat transfer between wetwell and torus room L L L
by
Influence on Instrumentation and Measurements by Seasalt
L L L
Concentration Change
Seasalt impact for FP reaction and composition L L L
Boron corrosion of wetwell wall L L L
Boron effects on heat transfer L L L
Boron remelting from flood L L L
Heat release from wetwell wall to torus room L L L
Gas leak from wetwell (vacuum breaker) N/A N/A N/A
Water leak from wetwell (vacuum breaker) N/A N/A N/A
React Isolatio Heat transfer between steam and inner wall of IC heat M L L

or

n

transfer tube
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1085
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buildi
ng

Conden

Heat transfer between condensate and inner wall of IC heat

L L L L L
ser transfer tube
Heat transfer between pool water and outer wall of IC heat
M L L L L
transfer tube
Heat transfer between air and IC heat transfer tube in case M L L L L
of low pool water level
Fouling factor of heat transfer tube (inner/outer surface) M L L L L
Degradation of condensation heat transfer coefficient due to
L H L L L
non-condensable gas (Hydrogen, Noble gas)
Volatile FP attachment into IC heat transfer tube N/A N/A L L L
Volatile FP reevaporation from IC heat transfer tube N/A N/A L L L
Heat generation of volatile FP attached inside IC heat N/A N/A L L L
transfer tube
Pressure change(pressure loss) along IC system M L L N/A N/A
Pressure of IC heat transfer tube M L L N/A N/A
Water level in IC tank (shell side) M L L N/A N/A
Gas leak inside PCV boundary M M M M M
Water leak inside PCV boundary M M M M M
Gas leak outside PCV boundary L H H N/A M
Water leak outside PCV boundary L H H N/A M
R/B Heat transfer between gas/water and walls in R/B
L L L L M
Compar | compartments
tments Heat transfer between gas/water and pipes in R/B
L L L L M
compartments
Heat transfer between gas/water and equipment in R/B
L L L L M
compartments
Gas/water flow between neighboring compartments L L L L M
Gas/water leak through the hatch on top of the wetwell to N/A N/A N/A N/A M
the torus room
Gas/water leak through the bellows hole to torus room N/A N/A N/A N/A M
PCYV ventilation piping sheet degradation by halogen
compound chemical reaction NiA NA NIA NiA L
Gas leak from valves on steam piping systems (MSIV, RCIC
etc) to R/B compartments N/A NIA NIA N/A M
Gas leak from flanges in steam piping systems (MS, RCIC N/A N/A N/A N/A M
etc) to R/B compartments
Gas/water leak from valves on RPV injection lines (FW, CS,
HPCI, LPCI etc) to R/B compartments N/A NIA NiA N/A M
Gas/water leak from flanges in RPV injection lines (FW, CS,
HPCI, LPCI etc) to R/B compartments N/A NIA NIA N/A M
Gas/water leak from valves on PCV cooling system piping
sprays and local cooling) to R/B compartments N/A NIA NIA N/A M
Gas/water leak from flanges in PCV cooling system piping
sprays and local cooling) to R/B compartments N/A N/A N/A N/A M
Gas leak from valves on gas system piping (inert gas
injection, FCS etc) to R/B compartments N/A N/A N/A N/A M
Gas leak from flanges in gas system piping (inert gas
injection, FCS etc) to R/B compartments N/A N/A N/A N/A M
Gas/water leak from valves on pedestal sump piping to R/B N/A N/A N/A N/A H
compartments
Gas/water leak from flanges in pedestal sump piping to R/B N/A N/A N/A N/A H
compartments
Gas/water leak from valves on CRD system piping to R/B N/A N/A N/A N/A M
compartments
Gas/water leak from flanges in CRD system piping to R/B N/A N/A N/A N/A M
compartments
Gas/water leak from valves on instrumentation lines to R/B N/A N/A N/A N/A H
compartments
Gas/water leak from flanges in instrumentation lines to R/B N/A N/A N/A N/A H
compartments
(5_a§/water leak from valves on PCV other utility system N/A N/A N/A N/A M
piping to R/B compartments
Gas/water leak from flanges in PCV other utility system
piping to R/B compartments N/A NIA NiA N/A M
Gas/water leak through PCV piping penetration N/A N/A N/A N/A M
Gas/water leak from seal of electric cable penetration N/A N/A N/A N/A H
Gas/water leak through PCV equipment/personnel hatch N/A N/A N/A N/A H
Rupture disk break in PCV ventilation line N/A N/A N/A N/A M
Gas/water leak through PCV ventilation lines N/A N/A N/A N/A M
Gas/water flow through PCV ventilation line to environment N/A N/A N/A N/A M
Pressure change in R/B compartments L L L L M
Pressure change in R/B piping and air stack L L L L M
Successful operation of PCV ventilation N/A N/A N/A L M
Gas reflux flow through PCV ventilation line and stack to N/A N/A N/A N/A H
another unit
Gas reflux flow through PCV ventilation line to SGTS line N/A N/A N/A N/A H
Gas_ref_lux flow through PCV ventilation line to R/B N/A N/A N/A N/A H
ventilation ducts
Chimney effect at the elevator L L L L M
Chimney effect at the stairways L L L L M
Chimney effect at R/B air conditioner/ventilation ducts L L L L M
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1090

1091
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1093

1094
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1098
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1100
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1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

Filtration characteristics such as efficiency and pressure

loss at SGTS system NIA NIA NIA NIA
Gas mixing and composition fraction change in R/B N/A N/A N/A N/A
compartments
Gas composition stratification in R/B compartments N/A N/A N/A N/A
Hydrogen accumulation at locally elevated piping (e.g.
inverted U-shaped piping) N/A NIA NIA N/A
Thermal stratification at R/B compartments N/A N/A N/A N/A
Gas mixture thermodynimic properties change in R/B N/A N/A N/A N/A
compartments
Change_s_ln gas mixing and concentration for each N/A N/A N/A N/A
composition in pipings
;:;aessmlxture thermodynimic properties change in ventilation N/A N/A N/A N/A
Oxidation of metal component in R/B compartments with
steam (including hydrogen generation and reaction heat) N/A NIA NIA N/A
Steam condensation in R/B compartment structures N/A N/A N/A N/A
Ignition event for hydrogen combustion N/A N/A N/A N/A
Catalytic effect by metal components in R/B compartments N/A N/A N/A N/A
Hydrogen flame propagation regime N/A N/A N/A N/A
Hydrogen combustion transition to detonation N/A N/A N/A N/A
Pressure load to the structures in R/B N/A N/A N/A N/A
Local gas flow and turbulence in the R/B compartments L L L L
Droplet behavior in R/B compartment free space N/A N/A N/A N/A
Interaction between gas and water film flow on R/B N/A N/A N/A N/A
compartment walls
FP particle transport by gas flow in R/B compartments N/A N/A N/A N/A
FP deposition on R/B compartment structures N/A N/A N/A N/A
FP re-entrainment from R/B compartment structures N/A N/A N/A N/A
FP re-vaporization from R/B compartment structures N/A N/A N/A N/A
FP particle agglomeration/fragmentation in R/B N/A N/A N/A N/A
compartments
FP transport by water flow on R/B compartment structures N/A N/A N/A N/A
Seasalt impact for FP reaction and composition N/A N/A N/A N/A
FP accumulation at leakage paths N/A N/A N/A N/A
FP reaction including iodine chemistry N/A N/A N/A N/A
SGTS Gas leak through SGTS line valves or seals to R/B
compartments N/A N/A N/A N/A
Ventilation ratio by SGTS N/A N/A N/A N/A
Operati Heat transfer between gas/water and walls in the operation L L L L
on Floor | floor
Heat transfer between gas/water and pipes in the operation L L L L
floor
Heat transfer between gas/water and equipment in the L L L L
operation floor
Pressure change in the operation floor L L L L
Gas inflow from the stairways L L L L
Gas inflow from the elevator L L L L
Gas inflow from operation floor air conditioner/ventilation
L L L L
ducts
Gas inflow from the drywell head flange N/A N/A N/A N/A
Gas m_ixing and composition fraction change in the N/A N/A N/A N/A
operation floor
Gas composition stratification in the operation floor N/A N/A N/A N/A
Gas flow in the operation floor L L L L
Oxidation of metal component in the operation floor with
steam (including hydrogen generation and reaction heat) NIA NIA NIA NIA
Steam condensation on the operation floor structures N/A N/A N/A N/A
Local gas flow and turbulence in the operation floor L L L L
Droplet behavior in operation floor free space N/A N/A N/A N/A
Interaction between gas and water film flow on the operation
floor or walls N/A N/A N/A N/A
FP particle transport by gas flow in the operation floor N/A N/A N/A N/A
FP deposition on the operation floor structures N/A N/A N/A N/A
FP re-entrainment from operation floor structures N/A N/A N/A N/A
FP re-vaporization from operation floor structures N/A N/A N/A N/A
zgofamcle agglomeration/fragmentation in the operation N/A N/A N/A N/A
FP trasnport by water flow on the operation floor N/A N/A N/A N/A
Seasalt impact for FP reaction and composition N/A N/A N/A N/A
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1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

FP accumulation at leakage paths N/A N/A N/A N/A
FP reaction including iodine chemistry N/A N/A N/A N/A
»:(l))slorpuon and release of gaseous FP from the spent fuel N/A N/A N/A N/A
Ignition event for hydrogen combustion N/A N/A N/A N/A
Catalytic effect by metal components in the operation floor N/A N/A N/A N/A
Hydrogen flame propagation regime N/A N/A N/A N/A
Hydrogen combustion transition to detonation N/A N/A N/A N/A

Blowout | 5 eing of the blow-out panel N/A N/A N/A N/A

Panel
Design pressure of the blowout panel N/A N/A N/A N/A
Opening area of the blowout panel N/A N/A N/A N/A
Installation location of blowout panel N/A N/A N/A N/A

Spent |y fer b y d th fuel pool L L L L

Fuel eat transfer between gas/water and the spent fuel pool

Pool

00 Steam condensation on the spent fuel pool interface N/A N/A N/A N/A

Decay heat from spent fuel in the pool L L L L
Spent fuel pool water radiolysis L L L L
Temperature change in the spent fuel pool L L L L
Metal - water react‘ion of spent fuel and pool water N/A N/A N/A N/A
(hydrogen generation)

Equibm | g densation at pool surf NIA N/A N/A N/A

ent Pool eam condensation at pool surface
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No.

System|

Subsystem
/Component]

Major phenomenon

Early phase

Middle
phase

Late phase

Phenomenon
/ Related phenomena, other specific features

Heat up/
Melting/
Relocation

PCV
Deposition

Release to
lenvironment

SoK|

1. In-vessel Release

2101

RPV

Core

2102]

RPV

Core

2103]

RPV

Core

2104]

RPV

Core

2105]

RPV

Core

(1) Radionuclides

( FPs and actinides )|

behaviour before
cladding damage

Radionuclides generating
Related parameters
- Irradiation history

- Neutron spectrum
Radionuclides generating rate has relatively large error dud
to estimation error of the cooling state of the fuel
assembly.

There is area to develop the measurement of radionuclided
inventory.

Middle
(2.115)

Low
(1.115)

Low
(1.192)

FP gas release

Related parameters

- Pellet microstructure

- Burnup

~ Irradiation history (Temperature history)

— Pellet characteristics

— Atmosphere in the fuel rod

— Fuel Temperature

— Gas partial pressure, Gas equilibrium partial

pressure, the molar density of fuel, and the fuel
volume

- Pressure
Additional FP gas release is small at the temperature in
recovering the clad irradiation defect, because the
temperature gradient in the pellet is low at the accident.
Thus, the internal pressure of fuel rod will affect the timing
of the cladding damage.
The knowledge of the FP gas release was obtained during
steady state condiition, but the knowledge about influence
of the release due to the crushing pellets is not enough.
FP release is different from new fuel and spent fuel.
Less knowledge about FP release from high burnup fuel
and MOX fuel

Middle
(2.115)

Low
(1.038)

Low
(1.038)

FP movement before the clad damage
Related parameters

See also 2102
The amount of FP that move to the gap before the
accident affect the release of at clad rupture. This is
similar to the FP gas release.
The knowledge about volatile FP's behavior during
steady—state operation is relatively abundant.
When fuel center temperature is high during normal
operation, the release ratio of Cs exceed 20%.

Middle
(2.154)

Low
(0.846)

Low
(0.846)

Pellet—clad bonding
Related parameters

— Irradiation history

— Pellet/Clad characteristic (binding force)
The existence of the bonding layer that is mainly composed
(U.Zr)O2 affects the liquidus line of clad.
The knowledge about a bonding generating condition is
summarized.
There is little knowledge about bonding of the MOX. But
the bonding does not occure in the case of Fukushima to
be little loaded the MOX fuel.

Middle
(2.038)

Low
(0.846)

Low
(0.846)

Pellet—clad contact

The fuel melting behavior is affected by the pellet—clad
contacting.

Lowering of the fuel liquidus—solidus line by eutectic
reaction between fuel and clad

Middle
(2.038)

Low
(0.846)

Low
(0.846)

2106

RPV

Core

(2) Radionuclides

Pellet form change and radionuclides release at the time of the clad

2-35

High

Low

Low




behavior from clad fupture (Engineerinngngineerinngngineering{
damage to clad Judgement)|Judgement)|Judgement)
melting
Related parameters

— The characteristic of the clad creeping

— Temperature history during the accident

— Internal pressure of fuel rod

- the state of fuel and radionuclides before the clad

rupture
— Temperature history
— Atmosphere
See also 2102

The phenomenon of the crushing pellets, with the
weakened binding force of the pellets at high burnup, is
known when the pellet temperature is higher than the
temperature experienced during irradiation. It may crush
finely for the high burnup organization (Rim organization
and Pu spot).
When a pellet crushes, a lot of radionuclides are released
and affect the radionuclides diffusion. However, it is not
clear the behavior before clad rupture.
Crushing pellets due to the rapid decrease of pellet stress|
with the clad rupture affects the later behaviour (the
Iincreasing of radionuclides release, the radiocuclides
movement inside and outside fuel).
The clad rupture causes the release of radionuclides
accumulated in the gap, the foam change with clad
crushing, and the additional release by the pellet oxidation|
with the steam.
The axial distrubution of the oxygen potential in fuel rod
changes. (The clad is embrittled by hydrogen away from
the the ruptured position.)

2107 RPV Core (3) Radionuclides  |[Radionuclides release after pellet is exposed to the atmosphere in High Middle Low
behavior in the statethe core by clad melting (2.417) (1.962) (1.423)
that the pellet shape Related parameters
stability was kept - Atmosphere (existence of the steam)

after clad melting
- Atmosphere (existence of hydrogen produced by
the reaction of steam and clad)
- Atmosphere (internal leakage of the nitrogen/air
by the instrumentation pipe damage)
- Specific surface of fuel (including surface
depletion)
— fuel temperature
— Ambient pressure
During the state of the pellet dropping (not melting) due td
clad melting, the release /s mostly due to the thermal
effect (diffusion or evaporation) and the chemical reaction
When UO2 is oxidized with steam, the FP in the crystal
lattice of U becomes easy to move. The release behavioun
/s different the oxidized fuel from reduced fuel.
There is a possibility that the volatility will increase
significantly in the high oxygen potential (air infiltration
conditions) in specific FP (especially Ru).
The radionuclide release of the elements
(1 Te,Cs,Sr,Ba,Pu,Ru) that have been observed in the
Fukushima accident.

2108] RPV Core (4) Radionuclides  |[Radionuclides release from molten fuel High High Middle
behavior after the Related parameters (2.615) (2.462) (1.692)
fuel melting
— Temperature
— Composition
— Atmosphere
Radionuclides release and evaporation by melting
Radionuclides release rate is increased when fuel is

liquefied.
2109] RPV |Core, Lower Radionuclides release from re—solidification fuel Middle Middle Middle
plenum Related parameters (1.750) (2.077) (1.692)
— Temperature

— Composition
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- surface area

- Nuclear fission
Radionuclides release from the corium solidified above the|
water surface in a situation which no water is splashed in.
Radionuclides release by re—heating after solidified molten
debris has not been assumed so far.
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2110 RPV Core Radionuclides release during the reflood Middle Middle Low

Related parameters (1.808) (1.885) (1.654)
- Cooling rate
- FP dissolution to a coolant

FP release due to cracking / grain refining of fuel by the

reflood

The CORA experiment in Germany provides the result thaf

FP release promotes during reflood.

Less knowledge about the FP release during reflooding.

2111 RPV Core (5) Other behaviors [nfluence on iodine/cesium chemical form and hydrogen production|  High Middle Middle
and factors which  [from molten/re-solidified fuel due to the B4C control rod existence| (2.423) (2.192) (1.692)
affect the Influence on behavior of (3) and (4)
radionuclides
release

Mixing process of fuel and B4C affects the source term.
This clarification is important.

The formation of organic iodine increases in B4C control
rod.

Less knowledge about the chemical contribution of fodine,
cesium, and tellurium, etc. which are included in the contros
rod and the other constituents.

2112 RPV Core nfluence of the MOX (Pu concentration) Middle Middle Low
It should be considered about composition of Pu (2.231) (1.769) (1.385)
concentration, non—uniformity of Pu spots, and chemistry
in the fuel rod as an influence on the behaviour of (1) to (4)

If oxygen potential is high, FP is oxidized, and a release
rate changes by chemical form (vapor pressure) changing.
The oxygen potential in MOX fuel is higher than UO2 fuel.
2113] RPV |[Core, Lower Radionuclides release due to the re—criticality Low Middle Low
plenum Related parameters (1.500) (1.731) (1.423)
— Debris shape
— Composition
- Coolant ratio
Radionuclides generating and release when partial or
extensive re—ctriticality occurred
It is necessary to make it clear about the re—criticality
during the accident.
Influence on behaviour of (2) to (4)
2114 RPV Core IChange of the amout of heat generation in the fuel (Decay heat) by| Middle Middle Low
the radionuclides release (2.077) (1.885) (1.654)
Due to each stage of the radionuclides release and the
changes of the heat source at each place, there is
influence of the temperature evaluation that is important
to the release behaviour.
Influence on behaviour of (2) to (4). If there is a transition
in the fuel rod at (1), there is also influence on behaviour.
2201 RPV Vessel, [2. Gas/Aerosol ICondensation / Re-vaporization / Adsorption High High Middle
Loop, Steam|Behaviour in Vessel, Related parameters (2.583) (2.654) (2.231)
line Loop, and Steam line - Vapor partial pressure difference between FP and
aerosol surface
— Water injection via CS
— Mass transfer coefficient, Sherwood number
— Amount of FP saturated vapor
— FP vapor concentration
- Vaporization rate (Condensation rate) of FP vapol
in the condensation plane
— Diffusion coefficient of the vapor
— Diffusion coefficient of the FP gas
— Temperature
— Vaporization of deposited chemical species
- Condensation on the wall surface
2202| RPV Vessel, Re—suspension Middle Middle Low
Loop, Steam Related parameters (2.136) (2.200) (1.500)




line

2203

RPV

Vessel,
Loop, Steam
line

2204]

RPV

Vessel,
Loop, Steam
line

2205]

RPV

Vessel,
Loop, Steam
line

2206

RPV

Vessel,
Loop, Steam
line

2207|

RPV

Vessel,
Loop, Steam
line

2208

RPV

Vessel,
Loop, Steam
line

2209

RPV

Vessel,
LLoop, Steam
line

- Velocity

IAgglomeration
Related phenomena
— Thermal agglomeration with Brownian motion
- Kinetic agglomeration by the velocity difference
— Turbulent agglomeration
Related parameters
— Temperature caused by decay heat, steam
leakage, water injection, and radiation to PCV
— Difference of the particle diameter
— Difference of the particle velocity

Middle
(2.000)

Middle

(1.909) (1.455)

Deposition by diffused migration
Related phenomena
- Stefan flow
- Interdiffusion
— Brownian motion
Related parameters
- Bulk flow of mixtured gas (Non-condensable gas
and water vapor)
— Concentration gradient of the gas mixture
— Mass flux of the steam condensation
— Temperature caused by decay heat, steam
leakage, water injection, and radiation to PCV

Middle
(2.000)

Low
(1.625)

Middle
(2.091)

2210]

RPV

Lower
Plenum

Diffused deposition by convection
Related phenomena
- Fluid state (turbulent/laminar flow)
- Noncondensable gas generation (high temperature)
— Steam generation due to FCI
— Chemical reacton between gas
— Hydrogen Combustion
- Recriticality

Middl

(2.091)

Middl

(2.273)

M:ddl

(1.792)

Deposition by thermophoresis

Related parameters
— Temperature gradient between gas and wall
— Thermophoretic coefficient

Middle
(2.091)

Middle

(2.000) (1.625)

Deposition by gravitational settling
Related parameters
— Density of the aerosol particles
- Particles diameter
- Cm(Cunningham) correction factor
— Spatial volume
— Deposition area

Middl

(2.273)

Middl

(2.182)

M:ddl

(1.909)

Inertial deposition
Related parameters
— Gas velosity
- Stokes number

Middle
(2.091)

Middle
(1.708)

Middle
(2.273)

IAerosol growth by hygroscopicity

Middl

(1.875)

M:ddl

(1.727)

Middl

(2.125)

[Scrubbing
Related phenomena
— Water injection into the lower plenum retaining
debris
There are knowledge in general under the lower
temeperature during steady state condition.

Middl

(2.208)

Middl

(2.273)

Middl

(1.958)

2301

RPV

3. Transport in RPV and|
PCV

Leakage via instruments, penetration, etc
Leak potential
- In-Core instrument (SRM/IRM,TIP)
— Instrumentation pipe
= Pump seal
Related phenomena
— Inertial deposition
— Re—suspension by the turbulence diffusion
Related parameters
— Temperature
— Liquidus—solidus line of the instrumentation tube
— Leakage area

High High High
(Engineering(Engineering(Engineering|
Judgement)|Judgement)|Judgement)

- Pressure
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2302

RPV

2303

RPV

Lower Head

Leakage via gasket
Leak potential
- RPV flange
— MSL gasket
- MSIV
Related phenomena
See also 2301
Related parameters
— Liquidus—solidus line of the RPV wall
— Liquidus—solidus line of the CRD guide tube
See also 2301

High gl( High EL High JP
(Engineering(Engineering(Engineerin

Judgement)

Judgement)

Judgement)

Leakage by RPV damage
Related parameters
— Liquidus—solidus line of the RPV wall
— Liquidus—solidus line of the CRD guide tube
See also 2301

Low
(1.400)

2401

PCV

Pedestal

4. Ex-vessel Release

2402]

PCV

Pedestal

MCCI (Concrete erosion)
Related phenomena

- Concrete erosion

— State of the debris layer

- Crusting

— Heat transfer on the boundary layer of debris

— Heat transfer in the gap of concrete debris

— Heat transfer between the water and the debris

— Spreading on the floor

- Chemical reaction with the corium

— Generation of non—condensable gas (CO and H2)
by oxidizing the metal by CO2 and H20 generated by
decomposed concrete

— Scrubbing and crust generation when there is a
pool on the molten pool

Related parameters

— Heat flux to the concrete, Concrete density, and
Enthalpy of eroded concrete

— Sensible heat of the concrete, Energy by chemical
reaction, and Heat generation by melting the oxides

— Components of the concrete

— Debris density distribution

— Temperature distribution in the crust, Solidification|
temperature of the debris

- Gas film, Slag film

— Chemical reaction between the debris and the
concrete floor

— Convection and temperature distribution in the
debris

— Debris properties

- Vaporization

— Steam release from the hydroxide

— CO2 release from carbonate

Low
(0.182)

High
(2.455)

High
(2.875)

High
(2.364)

High
(2.731)

Re—entrainment of aerosols by PCV depressurization
Major technical knowledge related to the migraion of
aerosol behavior in the PCV is generally sufficient.

Low
(0.333)

Middle
(2.125)

Middle
(1.833)

2501

PCV

S/C

5. Aerosol Behaviour in
Containment

iScrubbing by steam flow from SRV to S/C
Related phenomena
— Inertial impaction
- Condensation
— Gravity settling
- Aerosol collection in the bubbles
— Brownian diffusion
Related parameters
— Bubble rise velocity
— Bubble density
— Bubble diameter
- Velocity at the discharge outlet
— Vapor mass flux
— Steam ratio in carrier gas
— Career gas viscosity
— Carrier gas pressure
- S/C water temperature

High

(Engineering(Engineering(Engineering]

Judgement)
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Middle

Judgement)

N/A

Judgement)

K




2502| PCV S/C
2503] PCV | Pedestal
2504 PCV | D/W, S/C
2505/ PCV | D/W, S/C
2506 PCV D/W
2507 PCV D/W
2508] PCV D/W
2509 PCV D/W
2510] PCV D/W
2511 PCV D/W
2512] PCV D/W
2513 PCV D/W

- S/C water level

— Diffusion coefficient of the particles
- Total pressure of S/C

- Steam pressure of S/C

- Quencher diameter

— Cm(Cunningham) correction factor
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[Scrubbing with the vent from D/W to S/C Low High High
Related parameters (1.542) (2.625) (2.375)
- vapor flow
- S/C water level
- S/C water temperature
[Scrubbing due to water injection to the pedestal floor Low Middle High
(0.583) (2.292) (2.333)
ITraping due to steam condensation by spray Low Middle Middle
Related phenomena (1.273) (2.167) (2.208)
— Diffused migration
- Stefan flow
Related parameters
- Steam condensation rate
— Molecular weight of steam and gas
- Mol fraction of steam and gas
— Mol concentration of bulk gas
— Particle deposition velocity
— Droplet surface area
— Spatial volume
[Trapping due to collision with droplets by spray Low Middle Middle
Related phenomena (1.273) (1.818) (1.875)
— Interruption
- Inertial collision
- Brownian diffusion
Related parameters
— Aerosol particle radius
— Spray droplet radius
— Reynolds number of droplet
— Spray volumetric flow
— Spray drop height
— Spatial volume
- Stokes number
- Peclet number

[Steam condensation by drywel cooler Low Middle Middle

Related parameters (1.455) (2.083) (2.000)
- Steam condensation rate
- Bulk gas density
— Gas phase volume

Aerosol deposition model to tubes have been constructed.

But there are a large amount of uncertainty.

ICondensation / Re-vaporization / Adsorption Middle High Middle
See (1.818) (2.455) (2.208)
also
2201

Re—suspension Low Middle Middle
See also 2202 (1.455) (2.125) (2.083)

IAgglomeration Middle Middle Middle
See (1.700) (2.100) (2.000)
also
2203

Deposition by diffused migration Low Middle Middle
See (1.500) (1.864) (1.727)
also
2204

Diffused deposition by convection Middle Middle Middle
See (2.000) (2.300) (2.091)
also
2205

Deposition by thermophoresis Middl. Middl. Middl
See (1.700) (1.955) (1.818)
also
2206

Deposition by gravitational settling Middle Middle High
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See (1.792) (2.273) [Engineering
also Judgement)
2207
2514 PCV D/W Inertial deposition Low Middle Middle
See (1.545) (1.909) (1.875)
also
2208
2515 PCV D/W IAerosol growth by hygroscopicity Middl Middl Middl
See (1.792) (1.875) (1.727)
also
2209
2516 PCV D/W DCH Low Middle Low
Related parameters (1.300) (1.792) (1.500)
- Pressure
2601] PCV - 6. Transfer out of Leakage via instruments, penetrations, gasket, etc Low High High
Containment Leak potential (Engineering(Engineering(Engineering|
- Top head flange Judgement)|Judgement)|Judgement)
- TIP(Traversing Incore Probe) penetration
- CRD (Control Rod Drive) hatch
- S/C manhole
— Equipment hatch
— Electric penetration
- Bellows (vent, penetration)
- Vacuum breaker (1F1 only)
Related phenomena
— Inertial deposition
— Re—suspension by the turbulence diffusion
— Decay heat
- MCCI
— Radiation from RPV
Related parameters
— Vapor temperature
- Liquidus—solidus line of the organic seal material
— Leakage area
- PCV pressure
2602| PCV S/C Wetwell vent Low High High
Related phenomena (1.000) (2.455) (2.545)
— Inertial depositoin
— Scrubbing
— Scrubbing at the rapid de—pressurization
— Scrubbing at the depressurized boiling
— Scrubbing at the time when a large amount of hot
gas containing the FP vapor was flowing
2603] PCV D/W Drywell vent Low High High
Related phenomena (1.000) (2.636) (2.909)
— Inertial depositoin
2604 PCV - Filtered Containment Venting Systems (FCVS) Low Low Low
(0.955) (1.455) (1.636)
2605 RPV, - Migration of radioactive material by the injection water into the Low Low High
PCV reactor (0.800) (1.364) (2.364)
2701 R/B - 7. Aerosol Behaviour in |Aerosol Behaviour in Reactor Building Low Low High
Reactor Building Related phenomena (Engineering(Engineering(Engineering|
- Condensation / Re-vaporization / Adsorption Judgement)|Judgement)(Judgement)
— Re—suspension ‘
— Agglomeration !
— Deposition by diffused migration |
— Diffused deposition by convection !
— Deposition by thermophoresis
— Deposition by gravitational settling
— Inertial deposition
— Aerosol growth by hygroscopicity
See also 2201 — 2209 |
2702 R/B - lAerosol deposition on the narrow part (clearance of the shield Low Low Middle
plugs, etc) (1.292) (1.625) (2.292)
2801 PCV | D/W, S/C [8. lodine chemistry IGeneration of acidic substances by radiolysis Low Middle High
Related phenomena (1.409) (2.182) [(Engineering|
- Production of nitric acid from the nitrogen by Judgement)
radiolysis
- Production of hydrochloric acid from the cable




2802l PCV | s/C
2803 Pcv | s/c
2804 Pcv | s/C
2805 Pcv | D/W, S/C
2806] PCV | s/C
2807 Pcv | D/W, s/C
2808] Pcv | D/W, S/C
2809 Pcv | D/W, s/C
2810 PCV -
2811| PCV -
2812 PCV -

coating material of the electric wire by radiolysis
Related parameters
— Nitrogen mass in the atmosphere
— Dose rate in the atmosphere
- Cable insulator mass
- Dose rate of the cable insulator
Hydrolysis Low Middle High B
(1.409) (2.300) (Engineering
Judgement)
Re—volatilization of iodine by acidification pH decrease Middle Middle High P
Related parameters (1.708) (Engineering (2.545)
- Hydrogen—ion concentration Judgement)
— lonic activity
— lonic strength
odine Middle Middle High P
chemical (1.708) (Engineering (2.545)
reaction Judgement)
n water
pool
Related parameters
— The molarity of the active chemical species
— Gas pressure in the atmospheree
— Water density
— Molarity of the iodine species
- Reaction rate constant (Forward/Reverse)
— Source by radiolysis
Decomposition reaction of iodine in the atmosphere Low Middle High P
Related phenomena (1.542) (2.125) (2.417)
— Thermal decomposition reaction
— Radiolysis reaction
Related parameters
— Hydrogen concentration
- Ozone concentration
— Ambient temperature
— Dose rate atmosphere
— Oxygen concentration
— Water vapor concentration
ITransfer between gas phase and water pool Middle Middle High P
Mass transfer coefficient between atmosphere and (2.091) (Engineering (2.833)
water pool Judgement)
Surface area of water pool
Atmospheree volume
Molarity in the atmospheree and water pool
Recombination reaction of iodine in the atmosphere Low Middle High B
Related parameters (1.500) (2.125) (2.333)
— Molarity of I and 12
— Ambient temperature
— Partial pressure of I and 12
- Equilibrium constant
Wall deposition of iodine in the atmosphere Low Middle High P
Related parameters (1.625) (Engineering (2.545)
— 12 concentration in the atmosphere Judgement)
— the amount of 12 deposition per unit area
— Adsorption rate
— Desorption rate
Wall adsorption and desorption of iodine by chemical adsorption Middle Middle High B
process (1.792) (Engineering] (2.545)
Related phenomena Judgement)
- Adsorption/Desorption in the atmosphere
(Chemical adsorption to the paint with CH3I and 12)
— Adsorption/Desorption in the water pool
(Chemical adsorption to the paint with I-, 12, and
CH3I)
Effect of impurities in the water pool Low Middle High B
(1.000) (1.682) (2.400)
odine chemistry under high water temperature conditions Middle Middle High P
(1.818) (2.208) (2.545)
Effects of seawater Low Low High U
(1.100) (1.591) (2.400)
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2813] PCV - odine release from R/B contaminated water N/A EL High EL High gl U
(Engineering(Engineering(Engineerin
Judgement)|Judgement)|Judgement)
9. Chemical form There are still large uncertainties about the chemical form|
lodine, Cesium) of iodine.
Large amounts of gaseous cesium that can not be
explained by conventional knowledge was observed in
Fukushima accident.
2901] RPV |[Core, Lower Re—evaporation of 12 by the decomposition of Csl Middle Middle High K
Plenum Related phenomena (1.667) (2.208) (Engineering|
— Decomposition of Csl with boric acid Judgement)
— 12 generation due to the oxidation of Csl by an air
atmosphere
2902 PCV - Effects of seawater Low Low High V]
(1.100) (1.591) (2.400)
2903| RPV, - IA generation ratio for the inorganic iodine of the organic iodine Low Middle High P
PCV (1.500) (2.167) (2.375)
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3. SAMPSON-SWG

3.1 [FLoIz

SAMPSON-SWG T, HAETHE SN ©T 7 27 7 Mg =— F SAMPSON % ()
TR A LTI (AT, =3I K EEWEREE, BREH R O%RE
FT 1~3 SO FKAERSL BT 7 7 27 v MBI 5 BEE RS OfEHT %8 U T, SAMPSON
a— FOREEMHT D L2 AME LT,

3.2 SAMPSON o— FODBRBZELME

SAMPSON-SWG (233 1F 2 RRFHRI 23R R 2 A1, 1993 A LV 10 FF5HH T2 — RABRE X
Nl a— FOMELZ F L TR <, F L IESCHRB-1][3-2] 2RI Lizvy,

AT 70 NMZBW TV ET 77 o7 v M BE LGS, @ ERRED D Fi ok

SUZE DRI, BRENEEIC/L BN 2 TR R A W) O F B NEMEICSERE L, H
OHAICHBELAEVWRPRLEND 2D, FHFO —HOZEH 2RO L > THAT S

DTS CTHREETH D, L7z -T, REBRTIE, FHHFOREOREIZERL, 0N
BT DR HROMAZ B L TVAILOMFIEAETHD, TORD, FHEKICE
F5 7T b ORI IR B ORI 2 — NICHE S X5 25720,

FRvEeT T UTy MENT 2 — KD 5 5, MAAP, MELCOR, THALES 72 XD\ 3
Lumped-Parameter =1— K%, £& U TREBRAZERMA L, KEBERERIZE SO TREREESC
Fa—=U T « RIA—ZERETDHENI FiEE L STWD, HREAMPNNINT &R
RROFRETHY, YT 77T v MEROADIEFE, L~UL 2 PRA O Y — R Z — L
T 72 & 2 AT & 32 0 TR FE M T 25 Z L AR TH D,

ZHUCKI LT, BT O DDA I =AT 4 v 7 a—RKewnbhbdbo s LT, XKEH
E%ﬁﬁ%%éémwm)iJﬁ%ﬁ*“ﬁ@%%%ﬁ%kLtmmmﬂmw%%%ﬁ%ﬂ
DEGOHEXGEE Uiz CONTAIN ZEZBE L7z, LML, TNODAN=AT 4 v a—
RIZBWTH, BIREOLDODOEMEEI NG, H25WIERGOHEMN R+ 47 lodl, —H
fiilsft L7=E7 /v (5l 21X, RELAP5/SCDAP ~TIXIERMIA L OBENZEE), CONTAIN TII/AKFED
REEFENEC) ZBHA LTV 5D, T, KEZBERIRIC waﬁ,_nawz—hfi%
TIMMES TR, EBIT, RTFRGNOFERD DM EGNERICEDL ~HEOFER
%*gbfﬁﬁf%éfﬁ3274y7ﬂﬁFiﬁM%mum_iﬁELT%ﬁ#otk
S TWns[3-1],

ZOXI RO T, BRFO )15 B AR (NUPEC) TlXi@piE Y (4R D &G
2%, HAETEMESN TV DBKEFFHRET T o bR e LT, @EIEkR
MHBYETT IV T v MIEDL ~HOFRREMNIT CX DY 7 by =7 %8 H L, FHEME
Ra2lb—va iR THYURFORPRELFFET L2 L2 AN E LIoFHEL 1993 1 X
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D10 FRHE CRE ST, BT 5V 7 b =TI, BKFOREREEZFETEHHD
LT LT, TELRETWEBIR 2 EEIIFLE LR T LV CEET L2 L 2 L,
IO ARSFONERE BB L TEY 2— LR E LTS, ZOL) M EEEL,
BT DY 7 by =T ZDE D% IMPACT (Integrated Modular Plant Analysis and
Computing Technology) &E#rL 7=, “IMPACT” %, ==— KRB 7u T =7 MLICHEDI
77

SAMPSON (Severe Accident analysis code with Mechanistic, Parallelized Simulations
Oriented towards Nuclear fields)iX, E/KIFIET T o b DT IEERE) O F A
NES R THRNERNERICELIRO ~HEOBHL 2RISR E LT, Fiko— BTz mThE
ET BT SNIZLDOTHY, IMPACT Y=/ hTHESN-a— ROFL &AL
BT O TWD, BIEIET /R IR ETA LIRSF STV S, 7285, USNRC D 2 — R&%
G A A 49~ 2 B W PR D 28 1997 4F 6 A ITHiRE ST b,

SAMPSON X, 11 fHOMENTEY 2 —/L &, FRAERIZIE U THRITE Y 2 — /VEED FEL T
AT O TR T Y 2 — L & TR SN TV, £ 2504774 YV 2—/LE LT,
KRFBIRANTE Y 22—/ (hyna) LKFBRBELETENTE D = —/L (ddoc) N> D, fRHTE Y
2—DH L, JFFIFREENEUK IENTE Y = —/L1Z1% USNRC O RELAPS %, F&HIZS SN
IR ITRMTE Y = — L1 1d USNRC @ CONTAIN 2RI L, 1 %R FP ZEERNTE ¥ = — /LB &
UM ER N FP 2B RHTE 2 = — /LI, —#E L C NUPEC CBHiJS S 7o mEIRN FP kg
Hr=t— N MACRES Zeh B L CHIHI LT\ o, MEHTHIEE S = —/L (A X, HFils 7Y I
Jis Utz 11 B OMHTE ¥ = — /L OB 2B E, FATHIE, BERES L0 A 22T v
HIEHAAT 9 o

FP Behavior in
RCS (FPTA)

In-Vessel Thermal
Hydraulics (RELAPS- =
Mod.3.2 (THA1,THA2)

Fuel Rod Heat-Up
(FRHA)

FP Release from
Fuel (FPRA)

FP Behavior in

Molten Core Containment

Relocation (MCRA) [

Debris Cooling in

Lower Plenum (DCA) |

Debris-Concrete
Interaction (DCRA)

B

- Steam Explosion L=

(VESUVIUS)

SAMPSON D& 3 = — /)b
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(FPTA)

Containment

1 Thermal Hydraulics

(CVFA)

Debris Spreading
(DSA)



3.3 SAMPSON-SWG o ;E BN =

ARAFFEEL 2 B2 ORRALE % D 2011 4F 11 A 1Z SAMPSON-SWG 23325 B8, ZhET, 6
BEIBAME L7z, £9°, IMPACT 7'm ¥ =7 MIZE L TWe KRR - Fld#Bdzs 6 [SAMPSON
DEAFE L WBET VTONT ) L LTCEiEN 2R, 3B L0 REEIC SAMPSON = —#C
bolT 7 aT 2T LA [SAMPSON OFE#HE « A A F—/LERIZ OV T] L)
2= PHROFREZTANZ, B ICTHLI= R LHNOEZEICHT 52—, AJ), +
:;7»®mﬁi2m1$12ﬂ;9%ﬁb,:mif’3W®%Eﬂ—ya—y®@ﬁﬁ
bolz, ok, AUFFEREFZE B ThIAG SN D SAMPSON D A7 —21%, ABRTEHRIC
< TEEF—JRFFEER 1 £7203 2,3 SN ObOTHY, TRELHRENG O
T THD TV BT OECD/NEA @ BSAF (Benchmark Study of the Accident at the
Fukushima Daiichi Nuclear Power Station) THWBHILTWA AT —H LITEEICIT—
LW,

SAMPSON =1— R785EART S AV B, HRR:, KRIRK, BEXROEERT, Al
MHE R, HOXLHERT, WHFRT, BRI IFICER RS, 17 2 A,
BT, WRES, TSV AT AR, WE, BNiSYERT, BN GE==2—2 U7 -
ThY—, ZFEEL, ZERF (ERFE) Thod, =—FHBEIC X 2 RabRoUE, EHI
(2B D SAMPSON-SWG DG CHaT 34, BAFE LD = R LA 2 I 2 72158 70 ifeam 23 22
bahTar,

3.4 SAMPSON o — FIZBi 9 H#&REHIKIR
ZITHE, AHMEASRERICH—FRIER LI AR E JEIZ, SAMPSON == — K2
B3 2 BRI & ISR T 5, 26 ORBENE, 8B 2SIz,

3.4.1 In-vessel T /L ORE L BEHE—RTHRENMEHROMHIBEREDOMHENT

BT O =R TN OIX, BEE R IR ERM LA E 2 72 SAMPSON 22— Rk
REFE[3-3] D17y, BEH R EFT 1, 2,3 SO FHOERMTHE R [3-4~25] 1%
BRI TN

1 BT, HE %éﬁ%ﬁ5ﬁﬁﬁ_ﬂ7mmmmrﬂﬁﬂéh,%9ﬁﬁﬁ_ XaT
JES % RIBIZEBZ. 2 R T A 7 = VIEDGH S 4, 12 REFZIZITSFEDSK 0. 9MPa (ZJRUE L
TWDLZENFHHIEN TS, ZhbOFEHEE, B & HMERAEDKH 9 RE%ICITR T
FRHZRDIESI N XY PHE L TR IA T 2 b~OEHEY — 7 BAEL TV Z & &2l
SRELTWD, JRFFEARZ RPY) O T~y FIE-EPME—D Y — 7 NS AZLUEL
TR O TlX, HIERFEAEN B 14 KRl O RPV FE~» R £ TIIFEOER TR R
TA T VERO EFBECRWEER & e o 72 [3-4], HAREEIH MAAP & FVTHEMT L7z
il R b, MR AWK 16 B TO RPV T~y FREHR L WS b DO TH-72[3-26], £ Z T,
WHRE S OZDOHBOET THEM S b O L RIS, =R T TIE, K LZ2H (SRV)
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DHAr sy hIHO Y —27 & JFNE TIEOR T D FRAER H %5 (Source Range Moni tor:
SRM) /H[EIfEI K 2% (Intermediate Range Monitor: IRM) D H A RF = — 7 DG E K
ELMT 2 FEmL, st — 2 oEmz b2 BREFRTI2/ENGTLNATND
[3-12, 15, 16, 19, 20, 22, 25], F 7=, BLK TITFLAEED ORI 67% D3 EEREL, £ 572kg DK
FMNRPVATRAE LSO LG STV 5 [3-25],

2 SHETIE, JRFIFRGIARR D D OFREAN LS U7k TR AR RRBERD AR (RCIC) 23
RREEBE L W22 enn, 7Ly va 7 —LKIR BT X2 ZRKERERE ) DI
DEZD, FRELTRIA T VENPRAICEF LIZEDEZE X BTV S, SAMPSON
\ZEDHHOHTTIL, 2D RIA T = /VENO ERZ2F2E K0 @ KEHE L Tu2[3-61,
ZOHOENTCIX, HEIC KD b—F AENRAK L, HERAENHK 56 KfH T h—T7 A=
BRFED 30%FE TH/K T/ SN EET H &, K 70 Kl E TO KT A 7 = VLS OfEHT
FERNFEIMEE L BT D 2 EaRENTZ[83-23], F£72, 2 SHE T RCIC HIEH ORI
BIRNEIR L2720, FNOKMEZ L-~UL 2 & 8 ORISR X 9 2 RCIC ASEE), /{5 11 % f
DIETZ ENTE/ 2D, RCIC OB@HFITIFRNARMNR L~ 8 #x Tt BEZXbh
TW5, TR ITAFCIE, RCIC OBRE)Y — b N ARSI Z ATEER OB R & HiT- 1€
TN T H T, EHRVHMEBEBOFIEOWEMEAIMATHR I LTV
[3-13, 17, 19, 20, 23, 251, F 7z, BLIK TITNFOHEEY DK 38% M Eami L, £ 930kg DIKFEN
RPV NTHA L7 @ LRl S 41TV 5 [3-25],

3 FHETIE, EERBRIC X2 mEIKFR (HPCI) DSy A EEA L D JE D —RFHy 22T
DERISNTEREY, ZE2HFHRT 272D O ARMEIRET L= T CREINT
W5 [3-11,18,19,20,25], F7=, V7L v a7 — L ORERBILICLDEADREE
B Ly a =V AT LA DETFTAZEBNTLZ LT, FIA4 7z EHDH
EMEPMERFE STV 5 [3-15, 18], F 7=, fRBREAKIZ XL 0 FEERITHF LM A - 72K &3 RPV
THEE~y RO AR EREEL RIFT 2 LARBRENTWS([3-24], £/, BURT
A DREEY DK 40% M IARE L, 9 880kg dD/KFENS RPV W TRA L= D LG STV
% [3-25],

LA ICBEE T 27 VB OB E | SO EGERMITIL, FRK 7P Th EES
T 5[3-27~33], RPY DIJEICEET 2D E LT, SRE T A RESLERGEED Y U —
THHRETAVPRF SN TN D, FNOEEREIRZICET 260 L LT, BEHEE O
7 V=T, SEENEST v RNy 7 A, R — A, flEBEYEE oL
T, BALBENKRER ZEE T D 2 LIS XD Pl ~0 2, MBI L DI NIRE
AT O, @R OBIKIC X 2EBYRHERDIXT, BC & AT L ADOHAE/ERIZ X 5ik(k
BEOK TR ERBRT SN T 5,

Lt&I%, RPY WO T 7V A OHEESS, 27 -2 7 U — MUis (MCCI) ¥R, Jii7-
FRANE IR OIRE — R X A 2 v 7 ORIl & Z IS BB 2T T IVE% - B e A
EEHEE L TCETOND, 2 5HIZ OV TIE, RCIC #—E VL OHERBR Y7L v g
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=D —EETNC AT T2 2 LIS X D T — LK DR E R L O R S EREE & LTS
b TWa,

3.4.2 Ex-vessel BT /LS
& — R B IT R O AT & LTI, AT TR L7 L 912, BRIRIE In-vessel
ICOWTEITHRBETEN TS, Ex—vessel OFEE LT, In—vessel |T EA’CE CAHEDN Z 8
REL D EBZONTEY, gD EBY, T7VHHOHESL, 27-2 27U — M
J& (MCCI) DRPL, JRFIEMNAZR OB E— ROF A I U 7R ENEERELE L TET
BHA15, SAMPSON-SWG {233 T, Ex-vessel TORKEMN SR Z HIY) & LIZET /UG
REFESEBR & O bk, B U Tz e/ MRRESEBR 70 E iR i S v T B,
4%,@%%*ﬁ%ﬁ%$%k%ﬁ%@7m¢¥% D5 ET, BMARNICET ST
DARBUZ T D IERBBETH D03, ZHUE, RPY 76 OFEFEIRE O IRIBLIR L O 52
é.a%’f:i“ FoHEEBEZOND, BIZIE, REROMBRALSBEE 256 121E, RERIL L Y A
FIZhBT 2L b ﬂl%%k@ﬁiﬁ’i@lkﬁ%Léht&%thé LN

HRZE T 2 R AARE {}IL@{}IL@Jqé_f X, ARSI BT A EARR R ONRD 1 ST
H DN, FRZEHALO 02 1mm %iﬁfx%) e, uEY/IL@TK?% D RSP AL R L2 B9 5
X, OO TRLNRNICH D, EXEERFETIE, RIKRETEOFRENRE IR IR

W b ORI & LT, %mD@%%k Fﬂﬂwﬂm®fﬂbﬁﬁﬁoﬁmm%r
FAFTRBIZONWT, EBRWNRREIN 2 S Tn5[3-34~37], WATLT, 77 VDET
Wi FEC i/ NMRBNE SIZ KV, XTFRAZVRE BIZB T 57 7V QIRB D RS ED L 5
WZZAbT 2 D7Dy, SAMPSON =2— RDF 7 U JKAA Y ZFEE Y 2 —/ (DSA) % v THUE 5
B R X LTV 5 [3-35, 361,

LR (2 T L) ORMARKIZI T D IR0 0 2813 MCCT OG- TH 2 D&
HT, BIR~v—7 [ MR EGRD T A T — ML LR TIEET —~Th o, BREK
FCIE, 2 OZE) & IEEMEMEEGHA DAL O RETE 2 BRI K O BRI gt <
& BRiFIE (MPS %) Rt o — FZ&2 AW TR~ DS Cghr L, SAMPSON =t — RY3%E
IV DRRFEDT I TV D [3-38~40], Z 4V E TIZ, BEfED FARO/26S, ECOKATS-VI MK O
Theofanous /KFEERZIMPS =2 — R CTE S HFHEINTWD, ZOMPS 22— RN & Db 2 5#

SAMPSON @ DSA & = — /W2 BT 5 & & 0 O st Hk - D% ﬁzﬁzﬂ%ﬁéhﬂ\é

£/, WBSCEEFTICBWTY, DSA Y 2a—/MZ L DT 7 VLA D PR L2 B /Y

ET LT ET VOB EAPRE STV A [3-41, 42],

3.5 F&HH
VETT Ty NOFERERFMICBIT D RE AN I EEBL, BEE IR
WENMCTBEXvET T 7Ty NG (FRCT 7V ORI OHEERSE %R DT 7 v
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