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Major | Sub barrier Major Major
Barrier Phenomena components
Sub Knowledge level Further research
components | (exp/simulation) needs
SAMG Regulatory
actions significance
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Major Sub barrier Major Phenomena Major
Barrier components
RPV Core integrity Core heatup, oxidation Less heat
&melting, transfer to
Channel blockage... coolant, decay
heat distribution,
Lower head Lower plenum water | Water inventory,
integrity behavior, lower head corium pool
heatup & failure configuration, ...
Surrounding Shroud heat/melting, Radiation heat
structure integrity | RPV wall heat/melting transfer,...
Core upper Upper plenum heatup Coolant level,
structure & melting, relocation radiation HT,...
RCS PZR surge line
boundary Temperature-pressure Natural
Hot leg induced natural circulation,
circulation Failure
SG u tubes mechanism
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Challanged Physical Barrier Major Phenomena Sub-Phenomena
Reactor core (cladding) Core melt progression »
Core melt
Corium relocation
Corium pool formation »

2 layer pool
3 layer pool
solid layer + pool

Lower head Global failure (Creep) »
High temperature creep
Meltthrough (over T) »

Corium pool formation
Focusiong effect (thermal load)
Ex-vessel MC

Penetration failure =

RCS pressure boundary pipings Temperature induced failure »
MNC in RCS

PORV open »

Out of containment piping break =

Interface LOCA
SGTR »

Multiple SGTR
d Isolation failure
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dHA = A4 challenges  action results opgc main parameter phenomena (direct indirect) (SFSHF1)  core ||
Hed RPV high pressure depressurization hpme ablation corium pool configuration heat up
temperature  safety injection ~ TISGTR creep(local) thermal load corium composition and property Mgt
TI PZR creep(global) corium mass THHH A
Tl hot leg penetration WA blockage
instrument 2.2 melt through pressure
heat thermal load
N
rcs boundary TISGTR
TIPZR
Tl hot leg
activities
BAHES
S O|ddALL= =
BA d™dS #Esl= 24 (challenges)& X A
S ieciont 815 =, 10| Cgt Z=X|AFS (action) 2,
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Major Barrier (Goal)

RCS Boundary

Sub Barrier/Systems | Major Phenomena involved specific phenomena involved (level 1) | specific components involved or
lower head lower plenum water behavior  |water inventrory (water level) corium delivery condition
integrity
heat transfer from core to lower plenum coolant convection
radiation
lower head heatup corium pool configuration 2 layer
3 layer
corium pool coolability water ingression
natural circulation inside pool
heat transfer from corium pool to lower head decay heat
pool heat transfer correlation
heat loss to ex-vessel (ERVC)
lower head failure global failure {creep)
penetration failure
focusing effect (local)
A
in-vessel SA
mitigating systems  |Depressurization PORV/SDS, RCS boundary failure
availability
recovery action 2 37|in-vessel injection eflooding (core) SIT, ECCS, injection from outside
uenching (lower plenum)
ex-vessel cooling cavity flooding system
uter surface heat transfer
SG u-tube pressure/tempetaure natural circulation
induced creep failure mechanism (creep)
Pressurizer surge line
Hot leg
=4




H|ot=l PiRT (1)

cladding oxidation&melting

channel blockage
& molten pool formation

corium delivery ta LP

heat loss to surroundings

HEA

reflooding (core)

steam flow (rich/starvation)
available cladding mass
excess heat for melting
hydrogen generation

fuel relocation
refreezing
flow area reduction

blocked channel reopening
corium flow to core support plate
core support plate failure

lateral heat loss (shroud/RPV wall)
upper/lower heat loss (upper/lower HS)

depressurization TH £

b= 4T 71
DCH 7| 2%

Failure Modes(1) Failure Modes (2) Major Phenomena involved phenomena description knowledge level  SAMG significance | Regulatory significance
(HHIEO| da 40 (4E/25/YFE  /mitigtion actions  |(action/Law/needs)
(GE0/EEE/292) (Se/ g E/dladion/rE2Y/E2R4Y)  |(B=3/44Y)
Loss of Loss of core integrity |core heatup less heat transfer to coolant (0|B&/0| B2 /HEE)
RPV integrity decay heat distribution

e Al = =
Y 472 4yz U3 gan

depressurization/SAMG
action
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H|OtEl PiRT (2)

Failure Modes(1)

Failure Modes {2}

Major Phenomena involved

phenomena description

knowledge level

Loss of lower head
integrity

lower plenum water behavior

lower head heatup

lower head failure

A

quenching (lower plenurm)

water inventrory (water level)
corium delivery condition
heat transfer from core to lower plenum coolant
convection
radiation
corium pool configuration
2 layer
3 layer
corium pool coolability
water ingression
natural circulation inside pool
heat transfer from carium pool to lower head
decay heat
pool heat transfer correlation
heat loss to ex-vessel (ERVC)

global failure (creep)
penetration failure
focusing effect (local)

SAMG significance Requlatory significance

(

recovery action g5 F7

in-vessel injection

ex-vessel cooling

reflooding (care)
guenching {lower plenum)

outer surface heat transfer

HPME depressurization
Upper head failure
in-vessel SA
mitigating systems  |Depressurization
availability

loss of core geometry
g7 =%
loss of LH 2R =%




H|ot=l PIiRT (3)

Failure Modes(1)

Failure Modes (2) [ Major Phenomena involved

phenomena description knowledge level| SAMG significance Requlatory significance

Loss of
RCS Boundary

Loss of SFP Cooling

1perature[Pressure]-indud
Failure

Initial Events

5/G

Surge Line
Hot Leg
Check Valve

ISLOCA
PORVISRY)
56 tubes
Fipes

natural circulation

failure mechanism (creep)
pressure/fempetaure
induced creep
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‘ Requlatory significance

Fallure Modes (2

Major Phenomen involved

phenomena deserptian
R34 28

il

d

(Eat/ s Ry

Related issues

related phenomena

related phenomena in FP behavior

Issue description

Logs of core integry

C0re Negup

dadding oxcationéimeltng

channe/ lockage
& moten pecl formafion

corium defery o 17

heat logs 0 surroundings

1A

refooding (coe)

less et transfer to coolant
decay eat diution

steam flow (ich stavatior]
aNalable cacding mass
eltess het for meling
hydrogen genereion

el relocation
refeezng
o arez redlucion

blocked channel reapering
corium flow to core support plte
qore sugpart lae flre

lteral heat loss (shrouRPV wal)
Uggerlovir het oss upper/ower HY

(0= 93| BEE)) in containment integrity ‘ (F00 3%, 5220 8y § 49
EE2/FHEAET) (@2%) (o) o M ZA 3 U8 He
Ted /AnAzE 84 Al natural circulation within RBV
FTT 17 8YS 28 250 Fg (BE BE 1754
OEEEH HYES in-vessel injectiond| FF £ reflooding issue Of O L2 G2 9%

07| ££ SAMG acfion 28 7)
ovidation by air

ovidation for high burnup fusl

spatial growth of molten pool in core?

corium pool falure modes
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PiRT B& & 0(3)

corium flow to core support plate
core support plate failure

heat loss to surroundings

HEA

reflooding (core)

lateral heat loss (shroud/RPV wall)
upper/lower heat loss (upper/lower HS)

depressurization/SAMG
action

Failure Modes(1) Failure Modes (2) Major Phenomena involved phenomena description Iknowledge IeueI! SAMG significance | Regulatory significance
(MEEEO a4 (4E/25/YFE] /mitigtion actions  |(action/Law/needs)
(550 HES/E9R) (HHE/HEE/ Gction/7EY/ERY)  |(F=8l/EEY)
Loss of Loss of core integrity |core heatup less heat transfer to coolant (0] Y& /0| BL/2Y T
RPV integrity decay heat distribution
depressurization TA =
BlY=HTE 7HE,
cladding oxidation&melting steam flow (rich/starvation) DCH 9 =5
available cladding mass LAl W2k~ AT Q|5 WD}
excess heat for melting
hydrogen generation
channel blockage fuel relocation
& molten pool formation refreezing MAAP-
flow area reduction MELCOR
Crosswalk
corium delivery ta LP blocked channel reopening Za} A
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« HIA ZXHIO| PIRT MY 2

Failure Modes(1)

Failure Modes (2)

Major Phenomena involved

level

(ERHEY =t 5%)
(ZEELEEEEY)

{
{

HEg/RS/E7ERY)
sH=/Ees/lnE)

SAMG si
Jmitigtion actions
(scton/Sm/EaH)

g
{sction/Law/needs)
(225249

Related issues
(f= X7 Hyax)y
SEe/aNE/LE)

related

related

in containment integrity |
289

in FP behavior
B

Issue description
(Fat e, Boud 2y £ £7)
o3 2M EAF U8 me

Loz of
RPV integrity

Loss of care integrity

core hestup

clsdding oxidstonameling

channel blockage
& mokten pool formstion

corium defvery to LP

hest loss to surroundings

lezs hest transfer to coolant
decay hest ditributon

steam flow (rich/starvation)
svslable clsdding mass
excess hest for melting
hydrogen generation

fuel relocation
refreezing

flow area reducton

blocked channel reopening
corium flow to core support plate
core support plate falure

lateral heat loss (shroud/RPV wall)
upper/lower heat loss (upper/lower HE)

g0 22/2E)

depressurization ZA &
H#=4Z=2 7t
DCH 7] 2%

i ESs gEE A O

TEY ETHEE 54 B2

FLE IR HyE T 0 B2 (BY 2& DR

=258 b5t e invese inecfons] B =

=4)

natural circulaton within APV

reflooding issue Of| CfE L8 S
0§7] == SAMG action EEH 7)

#1H

cdstion by st
cradation for high burnup fuel

spatial growth of motten pool in core?

corium pool falure modes

LEE]
refooding {core) depressurzation/saMG
achon
Toss of lower head __[lower plenum water behawior |water invenirory (water level
intearty corium defvery condition
hest transfer from cors to lower plenum coolant
convecton
radistion
lower head heatup corium pool configurafion YA e B
2 layer] maten pool formation?
3 layer
corium pool coolsbifty characteristics of corium arrival in lower hed
water ingression debris bed behavior (coolable or not?)
natural circulation inside pool
hest transfer from corium pocl to lower hesd
decay hest
poal hest transfer correlstion pool hest transfer to the wal
heat loss to ex-veszel (ERVC)
lowsr head failure global filure {creep)
pensiration failure <fect of penetartion falure
focusing efect (local)
HEE
quenching fowsr plenum)
HPME depreszurzston
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HOM FA (2

= 7‘}‘ 2. Loss of lower/upper head Ltegrity <o 238 Loss of BCS boundary
1. Temperatureland/or pressure) induced RCS boundary failure -

1 lowrer plenum water bebavior o

W13 A
ST BRI -1 RS E—————

1) Phenomena description o [1) PhENOMETA GBSCTIDHON oot
Z) Belated phenomena in containment integrity - {2) Related phenomena in containment integrity -
3) Belated phenomena in FP behavior e (3) Related phenomena in FP behawior -

(
()
(3)
2% el 20 D% AE (overview) — | (4) SIENHICAICE ON 15UR - vronwroe oo 1) Significance on isgue «w
(

M18 early phase ~ 5) SAMG action e {E) Fegulatory aspects{Bule maling) - oo

5) Hegulatory aspects(Hule making) L}, Location-wise failure (S/G, surge line, hot lag) e

F. core hea'tup and UILGOWELT, oo

. cladding oxidation and melting -~ (0 ")
23 late phase - 2 Initial failure evente -
. channel blockage and melten pool formation o T}, lower head faflure - It ISLOCA and S/ tubes fadlure oo

E. corium relecation to lewer nodes and lower plenurm - F1] LR oo (1) Phenomena desorition -« e e
A8 RENV/RCS boundary failupe - 2 AMYUA Y quenching - (2) Related phencomena in containment integrity o
(1) () - 3) Related phenomena in FP behawior o

E. BCS boundary failure due to natural circulation -l [4) SIZNIFICAncE O ISR - rr e oo e
L Y A TTIII () DA BCHOTL v rereoserers s eos o st o s e

Hl37 ol al | FL TURY oorroeeo e {E) Begulatory aspects(Bule making) s

BI1 Loss of BBV inbemrity ~mrmrrmerrmemememereeeenee B, upper Ead Bailure - oo . P.Qﬂ'sgf.; ajz:)pipes BIBaIS

. lower head corium cooling and lower head failure -

. Loss of core Inbegritsr - ELY IRD oo

(1) Phenomena description -] A7 Loss of SFF cooling -

(2) Related phenomena in confainment imtesrity - 3, Recovery actiong a1 Natural bodloft by decay Reat -
{3) Related phenomena in FP behavior - 7} depressurization « - 20 FApid loss of water inventory by natural disaster -

(4] Significance on igsue e {1} Phencmena description -

. FNAE TF BEQF oo
(5) SAMG sction 2) Related phenomena in confainment integrity - 1 AAHZT 28
=

(B) Fegulatory aspects(Fule making) - (

Lt cladding exidation and melting e {
(

(

= =

)

3) Belated phenomena in FP behawior - 25
)
)

A5 WM DB B 71E BE A FY o
1 early phase

T}, channel blockage and molten pool formation - B SAMG aCHOm e e

2} coriumn delivery to lower DLEIIUITL - e s

O}, heat 1oss to SUTLOUTIES oo (1) ”(E]

7]
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heading =7} (regulatory significance, SAMG action,
knowledge level &)
- Y E1} source term HHU M AIFLE 7= = ALK
heading 7} (related phenomena in containment & source

term §)

s 574 SHO0| HE9}V| st 7|2 BE 5

i
. ;"A“'\ Korea Atomic Energy Research Institute Severe Accident & PHWR Safety Research Division




<
: ;"A““\ Korea Atomic Energy Research Institute Severe Accident & PHWR Safety Research Division



