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4) EU COUNCIL DIRECTIVE 2009/71/EURATOM of 25 June 2009 establishing a Community framework for the nuclear safety
of nuclear installations.

5) EU COUNCIL DIRECTIVE 2014/87/EURATOM of 8 July 2014 amending Directive 2009/71/Euratom establishing a Community
framework for the nuclear safety of nuclear installations.

6) INFCIR/872 (18 Feb. 2015), Vienna Declaration on Nuclear Safety.

7) COMMISSION DELEGATED REGULATION (EU) of 9.3.2022, amending Delegated Regulation (EU) 2021/2139 as regards
economic activities in certain energy sectors and Delegated Regulation (EU) 2021/2178 as regards specific public
disclosures for those economic activities.
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19 A.3.1.1-2 Experiments/accidents used for validation of MELCOR
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Lower Plenum Energy Transfer Diagram
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252 JRE 885 29 ATl (Melt Penetration Distance)E H71&o =z <& 4 ¢
ot =9 #EuFE wjEo] dAEo] d1FE HP, 2o F A FHANA wjFe] J=
o i

- A5 ujF EZ=(Penetration Tube Ejection)
|
Weld |
N i

1" A31.2-17 A2 87] sHHslE dsud B AFdH 9

NGE AFEe AAEEY] Ao nYH] Yk wu AZY] BEWBo] F
QAR Q% wle] 97 @ AAH sFel ols) BEMD AAT w92 BEHE 9
& meojth BEHTE BE SO AR o) nAH o} glom, §§ EE 7]
AR ARY 4 SO §ARIL ED A B =98 BEHDA e HF o



b 9A287] <& (Reactor Vessel Failure)

i
-

B AR S ST MARYE W, e wHEL I LaF
A% 59 AAA sFel wet shnds we) AUy

%Z
Zol 917 2 SRHE 9w A 24 Sl we e 2

-

i

m

- stFsl= A 9 (Lower Head Global Rupture)
o] =AE-o] ke dAZHoZ AujAE o]F WASE FHI =9 Y
W] 119 datgd Wt ol o3 71AA stsol 7teld of stRe= 7AW

o] WAt AAALE s HE Brolth o nHEE 8 WY 89 4,

- stE-3|= =5 3= (Lower Head Local Rupture)

e o 44 B 7IAA skso] shieEe] wRHoR Tl Adde

AE F=(et Impingement)ol] 2|3+ & @ v
of AES FeE Aujx=E w sHFEN= W F=3t

9‘&‘
e
o
[
o> N
o 1&
L
<l
b
0z
(e
i)
ox
ol)
b
=2
o &8 r

=g 4 fjn) ¥ AAD<4(CHF : Critical Heat Flux)e] =7]
wlo] 71 AA AAA

- 111 -



@ A5z

=

b o= B 2g4d=

7l Rl 1 ASolE LHF 5o Age 53 Ie= d4bo] 2 2zl Wolu}, 1
e 79t ZAE 94 Hote AudE AL B A Heg oo g
9 Zget Ba) 9o W5l e A

2
to
“
B
I
N
2
o
2
M
ot
(LA
o,
o
I
£

b Fhs) A7 5

- U I+
U o] slEI= & FAH AF=E AFujFdo] A= 7Y E HFE<Q APR1400
dHe =A8GE = JF(In-Vessel Melt Retention) A& 7} AF o8z AS 2

[¢]
ojgtt. IdmAH | ENAM= Aad 3437 =AEsE =W AF A A A

$18ke] MAAP5 ZE= 3|4(KEPCO E&C, 20145 <33ttt I=dAH AT o=
APR1400 €49 =WAIZ7] #Fade] s AW A6 M. Ahn et al, 20200 2 Yyt

o

Ao A& 7t Z= A AFJ. Jung et al., 202DE F3P3tH 2™, CINEMA Z=
2 olasiqith. Aol FFAAYRA/EUANNE SHHA X287
dRse] AgA wE W BER e G AA FES BEZ JE 2D 4F, 37

29 A= 9 /A dF+7F 18 =K. H Lim et al, 2021)o]t}.

- =9 AT

SR g AW AFE 19909 ZEE TMI-2 Yol thdk VIP  (Vessel
Investigation Project) (J. R. Wolf et al., 1994) 7ol RE AlZ=EJcty & 4= Aot o]
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() 5] A5+ 53 [NUREG/CR-6995, NUREG-1781]

USNRC B! EPRI &2 a8 FoiAtal Al dA2WA4A4A S W 719 Ad <& I

S moJ3tr] 913k Westinghouse & €del 1/7 2AY A4S s g g

2s FAZ 39k SFes AMESIR A, Th] bR, 231 & GAA, AAZYAAAE
o] 4 g Holde =, 181 ﬂx}i%ﬂ A B A AF3E AN T
weolstsitt [EPRI-TR-102815]. A& ¢ A4 &2 &+ A33.2-13% o,

A A, 1Y 2A AA e B2 A8 A £3F o] YEgeH
H S5 Z]Al o8] AA =3 ddol AMEHA geol FAFHUT =3 IAF9 <t
B o] ZFoly FI|EAY] 23 F& T AAIL o|FAAE Afdde AdA £=F
Aol dojur = Aoz IRIFHAL T3 APS 53y 1L IV e AL F
717 BEE 7RV A#E s 2 25, 12#dA 52 A3V 5, 1%
NA T2 ALS79 25, A2HANAY F&, Aeds, S71TA7 AT SdEHA
A Ao 7] EFE ol TEHAG

USNRCE= 2 3de E02 Westinghouse 1/7 =AY CFD A4k, 2A 44 2AAd of
gk CFD A4t 2 CE & ¥ tig CFD A4te 2= —’F‘EYS}%{EP.

A Westinghouse 1/7 =AY AF o]%, USNRC= L A3E Edi®= CFD Al4hs
TPt o] ALY FH 53 AT AT FddelAe] 57 £F A4 =

= Aot} 717 AT ZddddAe TV £F Axs SU1EA7] 4 Sl
e Wwon, HFHor ZFVHAY] AT TEiAe €54 AR F FFS v
t} [EPRI-TR-102815]. =3+ NRCE Westinghouse 1/7 =AY A& tdk CFD 382 7
As v o®E HA 2ADoAe] CFD A4k 2 CE & - gk CFD A4bs 33t
Aok =S AA =AY CFD A4r A¥ 4o I8 1S5S SCDAP/RELAPS 9
AL Alqbel 88tk [INUREG-1788].
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¥ A.3.3.2-1 Westinghouse 1/7 =AY A& F2 W& [EPRI-TR-102815]

Westinghouse 1/7th scale experiment
R - 1/7 scale YAE mde] A (10471 ANE AA =3
=Rl ’ 1%% 27H
T -5 oY 71847 (2 21570 Al #, Indian point 1T type)
249 =g
P =g 34 | A, 717 AE, AWl fA, B4 5 Edde 8%
F BE e JRI7E 7leH] s
08 A a8 2704 EE H 2% WSl fE Ux Wit SR
ot A Scaling &35 & WgE = 3= SF & A9
- AD =3 FFAAY fF5 Y, 5, AFFE T AR g5
Ay 52 71847 4+ FBg SolAMe £F |4 <
Fely AF, T4 G S a3E Fe
- Ag@L =A (1) steady cooling, (2) transient heating 2= 1},
-AY DollME F2 QAR FRe S7ITA7IAAM e B4 a3 2 Y4 7
Tl Mg AA &3 Ao 2 S gtEo] AFE
- AE QF AWB A, F42 A4 59 FxaHdd ©E flow pattern ¥
slo 23 < BH&
-AY 29 4 AAPL He 7t2=E AR FHol didste 2 A FYs)
= Aoz nog
49 e A D H @ 10 7HAe AR dYdow yHAm 4 AY delEe Al
S5 A=
- A 21 SFs 729 ¥ s HIATIAY B LS Boste Ad7]9
£9g zdstuA npE.
- AR QAR 2ALG] AR el A o] FE =72 2200-2400 psia A Eo|
w, 17 2AYE A= 200-500 psia A=o] 4 =S HE3
- B9E FEe oF 10~35 kW A=2 A &3
CEFVIEAT] 22 & 2L EES 25 2HE BINA WHAFE FFEE
AL Tl =23
AF7I7F BEe Alde] A 75
ALZ717F B2+ A#e] A 141
MBI A 1237 2= (C) 159.3
37 = <
N9 A Ao A e 2257 &5 (C) 86.8
AzH A 12T &5 (C) 100.8
Aol AT 2% (C) 64.7
Al = 8k& 2.01
/A7) AT EEd S S/ BE 0.85

A AYATE e = CFDEE 9 ALt W ES 7HAdste] Westinghouse & =

7192 71(Model 44) 2 CE 3
ZYd &£ ddsS

T

Z714A 71 (Model 500 tdte] A <3 2 =707
molstt At AdE A" = A4kl AMSEA
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[Y.Liao, K.Vierow. (2005)]. CFD &4 o2 FE dojzl 9 AL A3= % A3.3.2-29 &
.

# A3.3.2-2. Westinghouse & 2 CE 3 Z7]'2A7]q] th3t F& CFD 34 A3}
[NUREG—1922]

Parameter Avera\%%sfégg}l]glgg%%—m% Predicted range CE SG
Cq, discharge coefficient 0.12 0.13-0.14
f, mixing fraction 0.96 0.65-0.85
1, recirculation ratio 2.4 1.05-1.20
hot tube fraction 41% 20-25%
Ty, normalized (hottest tube) 0.43 0.9-0.99

N

U AFILE 9. (201514 APR1400¢] t™isted ¢ = HolEHE Fx3dd
MELCOR B4 2de sualgy, o] ulgoz APRI400 =& tldt Q53 =7]ukay
7] Al#ste Abae] ik on] Aol FEHAT 1R AL A9E SBO + HYIT SR
ZF5FEE 27 AR ALY, A= MELCOR 1.86 ZT5& A831% o %zl
ARE 1HT 71719 A Z AFS B4 AT HE A4te] FHIYT 74

H

3}, 2o A48 Ao thate] Alloy600RTH Alloy690 ATl Zx= Aol A =7
e, S 7] M3 Aol 40 % vIRkRl A9 A SU1EA7] M3ade] -
H7t A gt Ao tekk

=

of F7} A= Alloy6003} Alloy690e] IHE|o|HE AEAsty IH =g
A 7 2=A

| /‘P
PSRl 9o, EPRIGNA +3¥ Westinghouse 1 S

=

102
do rlr o oo

, ZF WA 27| Al v]e] ok Add4ed B8 CFD 2 A

- kst
E}. o] At 202330 witE oI, A AHANA BEE
e

O ARE F/AY] FF DYALL AAZIAAAE FFAF FUAES A5
AA QAZIAAAFE 2710 BYA Ak Bk
[e)

%x}i%ﬂﬂﬁliﬂw AT Re FHL Zoly] ga, ARUAAAE
SEAE  AWAEL ABAA  GA=IAAAAEe]  ddbde  FE@
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SRV(Safety Relief Valve) 245348 o]3dt=E ZHAA|7]aL
- RFIAFOIY 2 HE TS ASAA dAZEY] WE 4TS FUsH,
- Aol dEd SRV WAFE FASY R E FAHE I
5o &S&
@ 7It7] EE#y ado] gid Afoe HAFYAFTeIY &
TANA AAEL7] WE Y455 T T L Atnde 2XE ST

o,

(th A2 ZzE ndy J3)

USNRC= A A2 RCS A mh=of tste] 5 AT E AFESHA] &2
om, A48 CFD A43Z =9 MELCOR % SCDAP/RELAP5 ZHAtmEE AF&3¢th.  KINS
o = A8 CFD 4tz =< FLUENT®} MELCOR2.1 AAtZ =& A83t1 ¢th

L_/_]*lol-

ki

Leeke] A o FAY) AW, 7MY VPR P meB HE MAYZL
Zhqtol o FolA A ke TMLB' ¥ & QM Audeleds @ olrolu Az
248 Bo Agow B Aot dPEA 2= Lo BRI,

VgAY A, E St AMAE SR YT 5 Yo AYAEL 99
g YA Bl ofsglol FHF O] &9) WA Yol 7] u
of BEo] Wt} FHAE WS Rk ZHIAE FL POz B

Al

(4) dA=L7] AAAL A

QA2 §7] AW BHAA DU W, S PRo] Vehbx got gt
Azt ARE o, GAZYAAAS A shegel me Ad2GA AGATE WY

Hol MNPYHER AAZZ7] HEAFH] Rt o) = e ol Uth

G dAzAE A1 A4 34

A7) AT, Q) dEE D e hE 5o HES 13 AE uleld D4
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31 AHEFZAS A= (SFP) ¥d 44
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.
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H
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A= SFP AE FHA
SFPHE AAAEES H¥
SRR = ‘Q"g?——_} T= 9
ZA15t2 2 SFP A

o
)
N
off
o
i

ARIL Al A &H o= At Fr)eF 7 V)
(burn/detonation/deflagration) S 33 24
A& AFANAY FohAaL a3 o] SFPo
Eo] A% therdlt =7]9 WE7 Z(openings)7t
(leak)-& 7}%?31‘/} Ny H<E 7heAd S 3aetit

ﬂl?l'

4 o

vo JE
ox
of»
:\_l‘
re
X

_\1
rE>
E‘E‘ lo
cn_EL
(@)
|
v

¢

rulo
of
o
-r
it

6 FEIBHE 75 dd BF

BAY 5 o), SFP 53¢

53
Q8d Y=o WHe FW5a SFPU vl A4 @wm =23t

o=
>
o
i
oz
}%
5
o
()]
2
N
N
o
o
o
2
rr
Z i
i
N
o
_>|J_|‘
o
N
N
2o
T
]1‘.
2
g2
K
2
>

o] SFP =2 7% thFdt 2719 | %%‘E(openings)ﬂ ZAst2 2 SFP A& w=7

U rAARE 5@ 989 A4 BE UAUSE Fa B 2 5 A

U SFP W¥ZbA) ZFd At

£l

QL F8 @4

SFP WZtse] RBRE &
Accidents)= A2 59 AAAE, A= dAAds AAA JJr o 5] of7]=

T Ade AF
71711F+x=2] 3Hdropped loads), &&7] F&E°lY 7l HEZ2E 34 2 ofo|H
AP 2 of7|E& SFP FE2EY B e 58 SFP £z dZ2% )

r 2
%)
AL P
_E

o
Abo] Z(siphon) A E &4 5 thokdt
o}

271 Az
whel thebd SFP WA AR TH gl A4ES olmste dv WA ATt
WASE AT ALH YA BF ool WUE Anes Fuol gAl Ak,
WAL SFP MASH FARS 0 9Xe] mhe ol 9 & Yot B aFE ¢
Mol A% 4 AL W% Ao WA A 12 Ak AE AR SEP A5¢ Ax
A ohE WAA 97t BAY o FAHEL AARND AT FR F4
3 SFP WZAAGHALE E O Z@clA 474d A%E 24F & Uk dF 9,



o
=

=
|

—L
L

al

g

tel SFP gH-=e] 2=t

°

|

Q.Y

o
2 ol9le] W ST B

1

T

29z
G W7 &7} WA

I SFPU= 4

ols

Im A=7HA] FHaskA =

@A WHEa o2

i
e

<

]

@ A

Akar(Complete Loss of Coolant Accident)<}

Ak

4

(Partial Loss of Coolant Accident)®] 7% A=A A

SFP

g HEs 59

ol

Anst AN BastA 0w o)}

ol
=

0

Nfo
wK
e

0
_Jm,_

I Aoz Ho

O

PRI H]

7%

Z

3 A

Anse 277t AFHE AL

KH
o

=
W

(4) SFP d= Ax4

qr

— 145 -

1= SFP YZ7] s

°

Al 2]



(6) SFP Z=tjAlx a4 =8 Z(PIRT)

L
2,
>
Q.
zjl
ot
jas}
=3
o
M
o

, SFP FthAtaL A S Awists B2 ddEo] 9ot
T B ol = o7 A4l dsies @A ANFEoE uFr] o

EAAS WEzsta gtk old wEt 8 @4 9 Atel dsiAe A FEY Al
Bo| o]Zo] SFP ALmAT] HNE FQE FES vjobd Best Q= Aotk A
71 &8s wkgste] & OECD/NEA/CSNI  WGAMA(Working Group on  Accident
Management & Analysis)olA= HE&7F 2 FE SFP FiAlL &40 875+ 3170
o] #AAS MAEI oo thi 2 =(PIRT: Phenomena Identification & Ranking Table)
£ H7Fsk vl Jde=d, & A33.1-12 PIRT #H7F 23, & A3.3.1-2 ~ 3.3.1-4= PIRT9

AR AR FRE D ANFE HE9 Y AYDEE 247 49sa ok

# A33.1-1 Atar Alyeg] 28 SFP &/ tigk %= (PIRT) H7t A=

Seenarn Importance ranking State of knowledge
# Availability of data Availability of models

Phenomena by category L|u||+| IL N|s|ﬁ[ Kz uls[AI KM
1. Thermal-hydraulics _
Wt - o . 5U IBERED 12151 0.750 1[5 ([13 1816

e 2 |40 oMt [3[3|m| om9 |2]3|12] o7
Nudleats baii RG] ) 5U 3|78 0639 11418 0833 D513 0861

SR 2 m (N |42 0B [2]|2|12| 081 |13 12| opd
Single and two-phase natural convection within the pool at lange scale, sy 119]8 O 7 | 6| 6 G474 1112] 8 0632
including formation of thermal plumes due to heterogeneous water 13 =
heating as a conseguencs of the spent fusl arangsment o 2|3 01 M ERE 0469 21%|5 .54
) . . ! 5U 51122 041 J|5|10 06%4 D] 3|15 0817
Heat lozses to the poal structure. Includes walls and floor. 14 = %1210 06 NERE 053 REREN 9%
MNon-uniform natural circulation cooling flow distrbution 5 sU 21710 03?1 HERE! | 11285 3I[n)3 0500
between fuel assemblies ’ =i} 50713 032 88| 0 [0S0 4193 0483
Flow instabilties within the spent FAs at low liquid kel " su [ T[T 3] 03 |12]3 )0 [ F0A00N 59 1] 0%
Inclisdes flow reversal and flow excursions. - =N 12131 0.156 2|0 00 661 0308

o ; ‘ ; U 0|44 0333 9153 [ 4186 |7 01588
Impact of siphoninglleakage on natural flow convection 17 o R S| RERE 033 AR 055
Bubbls swarm nize and level swell su 1[12)5 061 2|15 0588 0|5)8 0735
Includes bubkle dynamics within the pool, condensation. L& m 12131 2 0206 R 0571 11718 1679
Impiact of cold water injection on the effisiancy of natural 9 U 8|74 D44 51613 0429 | 2| 131 0469
circulaton cooling. - =} m{5]1 0213 5163 042 21121 467
Wiater superheating recuting from its rize within the pool, 0 su_ |8 |7 [2| 0% |7 |2 |4 035 |2)8|4] 057
from high to low hydrostatic pressure regions. 110 =5 wit1|0 0.033 B |24 0417 36| 4 1538
Nucleaton of superheated water onte unheated pool 1 U LNESR 0.183 5062 0.385 2@ 0458
structures. Heterogeneous nucleation. 3 =5 w00 0000 6|52 0345 11al1 0417
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Scenann Impaortance ranking State of knowledge
# Availability of data Availability of models
Phenomena by category L|m|H IL N|S|A| KI |[N|S|A| KM
Nucieaton of superheated watsr onto free non-condenzable bubbles. sU 13130 003 662 0.357 T2 0538
Heterogensous nucleation 112 /0 |60 0| 000 |6 |6 |1 [MN0SEN 2|0 1| 048
Mucteation of superheated water onto flowing solid partices. " U 1330 0.084 T3 |2 | 219%)12 0500
Heterogeneous nicieation. 113 FO w00 0.000 T15 |1 0.268 3l |1 0417
Bulk nucleation of superheated water. 114 su 762 0333 512|717 0571 1 51T 03
Homogeneous nudeation. ¥ D 12130 0100 31268 0538 215 |5 0625
Mult-dimensional interaction of different temperature zones within te 115 SU 1.8 T BT 5 (1|0 0344 211212 0500
paool : =] 12141 0176 511000 0333 2|12 0500
5U 6|66 0500 B l5]3 0344 11986 0856
et X concreede T o) 118 /| B3| 1| 0W |7 |5 |2 |M0@ul 2|84 050
2. Hydrogen issues
Hydrogen production by radiolysiz and radiation-nduced 17 3U wit]2 0147 3155 0577 277 0E56
electrolysis g D Hi1]1 0.094 L13]5 0542 315 |7 0ex
Degassing of hydrogen from the pool, as a result of gas solubilty 8 3u 1|3 0167 3|5|6 0.607 2185 0600
decrease with increasing waler Emperaiue, L O 1211 0.107 4316 0517 3|74 01536
3. Radioactivity release issues
—— . » 3 T 174 0417 26| 5 D615 11815 0643
Radionuclide releases from leaking fue! rods info the pool. REl s TITRE e ARE 065 AR 065
5 9152 0281 50413 0417 3163 0500
ionuchs Y LD mto o m SU
Radionuchide releases from eroded CRUD into the paool 120 - TR T S ERE 135 11573 T
Trfium producion from newtron capture processes, . suU gjvjao 0233 426 0583 2|46 0.667
€. neutron capture by boric acid. 12 D wW|4|0 0143 530215 0:500 J (45 (583
Pool scrubbing. Includes capture from pool on bubbles, » su T4 6| 041 |1 103 | 051 |19 |4 0807
and capture from bubbles by pool. L =8 2)1]3 0219 2192 0500 2183 0538
Radioactive aerosol formation due to bubble breakup 3 5U 5057 & 0.500 4713 0464 3|83 0500
processes at the free curface. s FD mi3a|z2 023 51602 0.385 4172 0423
Scanatio Importance ranking State of knowledge
# Availability of data Availability of models
Phenomena by category L M|H IL N|S|A| K" |N|S|A| XM
Gaseous radionuchide releases by change of solubiity when water ] I3 .382 3|73 0500 3[6]5 0571
temperature increases. Includes tnium (HT). 124 D 121311 .15 416 |2 D417 45| 4 0.500
—_— . ~ 50 F16 |3 0375 4 |4 ]5 0538 J[5|6 0607
Tritisted steam (HTO) releases by water evaparation. |25 = TR e 5 5|4 D264 1505 5%
4. Pool concrete and liner effects
Pool concrete deterioration and cracking by pood 1% su 91414 0.353 T 1216 467 45|86 0567
femperature rie. ] FD 21313 0.250 71217 0500 5417 0.563
Pool Iner detenoration and cracking by pool L7 50 T 1414 1400 T 1213 033 41513 0458
temperature rise. ) FD 10 5 0344 7124 0385 5144 0482
Leakage due to pool concrete and liner deterioration 128 su 4|7 |6 1.559 71313 0346 5[5]5 0.500
and cracking by pool temperature rise. : o (o4 4] 033 [7[3[4] 039 [6[4[6] 0500
5. Criticality issues
Loss of subcriticality by boric acid dilution with fresh 199 SU 71713 0.382 21519 0719 113[12 0544
wizter supply. & FD T = 0382 21518 0719 11 5[10 0.781
Lass of subenticality by decrease n water density 130 50 b 0 165 - 0324 116189 ] 0|4 ]12 0875
(£ o esipmcohue e el P [1]3]2] om0 [2[5/9] 079 |06 |10] 0883
Loss of subenticality by an increase in coolant void i3 su 61249 1588 3| T |6 0534 1169 0.750
fraction wihin the spent fusl ascemiblies. = o (9 f4f4] 03 [3|a|7] o085 [1[7[8]| 0719
[%31] FD: Fast Damage AFaAIYE]Q; SU: Slow Uncovery AFILAIUE 90 XA 4=3 (KLP for data and
KLY for models); IL: T840 $8% 3 KL TFAA A25E Adddd digt $8% ¢35 L/M/H:
Lowe/Medium/High; 7|E & Aol thdk x4 4=5/2d3 4= N/S/A: None /Some/Adequate.
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Cutset Prob/Freq Contribution Basic Event Description
1 5.76E-12 3.1%
2.80€-4 |IE-CVCS—-ALOCA-COC ICVCS LOCA Charging Line Outside Containment
1.00E+0 ICFDS—-HFE-0001C-FOP-N |OPERATOR FAILS TO INITIATE CFDS INJECTION
5.14E-5 CVCS5-HOV-3CC22-FTC-S ICCF OF 2 OF 2 CNTS CVCS DISCHARGE LINE CONTAINMENT ISCLATION VALVES FAIL
ITO CLOSE
1.00E-1 CVCS—PIP-0001X-BRK-N CVCS LOCA DOES NOT INITIATE EXCESS FLOW CHECK VALVE
4.00E-3 HEPO1 HUMAN ERROR PROBABILITY FOR FIRST HFE IN CUTSET
1.00E+0 LRCDSPLIT CORE DAMAGE MAPPED TO RELEASE
2 1.73E-12 9.9%
280E-4 IE-CVCS—-ALOCA-COC ICVCS LOCA Charging Line Outside Containment
1.20E-3 ICFDS—-HOV-0021X-FTO-N HOV 0021 X CNTS CFDS CONTAINMENT ISOLATION VALVE FAILS TO OPEN
5.14E-5 ICVCS—-HOV-3CC22-FTC-S ICCF OF 2 OF 2 CNTS CVCS DISCHARGE LINE CONTAINMENT ISOLATION VALVES FAIL
ITOCLOSE
1.00E-1 CVC5—PIP-0001X-BRK-N ICVCS LOCA DOES NOT INITIATE EXCESS FLOW CHECK VALVE
1.00E+0 LRCDSPLIT CORE DAMAGE MAPPED TO RELEASE
3 1.73E-12 9.9%
280E-4 JIE-CVCS—-ALOCA-COC CVICS LOCA Charging Line Outside Containment
1.20E-3 !CFDS—HOV-DO!ZK-FTD—N HOV 0022X CNTS CFDS CONTAINMENT ISOLATION VALVE FAILS TO OPEN
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. MAAP

Ha A¥7)|EAFAEPRD &7 FhAL T Z =] MAAP(Modular Accident
Analysis Program) Z=+= FiARRL ZHke] tidt Fe2q dAE L dkes ST
T e ZEIFPOEM ARRA B A A AAHo= 7}” g AREH A
AT A FEoth MAAP ZEE X
Aol FUAAL N ol BT M‘% T3 e AA 99

bt BAC Az A9 A5E Wed PAYEAY AFS HNT 5 Yok,

l_.
;(_)l
rr
18 ofx
=

A o] g Awuw TM-2 AL o] ¥ EPRI 3 319] IDCOR HAle] Y2 A
AdAse] FUATA BT 5 e AN A4S DAY 5 U f8F =7 )
Woleh abglzle] aFel ofs) AWEUTE 1990T] Fibol WIEE MAAPA ZLEo]A

ot R
>
£
4oyg
ol e
%
iy
= r_|_,
=

>
©
i
>
:?L_',

>

AZ87] sEE Ax Fx AR, dAEAFS B9 A4R 2dE, O
q QA Al F(Engineered Safety Features, ESF)¢] Zdl&o] 7JAEqoH, 1
wao] Hggst Ande 5Pt AE e oY 53 AR

EE T stk oo 2008 2013\ 1ejar 2014\del 22 W 5.01

N
rJ
Lo
ol

7 5.02, 5.03°] FRHULH o5 Fal =AH} dAAE, dAREY] R == A
A, AAZAE d7gad 2, BAEERD BE A, 289H AHEA JIEFH o2, ALS
FARAFZZE AL A 71, dF=F ZoPHA A Bd, e JFESuTLAAAE
71(PAR) &2 ¥k, HAl MCCl 48 A#E Rigd =4885 W4 =4 F7 534
2 ZAHQA A Fol ol FojHt =3 2016\ 8o YAZ L7 SRUETE A )
g =ALFEY 2L Rx T3} MCCI %7]9 bulk cooling @4 o mdo] 3
7FE 5.04 WAool LHEEUTE o]x ¥ MAAP Z=E A AA F8 9A AgAEe] A%
Al F7F Ae M 8o disl A5 ola A&7 t-go] o] FAX I Y= AHel U
th 2022 1€ 71¥, HAWMAL 5.060H, =3 SMR(Small Modular Reactor) 73 &
A B2A7HA] E23sa Aok
Il = Ay 3, 457]5 H|E3F APR1400 =83} UAES] Barakha 944 &

3 LA A9 AF I S = MAAP ZE=& TUlAL TS 9% 7P 7124 o)

T AEE =TEA 200d T AHSHo] gtor, 20159 fAHY APl met &
B8 = ThedAErRAdY AR ARA T #dd Tl S
MAAP ZEE F A =TE ALY 319 AEl 25 AP600, AP1000, APWR, EPR =
F 5 R AT A2 Ao Ads AA, st J5 @AM 7P 8.3t
T 7)1 BAQ sA EFEA AFEH I YT
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o). ASTEC

ASTEC(Accident Source Term Evaluation Code) X4t =+ &2 IRSN(nstitute de
Radioprotection et de Surete Nucleaire)®} 5% GRS (Gesellschaft fur Anlagen und
Reaktorsicherheit)”} 5o 2 71 YAPWR/BWR/VVER/CANDU Type) % At A4
A mold 4 e ZE=RZ EEA ASTECES 7| 57153 9 AGHdE Fx44d
AP 7HE A7 PSA Level 2014 875 & dF S AYS AY EE FTUiAL
&< 71784 (mechanistic) W o2 RAFSEIL Qlal, FAToA AREEE 4 W) o
olE AAAAS Object-oriented W] o2 A &stx At 18 B.2.3& ASTEC 2.0 F&
4 REH} ZeTx G ALAAS BoF o

™

r |

" | ASTEC V2 CONSTITUTIVE MODULES |
*\_ B o TR T S L S
‘ CFA B
L ﬂ-wﬂud-lh% |uur-|| Ty syalen | -

::rm T_.“':‘v-'

| Mﬁ_m n

- = R

| i Frdame |

¥

i
a4

DY W AMIC ﬁt

Cofum el |
. 7

EE COUPLED mode for explicht fesdback s

STAND-2LONE mode Tor moduls
walload on

ASTECY] F8 A& #oke= WAL 24 A7, 294 FE&82 AL H7E S

Abade] AT, FUiAaL A Aol Wi A ol 8 At RES v 2t

- CESAR ®&: 13 9 23 A5 449 AsS 2o

- ICARE E&: =A&EdAAH S 29T

- ELSA =&: &49 w407 : S 3}

- SOPHAEROS E&: AAZWZAANA NN AGHE7IA A2 APBE oA S
o3t

- RUPUICUV E&: A28 7] et 3& & AGAdE A7 A4S 2o
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- MEDICIS 2&: dAZFF Folde &5 ZAYESS] vhg A4S 293

- CPA 25 A EoA @59 As 2 o2& AsS 2T

- COVI BE: AgdE WolA F4A4E 29T

- IODE ®&: A3 E Yol A lodinee] 8% A& 2ol

- DOSE E&: AgdE 7IAEd ud d=ZFEDose rate) =23

- ISODOP = &: A Ed A Eo|} otEtbo] E(Actinide) S U4 BHHAHLS 1o
Sl

- SYSINT ®2&: FetAbddn] RojE =95

2}. SAMPSON

SAMPSON #E+= dEo|A 1990dthol] & IMPACT Projectoll A 7Wdd &
A FEo|tl(L EAAHES], 2013). FA () A EA 717 7-(NUPEC)= 44t
4 (FADEY HEs wol dEoA H&3 Holle Aoz HdLE ez 44 &4

2 ddE Ae Y & 9;1% ASZEY S MEetar, Ao A
o ¢ AFEE AT Ae HFHOE 3 AYS 1993d=9 AFste] 10d37E 18
st A Ed o= IMPACT(ntegrated Modular Plant Analysis and Computing
Hatdom =83 A4S BLSA HARE AAZHJ] 2dS AE-St
&

e aEsty RE FAH0E AAEAY. IMPACT '+ 2= 7id

O

SAMPSON(Severe Accident analysis code with Mechanistic, Parallelized Simulations
Oriented towards Nuclear fields)e 1 IMPACT QA= FAAC XE 711 AF=E
STHARL AlEHOIA AZEolola, B FAGHAA dARE &7] W ARHES AA
At 87 W Aol ol27171Ae] Jde] AL o R Ao BN BAo] 7}

s 1E% QRAA oLErow A% AW AAA, AAe A 27 29
A] al

5
AT AJAE)7} 263t &

SAMPSON-2 1171¢] &4 RE3 AR 2ol we} 74 BEate] A3 AoE

e BA4Al0] RERE FAFHJT EZ, 279 xRl RER F4h EF F

(hyna)¢} 74 A4 As A EE(ddooe] Ut 4 ZE 5 dA=E §7] W €5
| =

s A= RELAPS 2dS Abg3ta, A 47 o 2= of

4

)

1445 2 A7) Ul FP A% sl 4ols NUPECOIA 7e WzAS ) FP 44 &
4 ZE MACRESE 714lste] olga@th 24 Aol ZEACME AR Auzed we
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A 2Eo T4 wix], A3 Ao, FA Aol FH AZF 2F Ao
A 2 FiAbaL @Al Wik Y AAAE dHolHE FxT A
34 (Surry Unit-1 LOCAZ AJZHeE B0 AUy s 71A4)S
(Ujita et al.,, 1999). 71T QA= FHZAFE A ALESt= A2 HJYA T
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2011 SFAup ARAAGL o] F YR AXHES| oA NAHEE “FHAIL BIF AFA
993 ofgol SAMPSON-SWG(sub-working group)e] x| o], ZFA|u} Alatola &
ot A4s AEHNHOE At S5 tE #HHAST 2do| MANTe] WY E
o]9lth. OECD/NEAONA Rz SFAvpAln B4 WX vl (BSAF) A% TAEZ}
SAMPSONS AR&3tal 7hatal dth JAECA] AAE FFA|np tho]o]X] 1-357]9] AfaL
=24 Ayt @z Elo] gla(Naitoh, 2015, Naitoh et al, 2015, Morita et al., 2015;
Takahashi et al., 2015), ¥AZE&7IW =4 &4l thit 43 dlolgE F=x3 =
7 Z(Prestigiacomo et al.,, 2015, Costa et al., 2015), =% &% HF, 13 2L &§,

MCCIo] 3+ =4 7] A(Hidaka et al, 2015) 5 =2 AZ 2 MAE 3= Qo)

n}. CINEMA

A7 QA £ FAd BRFLA4EE)
T2 EPRIS] MAAPEZE=E
= FAIALS] ISAAC Z =& AME-S)
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2 FA FZE 511*@}7}

A HAE7hEY =8 5

& oAk wﬂ] Abar %Qéﬁ*ﬂ, F= CINEMA(Code for INtegrated severe accident
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Evaluation and MAnagement)7} <+
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Irvessel SIRIUS

Steam Hydrogen
w' liﬂdm‘ Lu‘e -
. 080 g
¢ w,";" ion ! E:_nh on phenomena
d : Ex-wessel
J ‘:) . mmmk‘ ] :
g
xm Relocation T2 B PMEDCH

Fission Product MEC
Corium Behawior in Lower Plenum Behavior Analysis Mettpr Conam (oncrete Yrmaracoon)

1% B.24 CINEMA 7= Fx

CINEMA ZEE wuj, w9 2 SEIWLE AFsH wda o] 374 REo

20173 6€¢, CINEMA Z= 1.0HALY /MEs gssigon, olF 20199 5¢€ R
CINEMA =xo] 15 % ZF3E A% AFAAZE Al ZeEo] 2022¢ 1€ A
CINEMA 2= AAS] e /MAdH ZF3ME S 9577 APEH 9lom, o= 2023

d 4974A] 82 o Folth 20229 1€ @A, CINEMA ZE=E& 2.0 #WEtH o] HAl o
Zolr, 20233 4€7tA 2.0 WA A $5E Zg2 APFH 3 Aok =3, A fE
1 90+ CINEMA =9 7hsdxel thieh StiAta &4 A 35 §lo], ol & T3l
CINEMA =& AHE3 Ad SiAaL 40019 A8 7heA 3 2ddol #sf &dd A
goltt. CINEMA == 2.0 HetHA7A o] 8 A ofefl 3£k 2o
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Sl 2/1MAY) B 9, 9802 AT YAR A7 AF 2, 2803 A
AAZ WA AT WS 59, D504 Wl AR WS 79, 9805 W
ARG E HEA ), 506 Al AGAE A B 4807 Ak AGAE
g Sadle] Fol AABelTh 0% SEALL FUsy]) QAL T Aur) Ba
stor. HAl AAIQlD APR14009] FriAtal thA ARl ES AHEH WA4AAET 55 A
5, dAR d4A A Agdere d4ad] RWST, 942 3& T AT,

Br

Zl:

aAlo] Anl Fol glth 53 AN 8] BERAE 98] VR-ERVC Aestel 2555
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7t &= AA(Gen. DS AEHE= i}xﬂrﬂ ZA(Gen M/MIHANAH = FTHALLS} 22 =
A Ql Atal ZHANME Aol v = FEFS HAs st WAL BA vl WESw

Q3R] YrE HAESEE é:i?ﬁ%}ﬂ 9}1:}. olE YHE AGdHEe AHA F
i

D2 oln F3H-& EUR(European Utility Requirement) 52 %3te] 0|2 wE3}sl1

AT},

TUAIL Z2HAAME AgdEe Ad4E FA37] dalAe H&dr] 54 2
A gld tig FxA AP ol FoiAbaLe o] mE AR Nde
TEHOE AGHdES Tl AAsfoF . PCCS(Passive Containment Cooling System
53 AGdE WA4AS) A%S A9dE Ui AddiRol o3 dxged o) 24
FE U718 259 dES FdaAA AgdEd FEstes stee gAY vk
71502 71E AGAE <A Z(Containment Spray System)- THEE AYS Fo =

& ATl ALARJ] Thee fste] E &7 FdS TRE s Rt

K3 49 =
7IERYES QR A o Bu AVt ARge]l BAHEY. PCCS AlsS &

gt AgdE 7] doE2EE AASY Hddds FAste BAE
Ao AEs FaAo, A9ids 49 7ls 5+ aysiof ¥t PCCSE
Hgst= dR2AQ YA ZE= J2"sH-22 AP-10000] e, BWR ¥4 22 SBWR
(Simplified Boiling Water Reactor)2} ESBWR(Economic Simplified Boiling Water Reactor)
o] PCCSE Adlsta om, o5 dxe A HAF HAGolA PCCSol tigh 43 2 3f
Az A7) ol Fo AT

A" sh-9-2 AP-10009] PCCS= AdAE ¥ ¥ & 33 < 7= =A%
t}. AP-10002 ©]% AddE(Containment Shell and Concrete Shield Building) +%=% 24
HAE Abole] k=9 &y It FV] FEE FAHAA AHEFY VMEE 2" AgdE

(Containment Shel)®] ¥ W& T3t S AATT. d AAI= F7]7}F Shield Building 4
Bol AT R Eoj9kA 3HE 7+ U air bafflee] w2 o2 e oA wEFS Hy
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containment shell HH ] A& AASH Fsdte] G 25 Fal WA Uit o=
2] Shield Building Z¢%-o] PCCWST(Passive Containment Cooling Water Storage Tank)7}
o), &< containment shell 4F ¢]F B H| FAKspraying water) 3o 24 PCCS9
FAA sEs SAANG. tEZ] 7FE Ao g 7] W4 AP o= FZKE KID
9] PASCO #d So] 21om, WGOTHIC, CONTEMPT4, COMMIX &= ©]&3%F AP-10009]
PCCS 717} o] Foix uh St

BWR<2] SWR-10002} ESBWRE] PCCS+= 538 -&=7|(passive condenser)E ©]-83}<
Add= W7o d5 AASE B otk thEH o E SWR-10008 > W27 AddE

ESBWRE & A& W79 S717F FE dFo 2 FdHo AddE o 2 &9 F
BE BHFOEN 5 WAEE WA oltt o5 IFF7] EFYe PCCSOl diaiAe W
A3 A7t FEAeH, EFH o= ESBWRE o &2+ PANDA, PUMA, PANTHER A&
o] flom, SWR-10008 =2+ INKA, PANDA, NOKO 4Adeo] ltt. ABWRY A%+
SWR-1000%4 ®l=2dt A¢-=2 FHY §571€ AH&stm, oo tisf ROSA/LSTF, TIGER
ddo] AT &571%8 PCCSol wieh Hr7F 3 A2 gk A5 4] MELCOR =
EE o]&3l o]Folz FHol vt tir] F HISFVI=e =V Ae A¢ HluA 249
= & dFsy, BlEFIIEY sE7F 2o B2 Aol Holn Ho A A4y

1490 Basttia gedA Ak,

o

Of

2.2. CFVS

AGAE o 3u) 7] A E(Containment Filtered Venting System; CFVS)E= 94 ZFthAba

A AGRE AR QHNE A AYAE YR ARAYAEZE 2R By T

Wrlete AdAge s WA 9% Aot o AulE TM-2 2 A2xd A
T olF fRA2AE, SY, mP~ 2 el A

CEVSE ZF0iAba A SRIAAE, 53 U4 Fele) oozt /A1) aeso
Be AAZE BEAlH, FAAATAT AAAATA Y F FRL U 5 Atk &4

AARA L & =32 (pool scrubbing)e AT HS T e BAL &3 Fol o
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T2 AAA LA1E 7 ds A= CFVS X9 Ad7ts ¢
Atk ol Y FF5E AHA YA2 3, 437 Byl olygt AFE A AAo
SO A AgdE oS g Adnl X)) gl = CFVS7F a1e = o
L z227F P HJh FARE 201509 AAHMIPHAH A wet FyE A
MEE AT AL $3bs9 F7F FaAAAA CFVS &4 A fd AT
Ao WAk S EAEg BeEV|E ENS Jbedo] iFEAT. ©EkA CFVS A 9 A
webel o3 =oElon, Ul Hed] tidk CFVS AAe dd HAHATH

o
)
2

2.3. PAR 2 #H37]

2 FFO FHA A Aol WAFONA wEHA HA A FBA e 4
ool ofsl thael Savt muelA A&H O WASA Hrl o|BA FAY Fht

IZHAE S s AARE7] g Al dARAEE FEHA doh
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9
AAZAE Yo WA w= FRAoR FHH] >
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&, A3 EA 3 22 FH AL @A wek da Thed £ Al T
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FEAAA =] A% W U HEL ddss IEA(Cladding)7t &3=HAES 745,
FASEANA APE 71AVE BEHE Ae DT JEA Y &42EE 2ENSE, U
FZIAISHE, oEAe S84, 7A4 Ao wet AdHr. debHoRe IEAY &
=71 1033~1366 K AfolollA &8t dHA ok SE=e H7E A= #
Z X & (Release fraction) ¥ WAHEE&(Escape fraction)®] 27FA] &S 133t WEEE
2 U0, A52HEH 7AZ BHEHe £&5 Doy, TAHE &S AT35o] FEHU S 7
- A AAZ PAEE EES Ttk WASH-14000) w=t 6] 4 7] 2 (Noble

5

Gases), & =Z7l(Halogen), <Zg] F4(Alkali Metals), €¢Z8 EF<(Alkaline Earth
Metals), &F&(Tellurium) 5o ol HEEE 2 YAREEo] 29, A 13 EE

S <F 0.0001%(Alkaline Earth Metals)oll 4 5%(Alkali Metals) A =2 A|Alslal At

FH <3E Phebus FPT A3l w=w, Noble Gas (Xe, Kr)&= 80%, Volatile
Elements (I, Cs, Te, Sb, Rb &) 25-75%, Semi-Volatile Elements (Mo, Rh, Ba, Pa, Tc
5)+6-25%, Low-Volatile Elements (Sr, Y, Nb, Ru, La, Ce, Eu &)+ 1-6%, Non-Volatile
Elements (Zr, Ne &)= 1% ©l3} A=e] W& &8 7IA 3 o} (A-C., Grégoire, and
T. Haste, 2013)

Phebus FPT A &4 &l AELAWH= &F 5 Semi-Volatile Elementsel] <43}
FHEY 4%, A 8] @& RCS W 4

Zlo] o] A43¥e F& A=A, RCS A FE7F 9 Sl xdoAE
= 280 =4 W =7 A =
453 (G. Ducros et al, 2013). FH& F2 33 FAo] wvhe HAH dF &4
A4Ru-103, Ru-1060)059] A-F, AF BHAA &9 & IFES o
(Ru-103: 39.3¥: Ru-106: 369¥)E & gtthH (C. Mun and L. Cantrel, 2006), FHlg 32}
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Bl HoZ oA A U T A3IE AEH =
=@ty 7MAE T ok ARANHE] W= P A4 Fission Gaset 1 ¢ 7]E

2 FEHY.

Fission Gas®] 74 A2} 7137} Intragranular Diffusion= %3 Grain Boundary=
SatE o] FAHoA FEZY Y H A, & Y Aol aHEH. A A Y

WS Grain Boundaryoll A 7| Z£E50] S EHHA WA= Aoz 7pA 3T

Fission Gas ©¢]¢]e] dEAYAHEL YA FJeZ Grain BoundaryZ &4ksithar 714

gt o] AANA 55 FH, AFEEY 2R o= o]Fo|x Gray Phase, 12]al thE
AEAPAE =S Csl B & 5 I7HA o] dPETL 7HEet. O8a s Jfo =
o] =2 7 49 Thermodynamic Equilibriume &gk WA S F= Zo=z2 2dF

Ht} (Bixler, 1998).
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U0t AgdE Wiz wEdo. o 9=x s
BolA wAlTFEe WEE Qs #2 A st vFe dRIYE =] wEdH. Oak
Ridge =g AT49 AT 9ty 1100-1200C ¢ XA UO, YA 4kshit-g-
10-15% A== &<, HZFAZ 714 (Xe, Kn+= UO, Matrix W =7] A=k 80-100%, &
27 =450, Bn& 80-100% #FF(Te) 40-80%, +=<%Ru, Rh, Rd, Mo, To)&
80-100%7} WE=dthal 3ot

DCH 4382 12 && AAES o83 TFEIHS T2 42 &§& =S o8
3t /A a3 A H(Separate Effect Test) o2 2ALS &= Qlth. DCH €438 n|=o] 7
T 80t FRIREH IYPATAE FAHOE AR F5 E AGAES BEAR RS &
7€ ZkE U R ARAA A 12 EgEdS €A oY 1Yo E EESATOEHN
1% 8gEY BE 2 olF tirige wke, BHE £7]9 <Y As 5 EFQ A4S
Attt v pEEY AP tist 2 dF4AY AqRE AP AAE ol &8sk A
2 2% 7|58ty EAS 1Ed A £9E9 BE A olFo 2HL w33 th
1 ol Fo= o] KIT(Karlsruhe Institute of Technology, (F-)Forschungszentrum

THOE FHE Ao dg 1 A §8E E AL A §85E
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Aol HI7HA Ay AT

SNL, ANL, FAIFME 12 &§&2<e o83ty DCH L de Fdsunh LA
Falg Agd &7 A A2 FF5e BARSY 119) dEe 1&
HoaM AGAEAGAE) Hel 48 5 &§8F A9 2 AsS
AoAes AE 9 AF 8E 71X Y dAE FE OB
(Sub-compartment) 7+2¢| -, Blowdown 7]A|¢] ¥t
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- ANL/CWTI, SNL/TDS(Technology Development Series), SNL/LFP(Limited Flight
Path), SNL/WC(Wet Cavity), SNL/IET Zion (Integral Effects Tests, Zion Geometry),
ANL/IET(Integral Effects Tests), ANL/U Experiments, SNL/IET Surry (Integral
Effects Tests, Surry Geometry), FAI/DCH-Spain, SNL/CE Tests, FzK/DISCO

- 310 —



of 7 H A mE TS Y% A7 &
3t DCH H7lI= HFEHOZ o|FoHYy. o F&H F3d NRC«] NUREG-1150
PRA(Probabilistic Risk Analysis)&d 7oAl DCHell &3+ 7}= DCHel %7] @ AA =4
aga A4 ESHEA8 FoE e A" A3E Fi Utk od w2} USNRCE
SASM-TPG(Severe Accident Scaling Methodology-Technical Program Group)g %3] DCH
o AAAL AY =ZzaRs FYPstyPoen, TCE(Two-Cell  Equilibrium),
CLCH(Convection Limited Containment Heating) =9 7§ 2 MELCOR, CONTAIN ZZ=
9l /M-S Fsked DCH 34 =5 7153t NUREG/CR-6075 “The Probability of
Containment Failure by Direct Containment Heating in Zion” &2 tj®%% = DCH #H7}&=
Zion ¥AE ozt & ¥¥E9 DCH #H7ME 3 7|E< vdsith Zion #7F 4
7, DCHell &3 AddE &4 &0 T83 9A Uebd &4 NRC= DCH A o] 3f
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1980t o] SASCHA, NSS Series, TURC, SURC A3 Fo| F3=Att. 23 Ax, &

A2E 2A4EH S, Na, K 59 HAME 40| doj=2F JH= Hol WEHrH, o
o2Fo] WEEL HAR 7A WEEC vldsta, Teo] WEo] Aujdolm 3LA
AEIAYFE] HE2 1% ol AeE yelgt 90l el s§¥ BETA A gdA&
EEES Z7HH e 543 B2 AF FE VAEd doE2E WEol Skttt
SN Zastdon, Aol A &5E AR W W 4 2=E Na, K& 4% xF
gk 34 Ca0 dloj2Fo] i WEHAY Ted B2 o] ¥Ed w4, Ce, La, Sr, Ba,
Mo 59 W& aFo|den doz2FL 0.1~05 um A2 Tt A ACE A
S Bl B ARV AAEHSAEH, HEE 2SS FE ZIYE Ao

I Aojg B WEo] Bow, Te 29 AEIYPZEL doA=2E AT 1% ]U}O]
ATt BaF Sre AR S FAFoEN WEFol . FIYE AL F o=
9 2ol FAHL YASS AN A= vl g, rolAE A=
of AZPAR] Z7] Lol HAEs] & Ax #ZEHJATKB. R. Sehgal, 2012). 2017d E3He
OECD/NEAS] MCCI &8 BEIaAx A= A 40d3He] MCClL #d A3 sl A= &5
MCCI¢} olol2 & Ao th3t F3A A(ntegral Experiments), A< 3% dHE Wz}
e FFLE, MCA A, =4 2 Ads 37 dizt PHEE a3dd

=:]

= =
(Simulant/Separate Effect Experiments)©.& Ag]sle] A At Jom, Ao 9 AX
= g3 2t (J-M. Bonnets, 2017).

- Az F& MCCIe dojz2F Aol dUigk FTFAF: SNLBURN-1, Large Scale
Trans, Tests, TURC-1T, 1SS), BETA(Series I. V1.1-V1.9; V2.1-V2.3; V3.1-V3.3,
Series II: V5.1-V5.3, V6.1-V6.2), SURC(QT-D,E; SURC-3, 3A, 4), FRAG(1,2a,3,4),
HSS(1,2), COMET(L2), MOCKA(1.1-1.7), HELCA(1-5), ACE/MCCI(L1-L2; L14-L8),
TURC(2-3), SURC(1-2), SICOPS, VULCANO(B U4-U7, VB-ES Ul-U4, BS Ul-U4),
NEA-MCCI(CCI 1-5)

- Ay ¥ BEE Yz o TP SWISS(1-2), WETCOR(1), COMET(L3),
ECOKATS(2), COTELS(B/C-2-B/C-9), MACEMO0,M1b,M3b,M4) NEA-MCCI(CCI 1-4,6)
- AAEE &34%: ARTEMIS, ECLAIR, CLARA, BALI, EPSTEIN, CASAS,
CORRADINI, BALISE, WERLE, GREENE, ABI, PERCOLA, U. WISCONSIN, USCB,

NEA-MCCI SSWICS, ROCHE
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o] B AolE HolT gt}

LAAFA7} F2 AL MAAP A4tz == SFA 0 AL o] F MAAPSE 7)
= HA MCCl 2dlol @& 7HdArgo] o] Fojxa Ut} 53] AR FsUdA =4
S5Ed WadrbsA =d % Water Ingression Model, Particle Bed and Melt Eruption
zd Fo] JjX=Elo] MAAP 5.0.39 W= lem, A Bulk Cooling =2o] MAAP 5.0.4
o wrgE Aot} 2017d ZHE OECD/NEAS] MCCI d3 HuAdA= MCCl ##
Fo AHztze g mdo fis) AAsy o Fo Hizcd IRIAPAHNE PE =

P

92 H8d%ge o33 Zoh(J-M. Bonnet &, 2017).
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- CORCON: VANESA =4 (Powers 5, 1986)

- CORIUMZD: 3 =4 gl=

- COSACO: 313 =d gl

- MAAP: METOXA =4 (1257} 9] 8 3185 A gl o]5 Afo]o] 3}8tRkg RAD
- SCORAT: VANESA =9 (Powers &, 1986)

- WECHSL: sld =d gl
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GAES BEHE AY AAR AT L BEAEL 59 AGAE IR PAHEAO|
&g & ok

SGTR Atile FoAbL SAdA F71EA87] Addo
dAAE =] 22T B FHoE wEE JheA ol At E T S71EA 7

Mo AA L= A 272 BAStE Alal(Spontaneous SGTR Accident, S-SGTR
accident)e} t+2 Al g2 7|dsle] LAYst= Alal(Consequential SGTR Accident, C-SGTR
accident) 2 T8 4= 9t} S-SGTR-E C-SGTRell Hla] Ab el oA Ajdo] w=3 Fdt
2 Qb Adnle JH& 7}L’“°l 2 A T ALY Ige 2d YA, F AL A
&40 FRETUH ddAmoA HEdE RN EEC] AGHdES AA

2 %%E‘r% EAo] k. S AEIA L B
AAE AA FAN TSRS A fel=rt 27 Wil A sl wrEA 1y
o HE At F dhuolth 2002 Comanche Peak Steam Electric Station Unit
1(CPSES-Doll A A Alare}l o] F7|dEAy 7] Mol AR A 3HPre-existing Defect or
Flaw)o] &A|etH &4 7FeAdol 543 Eobd 4 vk =3 800 " C o]3e] #xs) F
71(Superheated Steam)oll =29 FelolAs= 2y & G371 FAH, oS wAS}
7] 3% APt 2d(Creep Rupture ModeDo] 7HdE o] ot A@sus mele diA
Aol 2=l ~EY 29 g2 FAHEL, AFE EAX EAo] dotxHw ge-we
(Larson-Miller) Sej2] F21S& o] &34 FEAHS T3k AL Aol = A, 2E
g2 WMol wl& <l xH(Magnification Facton)& HalFE WA= HolAe FEAHS
y#stEd, WA ¥HE A (Semi-empirical) WA o2 FEHAl "Hoh A=, S7EA
7l Al &L I2HlE 571 25 2 12234 d8AE a3, £57] =EE
800 * C o] el A, &=} 76‘—°r, PWR 78742 Al °F 90719H1300 psh HZ=ollA HyS
T Ak AAAQ Mo A MSLB hgabel 1.4u1(250719h) =& A tE k] 3u)
(27071H74A A= Ziﬁi ded oy ol 1AHAIEY 257t 1A ¥ A-folH,
SUALRL 8ol A 13AIF 2] =71 800 ° C oldel =3t o $e H oA ms
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S AFoA A RHolr, AR ¥ ZA3HShallow Flaw)o] o w7 E—L%‘E(Flsh
Mouth) 3ol & TG 9, FAbal 2doA+ F7|EA47] 1xAls U
(Intermediate Leg)2 574 WZ4= 93 oj(Loop Sea) Z71ZAZIAAAF) ATE T
#S 53l gl Eotew AdA=#(Natural Circulation) €/ge] &
Jif{h“% RCS W AdEES &3l =4lolA dAsts 83 ES RCS Yo b 7252
AGstA =i, a1, 993, I8 71887 ATy =71 AsstA 9. o] A
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O ABIAYAHE oo] 2= EA(Characteristics of Fission Product Aerosols)

ZUAT 2AolA HAREo] £4EY AEAWPE, T2, ¢
Y, 0% F E‘r?ﬂ EN RPN 3
AAAENA SEHRA olol2E AAE FAEA B} olHF o
o e} 7}%71, Xi%%, AREYZARE ¢ 5
Age d5dHe 2do] oo oojRTe Thrd A

5 %23 dAgow AU
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ANoARZL A Ffste wg ZE HA e aAH o AAEA AFHA A7)
= A7 ¢k 001 gmolA 20 xme BEEXE HT =3 JoZ2Fo == Ho 100
gm3ZtA = =2 = AT HogE 1 gm3nt At vluz A7]7F & doj=
2 AEAZS dster AudE ¢ oy VA A EA AR A (Mean Free
Path Bt} 22 dA=9 H5v TF A &4 &8 HFree Molecular Physics)ell £ 3l
Zledt. 942 FUAL s YeElde dREEY doZ2F YA AT AS5AH
Nl Oﬂf‘—}ﬁr AR Ar st G ool AR e BEXE oS AdTh ol e GHelA o

O HA=Z AL &4 Al odojzE ARk =214 A

qAZE A 98tx dd2 di7l 274 F(Knudsen Number, Kn)oll jaf b=
ot} Kne 71A 829 Ay AAY Y ooj 22 A wAD,/2)2 vE Fed)

Knol 0.15th #to® A%AZQl Wyge] 2 g5m, Knel 105t 29 A% 22 &
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dqojzE YAEY 9ste AMdstd AFS AdFste A Brbsdtrh o2l WA
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ool 2% YA &Al(Formation of Aerosol Particles)

NoA=Z dAe 84

oo} 2Z #ke] & ej(Shape of Aerosol Particles)

dozZE dAe] =W 2K (Deposition of Particles on Surfaces)

ool 2= YA A F-H(Resuspension of Aerosol Particles)

F(Growth of Aerosol Particles)

D ooz A4

NA2E A= 719 S5 TheFet B Apolo 951H wkgo] o @4E
Atk AR AT Ao Jo2E UAE YHANE A= et ge Asel 9

=%

1&9 A fFEAA A e HAHe] E(Entrainment of Solids or Liquid
Droplets in High Velocity Gas Flows)

AANE T 7t HEH og AH o] ujZ(Expulsion of Droplets by Gases
Bubbling through Liquids)

S5EAT Y45 dgoz AyAHEE= F243HShock Waves such as those
Produced in Energetic Interactions of Molten Materials with Coolants)

AZY A SO 2HE e 18§ = v]ZE(High Pressure Melt Ejection from
the RCS)
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a3 ol R Atasid FEoA 7P FasH A= FiEolth WAL E
A ZelE EFZRE FAFH ol V|7 H=
FHOo=E o]FHL. o|HT Hx3H FU|= vF
NoA=E AAE AAANIIA Hed F 3 = 4%
slfgls ooZ2Ee] AR AP AHNucleationS wl$ ERg Bz #HAHES ZHedh
Nucleation> 33} H]&o] 4o 10S =3 wf FLsHA TAT 5= Aot A7A
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Aqojz=F JAAAY 7 F83 71T F FUEA FFol Y3 JAFRAS = F U
tl, ol <% s(Thermophoretic)® =4kg &(Diffusiophoretic) 0= WH Xt A2 d 5
2 2=xbo o3 YAEY olFo] WA Fola Y EE FU9 2ol $EHE
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A2 S5 dA =271 ZA oESA Fou dol2E JAY 1Al Hag AT
A dRAE AA YEFTh TIAGNA Y dHER] Hluste odE2E JAE] &
Axzo gk AEs & oA JA ¥ 54 HABuk =29 =7 AEH
=t ole & AE opE F Utk HFFA AT HFA HE= YA x¥ FE5
= 7)A 9 gk 84 5 (Accommodation Coefficient)ell ¢]&sl=t] o]o)| thdt wlo]g =
3t A gorn=w #AH ATt E8sit.
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8% ARE AFE 5 AT PHEBUS TIAFL AA 449 ol $7] 4
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dqoizE #d 49 =23 T3 52 HolHE2 F/H dide 28 ¢
GAlolaL LRboll Al IANEZI7HA= A Lol o 28 Ao = HT
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NoI2E ATl B Ae] AF A Bl A AR BRE

%3+ A ¥(ntegral Experiments)
A% A& (Circuit Experiments)
AddE Al ¥ (Containment Experiments)
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FPTDE =33t AlF AFdo=Z+= A7|stE ©&F FPT0, FPT1, 1831 FPT2,
FALCON(SP-34 3}), STORM(ISP-40 *3%}), el WIND Z=27339-& Z33gkth vl gt
o=z2 AddE  A¥gL  DEMONA, MARVIKEN-V, LACE, VANAM(SP-373£3}),
KAEVER(ISP-44 33h), AHMED, 18]al VICTORIA A 3= A} F7FA Q] ZAISH AR

“State-of-the Art Report on Nuclear Aerosols, NEA/CSNI/R(2009)5” oA &<l& <
}.

X0 rr
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of ©<=3A17]W  Multicomponent Sectional Equationg T4 4 2tk o] 7|HLe
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o8 Ui

e E LR R e
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Multicomponent Sectional Equation2 thi#-&¢] FALLL 314 ZEA AHE F<1 7
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2 d
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T A IR sdodAM = 7IZe; FI17F do2E dA S5EH=
3+ Mason Equation® Multicomponent Sectional Equation 3zt A AAZS 7)etslA ot
o] W2 Mason Equation® 2 4FEH &5 o|F9 o|oj2F9 =7|E Multicomponent
Sectional Equationol|A] zt&3d =7] EXE9] UNHOZ FA% d&HHQ0 7] X
of tgA7]aL o5 wHIEFSZ Multicomponent Sectional Equationel]l A}R82 Transition
Rate Matrixs T3t S3H FJHJALHR A &5 4= A 185
Multicomponent Sectional Equatione ©A] F& WHelth o] WHE A dAEH7]
<9o] 75l [-COSTA(n-Containment Source Term Analysis) ZZ=of F3EEHo] 9o

o ISP-44 EA0] et AEL et
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22 U8 TAstE &R AAd B

Equation ] &3 =4 #H 4 F FF Y5 F5(Collision KerneDoll 2Ja) nH{E 4
AL, °olF HAZIYAE= st Astr] faiAes ddo2E AASY FARE
(Charge Distribution)E& & sfoF dt}d. 18]y Multicomponent Sectional Equationel] ©] &
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2EE a7l Al aEskA fa Stk
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H
[e]
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Laboratories(BCL) Experimental Program: w®|=ollA] 1982-1986¢] 345
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A3ttt ol & Hlg o R AEH T F WA YUES F C49F Zo)
3% C.4 EU-APR1400¢] =AML E (GAME A 5 1~4)
Fission Product Group
Release Phase 1 2 3 Telhjlrium
Noble Gas Halogen Alkali Metals
Group
Release Fraction
Gap 0.05 0.05 0.05 -
In-Vessel 0.95 0.413 0.356 0.339
Ex-Vessel - 0.015 0.0072 0.107
Late In-Vessel - 0.03 0.0126 0.0169
Releae Duration (hrs)
Gap 0.49 0.49 0.49 -
In-Vessel 2.27 2.27 2.27 2.27
Ex-Vessel - 1.89 1.87 2.66
Late In-Vessel - 19.09 18.34 13.84
Onset Time of First Releae (hrs)
Gap 2.44 2.44 2.44 -
In-Vessel 2.93 2.93 2.93 2.93
2. TID-14844
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% C6 A9 E= &5+ YA A FHerranz £, 2010)

Class Elements NUREG-1465 FPTO FPT? FPT2
Gap + Early In-vessel releases Total release

Noble gases Xe 1 1 0.77 a.79
Halogens 1 0.65' 075 0.63 0.64 0356
Alkali metais Cs 0.65' 075 0.51 0.44 044
Teflurium group Te 0.30' 0.305 0.79 0.53 029
Barium, strontium Sr 0.02 012 0.00018 0.003 0.0043
Ba 0.006 0.0065 0.0037
Noble metals Ru 0.0025 0.6025 0.018 0.005 0.00083
Mo - 023 0.26

Lanthanides La 0,0002 0.6052
Cerium group Ce 0.0605 0.055
Np
Pu

- 000056
- 0.0020

00083 -
0.00029 -
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Elements Represent. S1%) 52(%) 53(%)
1sotope

Noble gas Xe-133 80 75 75
Non-organic iodine [-131 60 2.7 0.3
Organic iodine [-131 0.7 0.55 0.55
Cesium Cs-137 40 5.5 0.35
Tellurium Te-132 8 55 0.35
Strontium Sr-90 5 0.6 0.04
Ruthenium Ru-106 2 0.5 0.03
eﬁghﬁdzsc’tﬁgzs Pu-239 0.3 0.08 0.005

S1: early loss of containment with no filtration of the FPs released
S2: direct releases into the environment in less than 24 hours
S3: filtered releases into the atmosphere after about 24 hours.
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Related

Related
. . phenomenon . . .
Subject Items Phenomena description in phenomenon in Significance SAMG action
i
. RCS
containment
CFVS(Containment Filtered Venting System) is one of the
severe accident mitigation systems for retaining the containment
integrity by discharging the high-temperature and
CEVS high-pressure fission products to the environment after passing Spray L Containment
ow
through the filtration system. In general, the CFVS s MCCI depressurization
categorized into two types, wet and dry types. The scrubbing
pool could play an important role in the wet type CFVS because
Mitigation a large amount of aerosol is captured in the water pool
measures
FP generation in
Spray RCS due to RPV . Containment
ECSBS . ) High -
MCCI protection via depressurization
Ex-Vessel cooling
Mitigation for SG coolant injection
SG tube rupture . .
bypass . Medium Turbine bypass steam
. Scrubbing in SG .
scenario dump in SGTR
TID 14844 N/A N/A N/A N/A
NUREG-1465 N/A N/A N/A N/A
Reference
source term French RST N/A N/A N/A N/A
Off site
L N/A N/A N/A N/A
criteria
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Status of

Status of Knowle e
Related . . Computer Significa Further Research
Phenomena ltems . Phenomena Description Experiment dge
subject Code nce Needs
al Program _ level
Modeling
Fission product release from core during accidents involving
meltdown would probably occur more or less continuously
until the system finally cools. During this period, release
rates should vary over wide limits depending on fission
product properties, system temperatures, and the surface to CORSOR Cs, | release
volume ratio of the molten material. The two major release models
PHEBUS CORSOR-
components are: FP release from
e . CORA-13 M
- Gap release - fission product release which occurs fuel type and
FP release ) ) o ) VERDON CORSOR- ) )
. Core heatup | when the claddings experience initial rupture. It consists Medium High burnup
in RCS . ) o OECD/NEA (0]
mostly of activity that was released to void spaces within FP release
. ) ) ESTER CORSOR- )
the fuel rods during normal reactor operation and rapid . fraction
o ) . o project BOOTH )
depressurization of contained gases provides the driving (phenomenon) in
VICTORIA .
force for escape. high burn-up fuel
- Meltdown release - fission product release which occurs
from the fuel while it first heats to melting and becomes
FP release . . . . .
molten. High gas flows in the core during this period sweep
the activity out of the core region.
- ICI tube
failure:
FAL MAAP
CORVIS, 1Cl tub
LHF, (IC1 tube . . .
L . ) rupture, Medium High Modeling and
FP release Fission product releases from RCS to containment during KAERI .
. . . . . . ejection), (ICl (ICI Experiments on
in RPV failure RPV failure. RPV failure modes can be divided into creep - Creep
: . . . ‘MELCOR tube tube the ICI tube
Containment rupture of RPV and ICI penetration failure. failure: ] . . . .
MPA (Failure failure) failure) | failure mechanism
temperatur
Meppen, o)
RUPTHER,
FASTCHER
, LHK,
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OLHF,

FOREVER,
INVECOR
ANL/CWTI,
SNL/TDS,
SNL/LFP,
When the molten core and iron penetrate the pressure SNL/WC,
vessel and falllor run) into the reactor cavity at high SNL/IET
pressure of reactor vessel, the molten corium will result in Zion,
the scattering of finely divided UO»(containing fission ANL/IET,
products) into the atmosphere outside the containment or ANL/U SCE
HPME . . L ) ) . Low Low N/A
into the air-steam atmosphere inside containment. In either | Experiment TCE
case, the UO, particles will cool and undergo reaction with | s, SNL/IET
oxygen to form U;Os at temperatures below about 1500°C. Surry,
The reaction is exothermic and is accompanied by release of FAI/DCH-
fission products that are volatile under these conditions. Spain,
SNL/CE
Tests,
FzK/DISCO
Pipe rupture Fission product gas and aerosol release into containment at .
. . ) High Low N/A
& Opening pipe rupture and opening events.
Concrete
roperties at high
SASCHA Prop g
. temperature
. . . . . NSS series VANESA .
Continuous gas generation from core concrete interaction will Layer formation
) . . . . TURC CORCON . . .
MCCI result in an increase in containment pressure, also volatile Medium High of molten mixture
. ) SURC MAAP . .
fission products will be released. with corium and
BETA WECHSL
concrete
ACE . .
Water ingression
and melt eruption
Containment
FP release failure
n Containment | SG tubes can fail due to hot steam from the RPV. SG ANL . . Evaluation of the
Environment . . N/A Medium High )
bypass plenum geometry affects the location and magnitude of hot ARTIST environmental
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spot. Pre-existing flaws in the SG U-tubes can affect the
SG tube failure. SG tube failure results in a direct release
of source terms into the environment. Hot steam flow from
the RPV can result in a creep rupture of surge line and/or
hot leg. There is a competition between SG tube failure,
surge line and hot leg failure. The aerosols release from the
faulted SG tubes can accumulate on the surfaces of SG tube
banks.

hazards due to
the bypass
scenario

Failure
mechanism of the
SG tube

Aerosol retention
in the SG

FP transfer

Aerosol
transfer

Aerosol
behavior

Most of the radioactive material that can escape from a
nuclear power plant during a severe reactor accident will do
so in the form of aerosols. Much of reactor accident
analysis is the prediction of the behavior of these
radioactive aerosols. Aerosols are very small solid particles
or liquid droplets suspended in a gas phase. The suspended
solid or liquid particles typically have a range of sizes.
Particles may range in size from 0.01 pm to 20 pm. Aerosol
concentrations in reactor accident analyses are typically less
than 100 g/m® and usually less than 1 g/m® Aerosol
particles grow by continued condensation of vapor on the
nucleated particles and by the coagulation of these particles.
The natural attenuation of radioactive material available for
release from nuclear power plants during accidents occurs
because aerosol particles will deposit on surfaces in the
reactor. Aerosols deposit on surfaces because they cross
stream lines of flow over the surfaces or because they
extend far enough to intercept the surface even when the
particle center of mass is following a streamline. Van der
Waals forces, surface tension forces and even chemical
reactions between particles and the surfaces can bind
particles to the surfaces when the velocity of impact is
sufficiently low, as it usually is.

Washout
(Spray)

Aerosol removal in containment spray;
Gaseous lodine removal through containment spray is
important removal mechanism. The removal rate can be
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different according to spray liquid droplet size and settling

velocity, thermodynamic  condition, vapor condensation,

especially chemical reaction.

When the gases including radioactive aerosols enter the pool

Pool scrubbing
experiments at

ACE
through a vent, the gases leaving the vent form large EPRI/BCL the high
globules that break up into a swarm of small bubbles. temperature(pool
) ) . ) SPARTA SPARC N
Several physical processes are involved in transporting and gas) condition
oo . LACE-Esp BUSCA . .
Pool aerosol to the liquid-gas interface(bubble surface) when . lodine retention
. . ana SUPRA Low High .
scrubbing steam/gas mixtures are bubbled through a water pool. The in pool under pH
o ) POSEIDON I-COSTA L
decontamination factor of aerosols can be calculated in two variation
. L . ) THEMIS PIAERO
regions: gas injection and bubble rising regions. The total THAI Research trend
decontamination factor is obtained by a product of the IPRESCA has been changed
values calculated in those regions. to request “Best
estimated results”
Model
ASTEC/SO improvement on
ARTIST PHAEROS re-suspension of
. . . . o PSAEDO ECART aerosol
Aerosol particle dispersion again after precipitating on the .
. . STORM/IS ARROS . Experimental data
Resuspension | lower head and wall due to the increment of flow rate, Low High
o P40 COCOSsYS on the
shock or vibration .
ESTER SOPHAER re-suspension of
project (OS] aerosol under
MELCOR severe accident
condition
PHEBUS-FP tests show that significant gaseous iodine | ISTP/CHIP
amount enters the containment from the RCS during the fuel | ISTP/EPIC
degradation. For the RCS, the kinetics of the I-O-H UR
system, the influence of fission products(Cs, Mo) and PARIS
Gas transfer Chemistry Boron(B) on iodine transport has been observed. | OECD/NEA ASTEC
Temperature and reduction potential influence the reaction STEM
kinetics. Studies are on-going concerning the potential | OECD/NEA
impact of the control rod material(Ag, In, Cd). In the BIP
containment, The equilibrium between iodine adsorption and | OECD/NEA
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radiolytic release by epoxy type paint has been identified as
a main phenomenon contributing to iodine volatility. The
formation of air radiolytic products(ARP) like NO,, Oz or
HNO; can oxidize iodine and lead to |0x particles that
sediment onto surfaces. OECD-STEM project results have
shown that 10x deposited on the containment dry surfaces
partly decompose into volatile iodine under irradiation. The
radiolytic reaction under gamma rays convert |, into CHal
through the reaction between volatile organics and I,, which
might be the main source of organic iodides in the long
term. Radiolytic decomposition of the multi-components
iodine aerosols could be the main source of inorganic iodine
in the long term. The degradation of I0x by CO that is
produced in significant amount by B4sC control rod
degradation may also affect the amount of the gaseous
iodine. Some iodine is definitively trapped on the steel under
an oxidized form(Fel,O). However, the I,-steel interaction
through adsorption and desorption does not change iodine
volatility significantly. Pre-irradiating an epoxy paint before
adsorbing iodine leads to an |, adsorption kinetics that is
decreased by one order of magnitude. Based on the
observations at Fukushima, most of the airborne dose was
caused by Cs, | and Te species. Releases seem to be driven
primarily by chemical volatility at a given temperature and
reduction potential within the containment. 133Xe releases
were estimated to be about 80% of the reactor core
inventories.(L. Bosland and L. Cantrel, 2015; CNL
submission to SAREF, 2015)

THAI
HYMERS
MIRE

Adsorption

STEM2

ASTEC

Effect of
degraded paint on
volatility of

lodine and FP
Radioactivity
stability of 10x
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adsorbed to dry
wall in
containment

Re-

vaporization

PHEBUS
STEM/STA
RT

ASTEC

Low

High

Ruthenium
behavior with
various
temperature, gas
composition in
RCS surface
sample

Fraction of
revaporized
Ruthenium

The deposition
effect of other
radionuclide
except for
Ruthenium-
Surface analysis
of deposited
material according
to the oxidation
degree
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