595 EEAPFETIEREEICL LESEDORE (HEXTER)

EF 3 BF SAEEESH HEsE

(EEBYY

KERFEERS 4 FIF

ZREFHFEERT 2 BIF

% BT 3 FiF

FHEE A

&
&
Ly

R

Woe

el e

5\. - #
& o i
~ ## Z
& = 3
b A A
15 =
& e
=
E =
B
v
M
w
It #
B =g - S - T - S - - - S
gy £§£££££& 4%
& 5 a =
= | ¥ - ) = £ E
Iy, 2 . 2 2 5 & 5 & : o
ks = € 2 8 ¥ %X % = -
£k 22 2 2 % £ 2 8 i
oW ox x A X x = T =
= & = & & M oo 6
= o 03 F =S @ o e
B2l 4 6 v e 3 88
w2 2222 85 3
&
= =
& =

£ NUREGATH-45651 Vol 2" Evaluation of Severe Accident Risks: Quantification of Major Input. Pam meters

PR R RS R U R~ O R

WA

i)

el

A

ICRP Publication 71
O

L1 ICRP Publication 72 -
IZE-3<
LCRP Publi
ICRP Publication

IZS%, A

L Zem/ B

¥ £
ERERAL
ol

d, AR E
~m L Wt
it 2 i
%380 - 1L
B F L3 Eob ] S
LT Hh % i L o

#HETD

#1 NUREG/CR-4551 Vol.2 "Evaluation of

Input Paramete

Severe Accident Risks: Quantification of Major

BRI & B A

PR L A

sENTHRAERE S H
O LA E & BT
LT a8, BIZRsT
o b m R

LTvH.

59-## 2-210




595 EEAPFETIEREEICL LESEDORE (HEXTER)

AT 3 B4F SAKEESH Hilk

: B, menwﬂmﬁﬁ
: AT £ Py N D
: Foidie,

*ﬁﬁﬂ@ﬁﬁ}

KERFEERS 4 FIF

ZREFHFEERT 2 BIF

% BT 3 FiF

#ift 1-2-2

P —r AREDEZZFICONT

o S R BRI R 2 S < BRI BT, FHEE&IZON T
k. AOMEFEM CHEET ARMESHET—FO b, hREliRED
EEEOPIE OB A bE RS RO L <2 2B HI Iz R L
Bl —r A L LT, [EMESHHRM LR OF G ICB T2
FEAED - BECLAH0EFO b, BHEBEOMBET—F
CBWTHELTWS, KRl LOCA R ECCS AR UGS A
F oA ICRMT A — A8 LELTWS,

il EO#IE BRI MRS g ESED SO RENE
B THD ZLhb, HFEYEOKRHRBE RS —F Ap
SRR OBANEM L B V—F L ATHE, £I1T. &
StEt B o b B4 i PR ERIE oA BELVh Y —
AW TELFITFRT,

ECCS  EEARHEAE T 6 S0 4222 Fi B ) TR IR S S o0 5 DR RS Ik o — 4
AT, FOABE L A I E B KRG B B O Fot i
Vi, —F, FELSRETAFS T, JORER S E O R Ak
Sz, BHERmLEEL L 25,

FONRET TS L LTI, KEHER 34 BFRORE, BRE
BRREIARS L O A AR O R AESRHEEE—FELTRBESL
%, TKHEHT LOCA+ECCS HEARBLHEMZE R R 7 L1 %if), 2505
B SR S el B Ak SRl ) B OF TGN LOCA+ECCS TR ALEBL)
Thb,

ITHIE MG OBATHERL A& HL LTIX, FOREICE
HETORMAECEE . BRWESA T LA 03EMT5HBERUFRTF
FRWESOENDEEBT IHETHD,

FLBEICESE TORMMBEVES T, 727 AENHMER
OB L0 7= 27 AT RO 7 4 VF 24 LTS
EoMEA KB ER T2 DRIFTE VMRS S,

AR A T LA BRMT 384T, MENLARAVRERAT LA
FRWAHZ Lhh, BFERMESANCHEShEZ LI FEeEL UL
E O E A RET ARSI EL B,

FFIFEMEREARB BT 286 Tk, ETFEHEREE
WENLOMAVERKEL D LG, HMAEHE oM EENS
L3,

FLAEETAESRL L TGRELE 3 FRiICo1T, Bk
1 < Rl o S0 fES R U i~ g EE 1 EicE L
5,

F EolEY, FORBCESZTORRSEVES. o
RMERA T VA BEMTABE . o, RTPFRRESENRRL
%ﬂf%@A?ﬁbf+MWhmiwwm% AR RE R UM # 28
AT LA R e A ) Y R S S o T < BRI R

2-2 WEOBEDEZ Fiz>T

FLOZF LWVBERSEL LB E&oPhRlE=Eo BEEICES L
< EEfilC Y e o Tk, FRM¥& L LT, EOREHE R o A
ZBWTHET ARMESEET— F05 b, EEEOHIE 0BA
P EREENE LML <2 AWM AT ML LWl — b AR BRE
TALEREDS,

ZNRFHEERFFIZBONTHE, FLOFLWEESBELE
WEOPREEED BENEEZHER TS LTEETI WIS F U AL L
T, FOREN A TS TREEMTLOCA+HHPCS B+ IREECCS Sel + 4
g HhERE k| ) A EBE L,

frds, MIFFHEEFEFEICENWTIE, FEL0F LVEERR
ELELMETSES, FCRERREARZAVTESZINET
AIElhrd, LivLAds, X Wi UEERGHR
OEGICEMT S22 L L BB L, RTRENESR7 (¥~ bRE
RAWTH T Lwia rF e 0HERTA o ER Lo EnEss<r
FEEETAHELFENSRL TS,

1. B8O (BWHES-< FERR)

(1) KEEMFLOCARZA L, FFIFHnasnIcmEr i KRICEL
nTa,

(2) HEICHPCSHRE, {EEECCSHERL, £72Hilhh\BRmMLE (SB0) %
METE0, FPFEAER~OFEKPHEPFCEECE
5, FERBEGSHICEENEEKE (B (HAB%ES
7)) L ARTFREENES~OEKERBTA LT, BEFE
JEAE BRI ERE XN D,

(3) +o#, BEFFEENESR~OEKETBHESRS~DAT L A%
EMET 50, WHEIEAED SHA4REITRE L R8T, SRR
EARIBR (7L v ia v 7 — ki h B 7SRt B E T -
0.dm GEWEEAKM+HF2m) ) CBRLAT LA 2EET
B

(4) HBMBEBAT LA TEIRE, FETED HHGRMBICRETE
BB NV FA PRERWEAY P EERT S,

2. MMESH T ARE
HMESH T VABEICONTHE, BHOEZ-MiTER2ERES
@Eﬁéﬁw,ﬁm#gmgd<$ﬁv191®mmkwﬁﬁ%ﬁ
. FO%, EREHENEOF IR CER ST ) AOBES
ﬁﬁ
(1) ER®&OEE
T MIEBEEZAERITONT, NETHRETLIES L4
HTRHETHIHES (MR Rk, TOMAKRS) 2 FhEnair
L, X ot ihsER (ERFR) o0 TRET S,
IS5y MMTBRETAIERIZONWTIE, 77 boAELEED
HHEL LT, ALY IREARITONMS L LTE RS THS EIR

-2 FROBEOEZHFIZONT

IR LB L B S OB ITE A EIT FEicB Wy
T, FhERICoOVTIE AHERMCHEE TR sREEE—F
DHh, PREBPEOEEEOHIEOBAPLEESRELEL R
AW FICHRE) LBl — 4 A L LT, RAAE SRR kx5
OFHEFMICE T ATEAES - BEICLIHHATFO S L, &#
FRBEOHEET— FIZBOWTMEL TWD, Kkl Loch FriCERE
EAKSRE, WM ABRER UHRMIE S A 7L A AR M5 %
HERHBL LTS,

b Sl S E ORI < RRIE, B ShoeBURESE S S OB RN K
REITHDHZ Linh, HEHEDEOMHENRE 25— A p
BHEEHE OBE LB —r A THAE, FIT, M
SESE ORI 2K ICPhRFEEHE OBRAHE LW —
A 2WTEL TR T,

ECCS FEAH RE I <04 2 i i ) SRR B 45 0 )R DB BB I o — 4
AT, FOLAEE LAV s KB R E S E Otz
W, =%, PLSHRETAES TR, KRB AR SE ORI
Sifzh, BIE B L L< e s,

BEORRETAHFEL LTIE HEETI BFE0RS, EnESw
Hp5IE R OFHECHRLIEHESERE—FL LTBESIhS
[T LOCA BRCIEEHEAE, mEEAMERUHEHESR A7 L
A e AR EED %%1&?& T4y R Bl ke e 2 B R AT P2 T IR
ApEde L, HHBhE dod- LWl BOF THCREMT LOCA BRICIE
[EHE ABEER O E AR B LT A28 Th B,

I THIE{FEOBRATHL 25&GFLLTE, FEOREICE
LHETORMPEWEES, BHERAT LA BENT 2B ER VKT
IFEMESOENNEL BT HETH S,

FLBEICES £ CORMPE VTS TIE, 7T=27 AL
lOEEIZ L Y 7T == F AEKIMERIKO 7 1« V& &4 L Tt
B OB IIRICERT 2 2 R i T B 2 B,

HRBERAT LA BT BT, MERSLRNREZAT LA
EFRWAZ &b, RAFEHRMAERAICREShEL B RELT A
D HEMMERRET ARSI NE D,
FTFEEAEREARE R T 288 T, EHFEHESRER
WENLORMAVERKE RBEI Lk, BEEDEOKHERS
<k,

FELSEBET ERE L GRBELEIERICo0T, BESREE
<FHE L OEFEoRESRUEIE i~ BE F 221 Bl b
Hah,

ool EokBy, FLRECES ETORBIEVES, H
2, BERAT LA BEMTSBE, o FFFEaESREDN
B HEBTHEBETHD TGN LOCA FRCIEEE AHSHE, ®EEA
AR B R A A 7 LA AR A e A i) A, chaiilips

[k#r] %)
3

[ o3 M
atidl 3

- Rk gl LT
A L AHREHS
oo, &<
flidE L md—y
A (G S ES) 2
BIE LB A R Ll
LTWnaZ LicZERR
ey,

R EER OB T
TETERY IR S &
AEELTVWAN, &
Jili 2-20 #RERE
B R o
WL < Bl on T
CT@BELEYFUA
ICTHIEHEET-
TR A S Sk TR
LTWa,
CREOEZFHRRL
THhAH KL OLEE
79,

[xfi] CikERD

| ERMOE

il

[K#R] TiEROH

ifh

59— 2211




595 EEAPFETIEREEICL LESEDORE (HEXTER)

AT 3 B4F SAKEESH Hilk

TR, R U RE OTRE (R
BT L RN A g (8

AL, §

TRF
o

HeE

HRFH SERT 2 BiF

KEFFHEFRS /4 BIF
LWRERERS,
Lied-T, FEEICISVVTIR, TRHENT LOCA MR ECCS 7 ABEAE
BURHERAT LA ST 288 ICTHEET-TH5,
w4 e HE O (vl L ([EHERM
- PUoE E OINNE-L |vVESRY
s REpsE R (2 8% |E#l=
S |EYvE R [ESE£% |SRaw
Pt 23,0 8 [BuUuER (RVEZ
EFw |TDkY ® [Mo@o |HES O
ey AR K Hegdsg (£ .08
ng N LSRR L oEngEn |BRS .
= KeXgdp KRS G &=
] BHAEFS OV NEYHES|EHE Y
= pullgoakliPrxayBodv
. EoE FUElanNEH#H|bREau
Ui EH OIS (M2 AR ESHEKS
= I EE& L
v 2 E LEBR
g # ¢Ex . (CEo®
e il KRN0 L
= R pHw® | EIH
= K 5 KBg®R [ .8
"m = r",;ﬁ:': r"“:l;
BEI=E &£ = agkh
H= = "_‘Eili e = S
o|E# i@ oo
< |E#E B N&E vy (ELgen |
N ® ] FERE UG
& K Mo - 2 2848
g N A S8~ ., |BHY
o SN ¢Enw |pia
o= @ g Ex KEpd |u&p
JjeE Tl kg HEEL |#Efw
e 5| he xBEE %38
BEg |gl =% NSy (B
“lEse -t TEVE | 4
HE H2LOR HEY R BELR .
4 1 b KT 8 NEPD [EHH0
#H K0 VS 2 .V >
AR ™A 2By =
IoR ok AN i E_ = K
LER |a| EBX KR 2l
Fwa |0 ¥m a;xﬁ g9
shE |2 . KLEBE B
SxE |® Hg NEnE |RBER
= = & NEDE (4
HEY g @S (@Y
g gl [¥EeR R P~
K<L<heg] ¥Zu# NEN W (B
4 K & b
4 e L Al e P
N RN 1a® |t
& b aEL =8
I |Z|Ey I ¥ g ot
b3 ol B B E £ &
A=) & )

B RE IREEL (HIEREAS) RUSHEREY (FTF
WEIE e RSE) ABETS, £, BFFEOREICHEELEZAF
Sl LT, HWAHSRERERO SR, FrrmssHRotiEs
BET S,

I METRETAIHSICOWTIL, HE, EERUHE -
HELUAOBEBREOBESH L, HgS2EEL T12ES (&%
&, B (BER) , w%, EE Bk ES, %E g, Ko
B, AEsiEs, SR RURN) ABETS. £, B
Rt KIBICB: MO ESBELZMELLLET, 77 boE
BLHEETYEA B LEZONIBEE, ERTAZERES
o

(2) BRWSICES Wi+ FomH R U SHE

AR Y )=zl BEROEF-nTEASZES (ERFE
&) AHBEIC, FERYOL S ICER L TREREBICES M,
BEMELF T2 REOBEORT 28 L L THTRICERL,
VA ERRELE < HET 5.

L Ei e ) AR RHEROBRIC LT, F2-2-10k
B F—7Rlic 5T 5,

#e-2-1 HiEP o CHBICES TR I A X —TF
e F DRI R D g
Frs A 2 —7 ==

RAsER ORIz Sl LT
POAECES F—7
EEEAIZ kR LT
PO EL Y —F
MIETERIZ R LT
WLREIZES X—7
BRz%I - Lizky

HA SR LR ok

WRLE « (EETE A RBRER 4

ERIEFEZK - iERRHEME S

A L EIRRR ol taiiotiotag
- ¥ & o
B L S S il

FORECED 7 —T
LOCABRIZiEAiz el L T
FLREIIED S —

LOCARFE o i R RE 4

(3) BEAING S OF EFEM R E T ) F 0B E

(2) THELEBMFIA055, HAOEEROREFFEICE
(T B RS BER R e, T - [EE KA, BRI - B
TEMSRENE 42, 77 Hilh DI S & ONR F IR e MR iz D T
i, FEREICELR VD, EXEHSNEESHEELTLIF
LR AT SRR ST U T, LOCARSFEABEBEE D 7 &
5,

LasL2pid &, EXEESHEOEHETMC BT, BnE
SBEHRT—FELC, FHRAUED - BEIC LAHMAT (EMESR
BE - BIBREE)  (LOCARFFKHERERESS) WA T, mIEEm ik
H AR MAESREAEENE (D) , FFFEENESNOERR

n¥E &R 3 FIF
ORIE M R b EL OERL RS,

LiedoT, FEICIEWTIE, TRk LocA B ITEEE
M TE ABERE B U1 S A 7 LA FEABRE I S 800 I TRE | i
iz fT-> T 5,

VRS (e + .
0o EE 5 2 X il =
. wEE O I REE-£
o = E E ™ od 3| v BE v
BHEQR (2 g & 4
5 #y 2R |#N LEK
=y REP0S | R#ER
E® |Syoms |ms A B
S [230gX |mosliE
i DhiH . @m0 o
= KNvEY INgERE
i B . H 0QIh i
N B RER | nH &
EFHE QLN E M-S
FURL OBR|NE ¢
< ® E TEE
#He =1 HHa
B g0 £l REY
o= & & TEH g
;"{ s E Y .Et’it'_'l_
= 44 o g 3| T Mo
Bl oW = X NOE S g
2| 3 ™ e
=] 3 i LTy
X " U ZUR
o # [ ERH W
MJ N e R
B ¥ # 2 & == =
& b uli ] bl s
e SR o o
® 2| h= £ v
i 2] @ i3 a|EE
& o ?;:ﬁ 2 = AU "iﬁ &
S & {f 0 o L
® @ ™S | B
B ANV E(TES
2 =R WY B sk
X & KEDd# =
PESS N & o H
HH g % £ o |2
RS T ®ov |E
o< 2K = i .
vge |l N FgFE (0
By |o] K FEe &
it Bg o glE
SHhNg|= E= XoR g|B+
- K0 %v@ ™A R g
e il S = E e
K Bq5HUR \ - &% v
KEEH HEZh = P
. #e &
K = K& £
-y - 1 1 :EJ:‘
X RN FRS] B 1
|\ alED ! g
" B K i 25
& E ar

59— 2212




595 EEAPFETIEREEICL LESEDORE (HEXTER)

EF 3 BF SAEEESH HEsE

HE

-‘\:(--.é:'-

DR, EA U ER OMEE (B Ao mEE)
! 133 )

KERFEERS 4 FIF

ZEFHFEER 2 BIF

% BT 3 FiF

B—imHHREER (FCD) |, KFEEE, BRFEL -2 ) —F
FEIER MCCI) OFEOEBEL TWAH,

Zhbo®— Fizs i 5 FTIFEHE SO RHEEE O bo s
1, LOCARFHEAKBEREREL L DCHIZERM Sh T Ao, LOCARFEK
HREMEE LDCHO 9 6, EEE OWIE OB A BREEN L < &
LHEHL—r A TR LR, LOCARFE A RERE S 0l A3 M L
{lpsfER Lot (12-20 HEMEBRTHIESNAREER O
1< i nwT ) 2#8M) .

PlEXY, SFOE A FEA 5 LOCARE AR RE I S % AR E S
YAl UTEE L,

kB, koL, FLOELRENEELELBETSH
& Bt EEReHR AW TEREZNRT S L &0225. L
LB 6, BIE<FHEICE W TILOERE RS HIR OERIC &M 5
TLEHLEEL, RFPBEWESRT ALY FREAOTH T Ly
3y F 2 RAOHATA CEER L ERERSY M EERTAHE
LEEE S & LT

¥ HEWiESmET—F fpcHy ,  (FCT) RU® TMCCI) (X, EHKE
S LR T A BRI h e DRSO E LTS
ZENTELN, ERABBARFIFERCE OB RS ONA
B, MERUREOEEICMTSBRAIORI] FITHE2-1(a) iz
BT, M TFHRETIHRHBESMEET—F LLTEDLA
TWA T, FFMlE i Zd57ic, ERENRS LN
—ICEELRNEDE LTINS,

59-#f 2-213




AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER)

ﬁ*f : A EEFH ,ZF‘I:{?KSE
A £ P ; :
’f}‘: o FodE r.thﬁ’&h‘l b’Jm

KERFEERS 4 FIF

HNRF A SERT 2 BiF

% BT 3 FiF

FHEE A

{EEE Lo EE (ERE264E 2 A #EEIITFLAERRRD )
BEEEFEIC AV AIEBEDE L Hiz o1 T

BB a8E< C2nw T, —RaIchEIE itk 5
EERKE W, TOH, EAREEHORERFEGIZBO TR, AR
WIE<ICHFB L TRLARBEL T3,

05 L BREHE L D R UMOKBEBHERE O 2 2 B0 B IR LN R
B U ERE B RO IEICRT,

MOUABHERTIRL TIE, 77 ABHE LIS~ WEHIE < i
AOehaI-1B1SMREER K&V, - T, mAEFFHoBEE
BBV TR, MO EHERIF LAREL T D,

. MoEIORTLREY . KAP~EHEShERSEDERICLS
SR IZo Tk, A FHEICAVWB RS y R —
0.5MeV #B{EANE IEEDLRVERE RoTWS, £, FEikic
FTEBy BEBHNLON =Bz LANEEIELS o0 T, A
< BB I WS SR PRI ESE RO T B MR RIFEED X
EEDLRVERLE-TWA,

WLFE 7T D bR Lo 475 L R
0.5 #4.2x10°

vﬁ.t Fd—q.

-191 WEME (2q)

f&t‘kr F—{.EHaV M (2g)
1 FRAEME (3g)

X EELER R L

7 F EEHEL

MOX/ & F ok

gm it
e =
#a.0
SRS | 5.3ty BT (k) 2l | inan
131 Nl (5q) [GRREST LE X1

73 ARRERRLD

#F14.4% wIT.0x] #1 % 10

T T e B - ) #7100. 2 #3100.8% #1120.8%
1-131 Wil (- #1464 ¥ 1138 Y 1264

Bag U7 BEHAL L aodEHERHE OO IR TR M E R o
7 E (R Fl AR
MORER FHIE T IR Lo 77 REHE L P T
(Mav) (Mev)
#a.1xat # g 10" #3 100.02%

(FE 1) #EEHILE R AR 48, 000MNd/ £ T 9 7 B Loos 36T L 12 4R L,
(EE2) 00 34 TS R a8, 000ind/ t ETO O F 8B, 1/4 ICEHE

Ete B EIRIRIE 45, 000mid/ ¢ E T Mo #RELE 0 L P

20 E{EMFEICAWAFEMBEDEZL HIZONT

BEMEFE BT 28I C2n T, —#iichEmsiEdict s
FERKEY, ZORD, FLOF LOEERELE LB SOBRERE
FHE B WL, ANEHECCEBL TRLERELTWS,

DT HREHELEVERY T s T b= LIRE Fﬂ"’ft%ﬁﬂﬁﬁ
FELEVCETAFLAEHER F T IFRmasE

ARLFIC R 5 DF & 1 L LIRS0k EHERES 2-3-1 BRT
i 2-3-2 |ITTT,

7T b b =0 LESER RS IF LTI, v T U ENE
Lz s, mmmﬂ#m_mwané 1-131 FfHMRFES E W,

e, RFIFERE Flowt+ 5 DF 210 & L
;-;_1_;7 FICHBLT - e (b RRE Fil T
3 1-131 SMERMES KE < s@EmIcERITRy, LEHST,

mum%LMH%ﬁ%iLt%é@EE&#MK%DTH,ﬁ?;-
T b= ARESE RS R L AREL TV A,

fedk, W32 RICFTEBY, KEAP~HHES iR EhE
LB HIE 20T, A FHEICAV SRS y BRI
F—0. 5MeV MBESIZITEDLERVERER-TWS, £, F 2-
33 FFTEEY, RENLOH =B LAABEITE LI T
b, SHEEIE <RV BN AR FE AN 7 B R RRIR
HMENIZIZEDLRWVEERE o TS,

o318 TR BTG BT S b= h AR R BT L L
3 0 [yt F & —0, 3oV 881 ()
L ML [-L01 SEM (Bq)

B A —0, 5oV 5 (Bg)
| 131 Sig@m (5o
| e o 2 —0. SNy W)

7T EHE L

Wog-o@ OFAMPHELEDTL . T

#94BE4 14

6, BES1D

#14.8E+14

=rirem tr..

#14.TE+13 +3 |
y = R AT " g . i i1
T i B100.1% | H9100.4% | #1100, 4%
I-131 SR (=) # 139% A% | @i
W23l 0T mEHR ey

A0 B
G el
TE 2 MR b 4 L
{MeV)
RS ¥4 20 oM B, 4%

5 PR AR TSR, 000 WWd/tE Tan 0 7 L 100 S03E6F LI iR
(fE2) FOmI IR R R BERERS, 000 MW/t & T, LusRRE R
FREARIELS, 000 WA/ tETO 0T - T k=0 LRATEHME ST L L

] il st o

[HEiE] L]
ic
o TE VL LT 0 3R

59— 2214




AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER)

==
#

aF .

D, ERULER ORE (B SEoE®)
AC MR P S R O RE GRS 8 OHEE)
ALEie ., REAFOME (ERELMEERL)

KERFEERS 4 FIF

HNRF A SERT 2 BiF

% BT 3 FiF

FHEE A

Wit 1-2-3
[RFIE S AR~ O S B i ORUHB & DR EIZ 20T

RS S icB A2 BEECHELIHIE BT, FTPEHnE
BAOESRAERD ORHBSORIEIZOVWT, BEANESRE TO
MBEA &t kEORER Y — A ¥ — LTS NUREG-1465 (27 X
At EE . BHEME AT S,

1. NUREG-1465 OFHHEIE . HHMER il AtElz o\ T
NUREG-1465! Y — A & — Ak, REHEREHEBRE LY RFF
FEVHELT 7Y BFEACHEBERDRBICES ETEMSLE L
LOTHY  KFMTHEL TWAHER—F A LRAEO I — 7
AZoNTHRRIZEEFL TS, NUREG-1465 THEEL LTIAY
= AR 1 RITTFT,
B 1# NUREG-1465 THEE LTWHI—F R,

Takie 13 PN Sascrre Term Cantribasimg Somgerners.

Fawe Fegurein |
Sam A LOCA fhan byl oo cmbubames hiean ororal s
™Y LOOK, 5 FCS s e AFWS
v s LOCA
L) 00 wak RCE scad LOCA
=D LOCA, w EOTS 6w iy ombamam.
£os EBLOCA wite " bl i smsisnanent
Txm pre=d LOCA (') w $OCS wa CIRS
e ILOCA RCT seal, e ECCS, R comsatnimes s,
el — H, buen ae IO (s rmmmevmess
BoeT e [y i T
[revihen
™ Tamical, oo PO mo DOCK e AW DO ladbe.
Fnaee
Dhmen § ™ IR, na weview REF aperes.
AHXE LOCA (7], e EIF spstemst
Sequnn mmn LOCA ALT, me GOT, ma CEAC wan saion cvimy
Boved
Ry EBF o den g indmed LOCA
mry SR i ey i vl
1 LOCA () »a 380
T4 SO bt b g LOC A hdengas urm Eady
amnnncn
ACTH LDCA (s g me FOTR o %
L AN gt & WP sl Eribiern. ity yimar ey
AW apeaaaan
mar LOCA (BT seal) me EOCT. mu C3RY
e LOCA (BT wal) w0 BOC snswmuinsen
e - LOCA  Law of Constnst
BT R Conted v BN e Cotteien Wty
e Cmepem S wars
O Commrenen |-~
ATWY Arsispoted Transimet Wikew fovmm  LOOT Lot of Oite Power

NUREG-14656 T, BEAEHZERIZEOH L RIS S ~H
ENAESEARYOBSIZONTE 2 YOLIRHSERSE T =
—Zlzxt 2HHEE . MEREREREL TV S,

NUREG-1465 DT hift<=&TWA K 912, NUREG-1465 @ — =
H— AR LERICES iy Oy — b LR EREIC L EN Y
—AF—AThD, i, FOEEERICREC B Sh 2R ESE
PRELRHBETHRA R —Fr AL LT, KFETHEELT
A TN LOCA BRIC ECCS BAB L UHEIESA S LA EA RS
B ao—roa) FEEEY—F A ERBT AL IRES L
LOTHS,

1hccident Source Terms for Light-Water Nuclear Power Plants

2-3 BARAERS OB Gz o T

FLOF LWOIBENSE A L BE 0B A bl ii=s o BT m
2% 7o T, HEEYE O T IFEHE 8 0~0 H BlE 2 MmP
21— F LNUREG-1465 MR AF|H LEF ML T4,

FEMLOCA+HPCS 2B+ {5 IFECCS LB+ 227 Filh H EiEmE L 5
U A (WWAr k) CTOMAP SEHTIC L5 BE O MR (3
Hr gD 5168 BERAHIES) £#2-3-3 IomT, L, MUTFIwRT
L0, +£2-3-3 OFEPRFESOBEEFMEICERL Tz,

#2-3-3 ([CLD L, WIEBESTE (CsI <°Cs0H) OMgHEE (10
F——) Lo, - BEBEZEOBHBIENKE VW (10754 —
H—) LnWigRLhoTng,

—%, ™M FHEPEBE—RTFAREFRHLTORMNEE) L, F
AR Z>HEERLE M Sh At RO EIR, LH%ESE
YU LEOREREOBETHY, P EREEEOHEOKRHRITE
BEECHEL LE~VRTHS ZLPBbhaTIN A,

F2-3-4 1%, TMI BEECHEIC R S i o R RO 3BT = L OFFE
BTHLN, FHALCHBEREEE (T vA0E8 9%8) BETFFE
NBEBMC2BEO S LAEGRERHELTNE—FT, P - (EEEE
ERILIZEERVPFRFFEAEBNICRRESh T A E W IREE L /2
2 T3,

Ebhiz, #2-3-5 1L, BEE—FTHREFREHEICEEI-2
EFTE N O+ FEch Rt Y7 VR THAN, BLE
CHHENTWAOIIEEREERE (B vAa0L %) THY, £
L O - EREEERIITARE LV ORRL 2o TV A,

7o, BER L OSRA RS O MH R U ENEE)NC B 5 R
BLy, BExBEOREFERIL TOL S CERIATE Y, FHA
ARE TS b IRIEEREHEI WA OlcH L, ThUs ook
HEEIBEKEHFCEET L LTRS,

HH A
I, Cs

D EIRC T s ISR Eh D,

RIS TR D IR R Sh s, BUHEEE IR A A L
[R1%,

FiRlC TR GIZIELEMMENS, £, BEELERE
L=, EREoBRLicEEHELS.

Ru, Rh, Ba: TWEISEMH (Fbdltror BiAlF) k&
BEERT 5,

Pu, Y, Zr, Nb: FRiEARHE T b Mt HEE 130E o,

Sh, Te:
Sr, Mo,
Ce, Np,

#1 MEFEWICHE LR b oG RERMRUT 7 F=

F O it 2@ EFM O 7= O FFFE (JAEA-Review 2013-034, 2013
12 H) |

24 EHEERMOBIHER ST o T

IFLOFE LS B LIRS ICB T 3 BEEICEHED #IE < FHE
Tit, RAFEAES~OZSRERDOREHBEORIEIZOVWT
BEAENEHE COREZEXEORBN R Y —2AF —LTHS
NUREG-1465 (T AL BIE, MR AT a,

1. NUREG-1465 o Hiti&El &, Kot Wi ol Bikiz 20T

NUREG-1465' @Y — A #— Ak, AEEREETRERELY, RFFE
FRAHELT 7 ) BEA RSN A RBICES2ETEE L L
LOTHD, FFMHTHEELTWAEN I —Fr ALFERO—F
Ao ThaBIZEEN TS, NIREG-1465 THBEL LTS Y
— A LE 2-4-1 BITFET,

H2-4-1F WREG-1465 THel LTS L—4rio A
Tabds X3 FWH Seurse Torm Comtribntiag Seguences.
st Seyuence Dnseription
= e LOCA (oot g
TMLE LOOR no PCS sad no AFWS
v Interiacing pymem LOCA
5 SO with ROF seal LOCA
S8 SNLOCA, ne BOCS and Wy combustion
D SBLOCA with 6~ hole §a comainment
o B LOCA (2°), #0 ECTS mo CIRS
sncE LOCA REP wral, mo BCCS, na comtaiement sprays.
a0 coolens - Hy barn or DCH Lads consainment
SIDCFY SIDCFI encep bate Hy or overpressure falure of
ourtanara
™Y Transiest, no PCS, 00 ECCE. o AFWE—DOH faks.
o]
Cxors 3 TMLE” B0, po wmive ESF sysmemns
SIDCF LOCA (37, 8o ESF smems
Seqanyat S3F1 LOCA RCE no DOCE, no CSRS wik restor civiey
EIHFT SXHF1 with hat heg indoced LOCA
IHFY SXHFL with dry rescior caviry
n LOCA (§7) with SB0
A B0 indecs bot leg LOCA —hydrogen bern b
SRR
ACD LOCA (hat gl wo ECCS 80 C5
s SO delaped & RCP seal [adies, oy searm driven
AFW opersia
sHE LOCA (RCP seal), w BECE, 1o CIRE
b LOCA (RCT seal) no BCC recroslates.
SHO  Eason Dladkost LOCA  Los o Coolan Acclest
RCF  Resoor Coolams Pemp DCH Direct Comaiament Heaiing
FCS Powes Corversion Symes. Salety Fatore

€5 Comstment Bpery €5 Rezireulation Sysiem
ATWS Andcpaced Tanucst Withest Sam LOOF Lo of Offains Power

NUREG-1465 Tid, BAIFHER L6 EFIFEMHE S~
ENAEHBAERH OB ESITONTE 242 BO L ) hESERE 7
=—XCAT AMHEE, MHRRERE L TWA,

NUREG-1465 O TH k<5 TWA kL 912, NUREG-1465 Y — R
F— AL LERICE SR« OB L — v A RIS Lo R Y
—AF—ATHD, FiZ, FLEERICRECHE SN BEHESE
BREL RDBETHEN R —r AL LT, FEMTHEL LT
WA TRRENT LOCA BRIC{EE I ABRE, M AR R UM A8E 2
T A EABREAERTAHY FEDEE— S AERKRTIHL
IMEENELOTHS,

! Aceident Souree Terms for Light-Water Nuclear Power Plants

[Z)] KR E R
3

- [N . =il E - B
B PWR THh A KD
Ay S e B L T,

[AfR] fikEROM
itk

 THIT A R o4
b fi— &,

59— 2215




AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER)

ﬁ% B, A U DR (
"I ';:l[ rEE ]

’f}“r

(Bt oo FE:E)
HOHEE (FRls

. AEAFROmE "—EE{PJJ RS L)

OFEE)

KEFEETR 3 4 FIF o )RF 3BT 2 BIF BB 3 5IF FEEH
Wr-a-z il CTAT R R~ KB B ORI S (NUREG-1465 Tabled. 13) [ZII] KA EM DK
WoF TIPS S OMINEIA (NREG-1465 Tabled, 13) #2-3-3 OFFER R Zh & ORMEER ERRR L BESTH GapRelease®**  FarlyInVessel  ExVessel  LatelnVessel | it
GapRelease®s*  EarlylnVessel  ExVessel  Latedn-Vessel Ty, Zhuid, KEEMFLOCA+HPCS SR+ IBEECCS SRi+472Hi |  Durtion (Hours) 05 13 20 100
uration (Hour) 5 o Seh . Noble Gases*” 005 095 0 0
:ohka.‘:.-- ° ::s :1:5 :—0 |:-ﬂ ﬂj]m%gy&_a‘.b ¥+ ﬂ'it.j’ab‘fli, MAAP ﬁﬁﬂ EP {%ﬁ%{m Halogens 005 03s 0.25 0.1
Halogens ot o & . EOBHBEZBECRE{FEMLTVAEDTHL LEZLRA, Allali Metals 0.0 025 035 01
Tellurium group 0 00s 025 0.005 MAAP AT OFFORSFHEE LT, RO ERA LEMELo M E Tellurium group 0 005 025 0.005
Barium, Strontium ] ooz (%] o - " —_— - . Barium, Strontium 1] 002 01
e s o oas s 0 WAEEL®RTH, BET 7 Rl H S ORFHEYE O MIHFEEIC Nkt pends s 0.0025 00025 0
Lamhaniger ° psi Dons 5 BOTEMT—AFOBOBRELZSHELRHELFMELTVE I L | Corumgroup 0 00005 0005 0
.1 Yalues shown aic feactions of core Imventony. o, IFLEARCEOCTHET 7 ) LMOKIC LD A2 e /28 | Lanthanides 0 0.0002 0.005 0
- G-pui:nciﬂwml long-term fuel cooling s maintained, BEEBL T NI EBETFENRS, MMP 2 — FOBRB T THS » \hluﬁﬁo;;;mhrﬂimr{@ﬁlﬂmrm ;
WD 67 = — KK E < STFOE S MM ST EPRT 76 b, BEEA LML OB DI ST, | o Cop relese 183 percent i long-enm foc coing b musined.
B J‘;Qd‘:}-j-;ﬂ;;"é‘:‘a“ \L‘NJ VB (Gap-Reloase) » . BOMEMICES MAAP FEHTDMRSFRIBREZLS ZABEVHHABOUTOHE NS WO E 7 = — Kk LS IR R TG
il Tof M (Early In-Vessel) ##B7E, nTna Gap . . " » e
ate In-Yessel i O (Gap-Release) k., MSEFORRRRICHE S R TI5#E
Sedinaiy Hg Hﬂﬂmw.ﬂh A _-JrRI‘LI (Ex-Vessel) BOM1 RFIZEH SR EREK LSO EERESAE (Ru BUMo) OHizow ; In-Vessel) Z4fiE
G 4] {Late In-Vessel) &30 oL
g A a T, EEOERMREETE TR <, BRI T8 E 4 3l LB O (Ex-Vesssl) BOF 1 BRICTH L0

EERBEL TH RO EREZBESLL. FTRESSHET2E
BHEBROY A I FIZO0T, MAAP AW A3 BIF R4 B8
OREHTHEE L NUREG-1465 OAE R BT 2L F 1 ok i

éo
ik RPALMESLETFEERIENTSETOY S I YO
wwwwrs PO RS L, R
Xyod mr**mf HARTFERTEETS
iliEh uﬁf"’] £ oM
MAAP o~#21 5 ¥ 201 Fr~¥9 L 4 REAl
NUREG-1465 |»-—;u’* 30 4r~1. 8 B§M

Fmﬁﬁﬁ%iLnﬁ%ﬁﬁﬁﬁﬁwﬁ4 PHITONTH, EIE
RLTHD, SESRARSSKRICHEShD I OFSERIC
RN LML TV,

NUREG-1465 DY — A — AL, {ERAFEEESE 2 0B LT 5,
F Oz, KEIZEWT, NUREG-1465 O Y —A & —4h (LT, IEH
Y—AF—A] ED) EERABEEERREL R UM MOX LTI AT 2486
OEREIZR L. 1999 fEIZ% 461 [A ACRS (Advisory Committee on
Reactor Safeguards)E{kS#icBVTHEHBEH I TWS, £2T
I, ACRS 705, FRERBEREPRELR U8 MOX 58~ H Iz W TR
STy — A OBRB RUER T — 2 ORERSLEL 2 A b
BRENTWVWD, ZhizeLl, NRC 2¥ v 713, EEMICY—2F—
A~DERBIIHVEEZLENS ERBALTNA,

FOH, FWHT =— AO[ERRR R USRS V— 7O HHEE
L5z DR EWEICOWTHMFE XA TOEmRHTEILTEY, £0
B ERI/NRC02-202¢ (2002 £ 11 A)icE L e hABREh T3,

2 ACCIDENT SOURCE TERMS FOR LIGHT-WATER NUCLEAR POWER PLANTS: HIGH BUENUP AND
MIXED OXIDE FUELS

HHEE AR LT ATH, MAP MRT SRS e 2 525

BEMHA,

* Mo OHHBERMEIZDVVT, NUREG-1465 L b BMAAP = — Ko HH

H &% £ <{ -0+ 5.

S, WMEEEEE (B LARLLH) ToVTIE, IPLERT
Iz LM c i & h b e, EiRo@srEoBgiaE vt ok
Zzb6h5,

PLEDZ Lk, FAEMTLOCA+HPCS SeBi-+IEEECCS SR+ 4325
EYHEFELET D) Ao BW TP - BRSO RS 25
i+ 5P, BICMAAP AETIC L AFMERRLBA+TS L, HbE& L
L GREICRTFHTEREL S ALTMREN B D, LoFiEE:RH
FEHEALE B EEZ BN S,

FIT, FLOELWVRGRRE LB IcB AT RFlEE0E
(EE A FRMT A ERIE, MAAP RATIC X 5 FioH 814 o0 SR AlkS S LAk 2,
ST ORFISIC LIEM S TV ANUREG-1465 CREO B SR HE
BL (NRC) TEEh=bOTHY, KETLIETTZF b
FEOBEIE) 2 & LT, PRl R0 B o &« Rl THEE &
HTWa) OMmBEFATAIEOE LE, ZoZ Lizky, TH Fi
PEEFE-FFAEEFTEHOERICL) RGN TEL 22
Do

g, WL —4 R TRREMTLOCA+HPCS SeBit+HEFEECCS Sf+
2MENBREES) 2RV T, FHFEk#ESMERTER2VWLD
LIE Li=\&Ickir s, EORENEN S, BRFIREHERS R
THETOMMP fEITESER (FOo¥F L WBER#EAE LEREIC
Bit 3 hhfl@Eo BEEFMC BT AMEEKY T 4T, Y%
B —r ACBWTRFFEKEEEER TS 2L I LV RETE
FEAEBWHEITIZESLRVY) LNUREG-1465 OFR5E D HlkiT#2-3-1
D LBV THY, NUREG-1465 OIRE LMAAP MEfTOFSERIZK &4
Eixin <, AFEMIZF LV TNUREG-1465 %0 R I2(H F "THE L HMr L
T

NUREG-1465 @ &REFIA LizRE OB & 0l R+ #£2-3-6

BEUBELTHLPLIEMEBESLL, ETRESIMETLSE
SHBOY A I T2 T, NMMP 2F W RE ST 3 215 O
WEH L NUREG-1465 MMMEX g2 L, Fo 41RO LBY ks,

W 2-4-3 e pERIREG D R
i
-J‘" { -
Feth &5 B f
MAAP BEHTERS S O~ 19 57 #3919 43 ~#1 1.6 Wik
NUREG- | 465 O~30 304 ~ 1.8 EfH

IFLEMESE VR TFEEREEOY 1 2 7 20T, 1EER
LThY, BESRERBERKRICHEHENSTHORSERIC KA
Eirfn LML TNS,

NUREG-1465 @ ¥ — R # — A, ({EHEBEEERREI 2 M @IZL T35,
FD78, KEIZHWT, NREG-1466 OV —AF—n (LIF, [E#H
V—=REF—h] L)) EERBEREREGY T L - S0 =T LR
SHeE N ER T 2 RS OB ML, 1999 (25 461 [E ACRS
(Advisory Committee on Reactor Safeguards)E#SEic BV THERE
B ENTWS, T T, ACRS vh, BREEEMERGY 7 -
b= ARG E AP E e~ O AL oW THIBTT B e IS AR
V= DUREUERT ¥ OINERLE L bR RERTY
5, ZhicHL, NC AF v 71k, EEMICY—RF—L~DEEIL
RNLEZLRALRHALTNS,

F Ok, B 7 = — X ORI R G S v — 7 OiuhE &
L5 2D ERFICONWTHEMFE AR A TOERI T TEY, £
AV ERI/NRC 02-2022 (2002 £ 11 A)icF L ohaBEhTna,

71

* ACCIDENT SOURCE TERMS FOR LIGHT-WATER MUCLEAR POWER PLANTS:HIGH BURNUP AND MIKED
DXIDE FUELS

[Acfi] 850 ARAT IC X

S

[k#E] =Moo

i

[ i
ikt

] ®ilkER o

59— J£-216




AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER)

AR P UL RE M D R

’H‘ £ andides,

ﬁ BN, S U3 R PR (BCRT 781 l)
MW%ﬁmefﬁﬂmuMan;

(RRWE it

KERFEERS 4 FIF

HNRF A SERT 2 BiF

% BT 3 FiF

FHEE A

IOEBORREL LT, LTICRTIEY , kT & WREEE
FHEL T OO, IR AR R U MK BB I LT R ERT Y —
AB— AOBAICOWTHEEZ LTS O TRV,

i hysical h f the revised
Finally, there is a gm:ral Xp that the p and | forms o
source terms as defined in NUREG-1465 are applmlble to high bumnup and MOX fuels.

(ERUNRC 02-202 ¥4 &)

B SN B RBE BN, IREHES (R Bk HABEE 75 GNd/t,
D IEEIPRBERE 50 GWd/t &L LT5,
HMFEARLOHBOBRLE LTRSNE, &7 =— AOREEER
EVBRHESA~ORHE &I 2T, B 1oE 1-1 #iZRT
(ERI/NRC 02-202 Table 2.1), BHOH v I NO(EL . NUREG-1466
DEEFRLTHS, £, SHOFEIFE—OMIzZHEEshTHhao
I, ARAVHTE—OREREGE Shih o B8 1081 5 FHME
OWRETH S, ThThORIC ST NREG-1465 L& < —FL
TD ARG ARV AS, NUREG-1465 Hbh k&< B s L 9 7 Milix
BEI TRV,

(Gl

P EosoRE L LT, ERI/NRC 02-202 Tit, BlAL®EXD
LBY @B EHC X L T8 NUREG-1465 @Y —RA X — LEEHAT
xHbLO LRI TV,

s, KEOHBIEMETHD Regulatory Guide 1,183 (23T
L. NUREG-1465 FCio0btHFE &4 Pk TRk 626Wd/t & TOHEE
FEOHEE CHATEALDLED TS,

% ] Release Fractions”

The cote wrentary release Bactions. by mdionuchide groups. for the gap releme aud eady
in-vessel damage paases for DBA LOCAs are listed in Table 1 for BWRs and Table 2 for PWRs.
These fractions are applicd to the cquilibrium core inventory described in Regulatory Posstion 3.1

For non-LOCA events, the fractions of the core inventory assmmed to be in the zap for the]
various radiomus lides are given 1 Table 3. The telease fractions frow Table 3 are used in
conjunstion witl the fission product wventory calenlared with the maxmmm core madial peaking
factar

“mrmh::m. im:-uzh:mbm Mumb bencevumumnn mamr\'wnd L“R uelmm lpe!(

%mﬁbﬁﬁ/—za A%mﬁﬁﬁﬁﬂl_ﬁmﬂ"éwmﬁﬁk
# LTHRMMTbhTEY, 2011 £1 Ak, 47« 7TEIHR
b MESENHEh TS, (5AND2011-0128%)

R ERE ORHBIER. 10§ -2 RioRTeB0, B
PR OF L FE L RRD LOTEANW I LAWRERL TV,
O e, HERICEWTIX, NUREG-1465 0 5k BE A kol
BAIZoWTHEENZ LOTHEHAWEEZS, F 4 HiZFhbeoTF
— S EEET S,

3 Accident Source Terms for Li
High-Burnup or MOYX Fuel

ght-Water Nuclear Power Plants Using

2T,
#2-3-1 MAAP AR BT SRR & NUREG-1465 O JRIE o Ho#2
EEERTOHE ML, ¥y o7 u_,| qﬁ,ﬁ S L TR A T
ORI A e & f D EE i i il |
MAAP #1555~ 30 H® )30 5~ 3.0 W0
NUREG-1465 ~30 4 30 2 B

1 LS (RN R 10008) ~4PL0TERR b (R IE PRET RLE 2500K)
#2 EFEARRESER T2 2V L0 L EE LisSEic i S B e S S e m

EMANP AZFE Y N — 7 ORI EE 0 B RS IR F G IR LT IR
LB,

1. EHAIN—F, Cs1 Yn—7F, CsH Y n—7

FH AL GO HEROEE S AV —T o0 T, RFPBRAE
BT A4 NE Sy PRA~OHEHEE, RFEEHESD S R RERR
FIFH~OR A2 WEE L L ICMWP BT O RS L HE S 2
A5,

725, Cs OMHEIEICsI Y A—F LOs0H Z — 7Dt E 4
RV E#ELCs TREOEERFERABR LY, LToREHANT
T 5,

FoT V= Froud T )+ M M, = W [, < (Fe (T ) = Fru (T
Fa (D B¥ Tichit st o hoiiling
Foor (T) : F§8ITi28 o D8
For (N - W8 Tzt S Gl 20 ORI S
M; RO | RO LN MR R
M s PEILIE O Cs TTREOIF L P
wr 1 o1&
We : Cs NIk

1 MAAP =— FTIMESE - HEOHEELEZ8 LEEE /v — 75
FTLTEY, F/—70MHEEIE, YE% S v—7DEIERF
AR MHEROLE L A2 L THELTW S,

W2 FERR S — T ORIERFER PR I T O EIEC L VEEEL T
Wa,

(D ORIGEN =— Fiz k VT L 0y ER 25 5.

@ OoFHiz b &z, RFCERZE L&Y, ExfoBERE
T A,

@ @OREREEMAP =— FioA > v L, MAAP =— Ko T, &7
FOEHORREFET 5.

@ HledPirFE2-3-2 ILFRTERE/ V-7 ICRT A L0 L L TER
LTWa, B V—7ORANERIL, YEoEE7v—7i
BTakahoFRNEEOfmE LTEHEL TV 5,

IOmMBEOBEREL LT, UTICRTEY, i~ BEfFEs
FETFehTWaL00, MBREERRREY T2 - 70 =7 LR
SR LT L ESH Y — 24— A0BAICYWTEHESh
TWE LD TR,

Finally, there is a general expectation Mﬂnphymaluuidumml forms of the revised
source terms as defined in NUREG-1465 are applicable to high bumup and MOX fuels.

(ERL/NRC D2-202 54 #0)

A SRR, AR S R oo dR KHABEEE T56Wd/t,
1L EIRBERE 506Wd/t 20t @ L LTS,

BAF AR ALOEROERE LTRERE, &7 =— X0k
MR GEHERA~ORHEI S 20T, 1 05 2-4-1-1 &1
U 2-4-1-2 F#IZFT (ERI/NRC 02-202 Table 3.1 ETF Table
2.12), #OH v IaNOHEIL, NUREG-1465 DEETLTWA, &
2, BEROHESR—-OMICHREEh THhA0E, AFARTHE—
DYEREGE SN BESCBIT 28 EMFOHBETH S,
FhENOEEIZ DT NUREG-1465 + £ —BL T3 L3R4
VAR, NUREG-1465 b KE < BA L L5 REERBREI LTV
W,

PlEomisofERE L LT, ERI/NRC 02-202 T, BlALAEHELO
LB FRREERE RS L T NUREG-1465 O Y — A X — L EFBERAT
AL 0L ERMAT TS,

feds, KEOHEKEETHS Regulatory Guide @ 1,183 2B\ T
IE, NUREG-1465 FR#o Mt B &2 EHE TR 626Kd/t £ T OB
BEOMHMECEATEALOLEDTNS,

311 Release Fractions™

The core mventory release fractions, by mduonuchde groups. for the pap release and easly
in-vessel damage phases for DBA LOCAs ase kisted in Table | for BWERs and Table 2 for PIVRs:
These fractions are apphed 1o the core v described m B + Postion 3.1

For pon-LOCA events, the fractions of the core mventory assumed to be m the gap for the
wvanous mdicouclides are given m Table 3. The release fractions from Table 3 are used in
cogjunchion with the fission product mventory calculated with the maximum core mdial peaking
factor

%@&BE%} AP — LT BRRERBCY T T b=
GRS EHE S EHOER T AR & OMEIC X Lfiﬁﬁﬁ=hbhfh‘
, 2011 1R ITiE, YT 4 TELWERLEESHHENRT
ws (SAND2011-0128),
BHRBEBERELE Uy 5 > « 70 b= LIRSER L ikE o B HE
Ak, BHE 1 OF 2-4-1-3 BRI 'w% 2-4-1-4 FlZRT LB Y, ER
HEEREOTN L E L AR LOTERAVWIEBRERLTNS,
IOk, WEMEICE N TIL, NUREG-1465 O RAEEERE

T T b= 0 ARG OBRIC OV TEE S NS bO
TRRVWEELD, H 44 FICThbOF S BET 5,
¥ pecldent Sorcs Terms for Light-Water Nuclear Power Plants Using High-Burnup or 805

Fuel

[ZNl] KEREH DK
3

f§tof8

[KfR] i

e

ey =F b

[@iELT
DR kR
ol
[A8R] BE L=t
T
[AfR] @E L
FE
[AfE] sE LEEL
TR ik

59-1# lL-217



AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER)

ﬁ% B, A U DR (
"I ';:l[ rEE ]

’f}“r

(Bt oo FE:E)
HOHEE (FRls

. AEAFROmE "—EE{PJJ RS L)

OFEE)

KERFEEFR 3 4 5IF Z)RF 3BT 2 HiF B%E BT 3 & 4F FAEE
S8 ERER S A— T O NNREE Wit # SRUIMTOBMER~O RN G OB [&IN] R E#R DK
B EHRHBMTOBRHES~ORHBSOER s i i Gl i 3
ERL/NRC SAND _ i -tz g 20110124
NUREG-1465 02-202 2011-0128 ! P
(RIS L) * | (RIBRMEREIRED . I B i inabl adidon conouitil

i A A M 1.0 1.0 0. 97 WA A 1.0 Lo Lo 0,97 0, 96
I 1] 0.75 0. 85 0. 60 I Ea%si | oS 0,85 0. 82 0. 50 062

CsH 0. 76 0. 76 0. 31 I Tesl 1 Cs 5 | 07k 0. 75 75 0,31 0, 55

¢ BEOESHTFRSATVOE Y, TR L # o OWEOMLNREESRTOSEY, TS ER L

PEoEsic, kT ~2BRFEAHLIL00, REOHMRT
i, EEEREA IR L TLERH VY — R — LR TESIhTWD
b O TRV D & 25 Regulatory Guide 1,183, ERI/NRC 02-202 E(X
Sandia Report IZRENTWVA,

K 3,4 BIFOBBHESE (V7 E) ORBREEREIL, 55
GWd/t CdhAHZ EH6, ERI/NRC 02-202 (23507 A8 FEEEE . #REH
RO B PEEEE 75 Wd/t B 1 Sandia Report i FRHEH. #AEHE
EEOR AR 506Wd/t & B LBRAENICH S, e, il
3,4 SIEOBEHEORBIBEE L0100/t THY . Regulatory Guide
1. 183 |Z/R&h 2 A, EHEO MR 620Wd/t OEERN
Itdhd, 2O, KR 3,4 BIEICHL., ERETEShHL T
Eﬁy—za—Amﬁmuﬁﬁaﬂﬁénéo

[Fi3, 4845 % Lo&FE (CEmM264 2 AREIF AR )

ERI/NRC 02-202 |Z;REh7-mgtHH& O EIc>0 T, HEMEO

RbsydhTwAZ &, Sandia Report RMOEEIZOWTH, MO
PREHZ DWW TIHE— OB MESROR 2Ss L Lt XEs

BU, ¥E NRC A —YFAf XENbOTiRenWI LEEE L.
SEOFHRIZE VTR, NUREG-1465 OEE AV,

2. BT N— T ONRIZONT

NUREG-1466 OFf#ABEEEAEIOEA Ic>W Tk, ko Ldsp | 8]
EOHRTIE, TESRZLOTHARNLOO, FREEEREHZ -
% NUREG-1465 M M+ 2 EMFE TOEIO . T, NREG-1465
CHARTREAHEEES P REBSATVWABE/ L — 055, FEE
i CAWEEF A TORMEICEW T, Sl L— T DONRERERT
<3

RS (CHOH S h s e EIC o+ 2 v — T ONREURET
IFREBAOHE Y E) b0 H 2 =BIC L A0 Rl i GRER O F
FRUADA vy oA ARRICHT B A—TORNREELTRE
5 BRUE 6 EICRT, @IEEEE 45 NUREG-1465 i I
BE+A2EMECOREBOP T, NUREG-1465 [ZH~_THhE AefHElE
PBIREINTHD Te PR HiZHOWTH, 8565 #RUE 6 #HioF
T LBy, hhplEEREEFMCET A FERSINEL B

2. FhAOEES v—T

o EERMEOBE A —F IOV TINMP BiIfORESLhE
HHBI S EAET, MAP BIFOEREN 560 OitHEIE
FoH AT N—T ORI B S B UNUREG-1465 @& B A2H A LittH#E
FHmT 5.

(1) RFIFBMESR7 4 V70 FR~DOHHEIE

HHEE OB LIRABO A TR LR L L, Cs OMHE
EloxtT 5 Y Y Lv— T O BSOS, 168 BRSNS
IZEBVWTNUREG-1465 TGN EEIZHFELIVE LT, ELTFOFMER
ICHESEFEM L, #2-3-7 RUS2-3-8 [TNUREG-1465 TFHii&h
= TIPS A B~ O B & & T,

PEkoXiic, MRktREBREIELRHLILO0, REOHRT
i, TR R I ) b= LiREEMEBREHCHL T
LbEHY R —LERFEESNLTWSLO TR N
Regulatory Guide 1.183, ERI/NRC 02-202 F:UF Sandia Report |27 &
hTuna,

m%aﬁs%ﬁWﬁﬂﬁAwmﬂmﬁﬁﬁm I T
BeGWd/t, W F i« T b= LIESER(LYEEEIT 466Wd/t THB T
Ling, mumcmzmhﬁwéﬁmﬁﬁ PREHE &t O I
756Wd/t & TF Sandia Report O MIREEH, JABHES fho B FAKEE
50GWd/t &b LiBAEERNIZ B A, Eo, HEET 3 SIEO Mk
OB EERIEEE XY 5 BT BICWd/t, 7T s T b= U LIRS EE
{4 iis T 536Wd/t Td Y, Regulatory Guide 1. 183 (ZR&ENL 58 A
§BEE, PAEME OB IREER 626Wd/t ORBENICH D, Z o, 1%
FAr 3 S FEicA L, EREFESh THWRWEFY—AF—L0OER
ITATRE L T E RS,

ERI/NRC 02-202 |Z7R & iz @& O#EIZ o0 TiE, MR OE
RbaihTwadZ &, Sandia Report Mo {EIZ >\ TH,
C b= MRS B EHC OV TILE— OIS BOBK A
KL LefRiTicE FE-TEY, RXENCICA—YFA4 XEhizd
DTEAVWZLEEBL, SEOFMICE O TIE, NREG-1466 D%
% fv iz,

7 i B i ke

5

W

2. BEMES NV—TORRIZONT

Nmmlmsmmmﬁﬁﬁﬂ&**' s« v b= ARG ERMES
Lo RIC oW T, ahko s, ﬁ&‘@&ﬂi‘@ii TEENS
smru@msmm TR IR FEE R T 1) « I b= MBS

HMWnLﬂffNmmﬂwsmﬁmhﬁféﬁﬂ%rm&ﬁm*
T, NUREG-1465 [Zlh~TRKERpHFERBEIL TV A LV
—7 b D, FEMETHWEETATORMBICEWT, S#BEI—
TONRAMRT 5.

BREEIC A Eh 2 MO ES R o+ 2 2 L — 7 ONERE TR T
BB OSSO N = #i & 5tk HliE s G RREO E
BH R ANA A H = wﬂhﬂﬂ‘é&%ﬁ%xv—-?‘wﬁ
REFNEFNE 2-4-5 HRUE 2-4-6 BIZFRT, 7
»ﬁukrﬂMhLﬂféNwm1w5®ﬁﬁkﬁ?6$ﬂifwﬁ
O PRT, NUREG-1465 |ZHE~ TR ERMHFISHREIN TS Te
R Ru BBl DT, B 2-4-5 ROV 24-6 FlomRtT By, B

h =1

[K#R] @& LiFEL
DA
[XfR] ZBELLPL
o
L=
A

el L7,

55;'-.4&':_. K,

[XiR] #E Liimd
L
[HRfR] BE L fEL0

DA

[R#R] @E L& EL

e
DTHE

59— £-218




595 EEAPFETIEREEICL LESEDORE (HEXTER)

AT 3 B4F SAKEESH Hilk

WA

L 7 L L

ARl OE
R B

LES

(Bt O FEE)
SR, RBAFORESE (EEAHEES L

(RO i

KERFEERS 4 FIF

% BT 3 FiF

FHEE A

il kE RESERIFT LOTIERND,

(1) BREEICHH En 2 ESEONRIC oW T (1-131 S EHR
B oy BF R0, 5MeV HME)

o il 1S P9 R UGBS R0 BT < BRI i 31T AR
EN S A EIZ o \WT, NUREG-14656 (ZREND @S v —
TOHRRE LT 1-131 SMBERERE Uy B R0 0.5MeV BB
&% 5 #iord, 11131 SEERBEILT 0l v (X5 FHE) &
#162%, Cs DI 16%, FOMPBFI 2% LieoTHY, yBF
A0, MeV MBI AEI 92% . ~uaFr (LH9FE B0
6%, Cs M 2%, FOMBH 1% &2 TNS,

FOHF(/2) BEICRHENSHHEDEOSEE Y Vv—7ORR
(1-131 SimARRE)

Al 7 L— V{H‘.ﬁ‘mﬁ‘ii e r{a.:rl'
Xe i # 0.0 0
1 %i # 7. 7x10° 62
Cs ¥ £ 1,9x 10" 16
Te $ #1 4.2x10% 3
Ba §i 7. TX10% 6
Ru % £ 4.9x 10" <1
Ce %8 #1 9.4x10% 8
La¥H £ 5. 7x10% 5
ait #1.2x10" 100

(E1) 7HMERRLE
({E2) AHRESHBELRBENL 2HiICADE
(E3) KEREFHISFELZ4BFO 1 EH 0 Ot HER

FoR(22) RECAHENSHHEHEOFER Y L — 7 ONR
( v #c L 0. GMeV #IR)

A — et E‘r’{&?ﬁt}fj' MEs e 9 [:-:,11;
Xe # Lox10" 92
14 # 6. 1x 10" B
Cs #1 # L7x10" 2
Te ¥ # 2.9x10" <1
Ba % # 2.0x10" <1
Ru ¥4 # 8.6x 10" <1
Ce Hi # 1L3x10* o |
La % # 3. 7x10% <1
it # 1. 1x10" 100

(GE1) 7 HMARRLE
(FE2) M I HTH 2 WAEA L 2 H 7 il
(73) REREFT 3 FHE XL 4 50 | i i 0 O Fh e &

#1

LRFHRER 2 FHIF
F(T)=Foy, TV 1/ ve » Fe 1580 Fy, .. [1650)
Ein B TICET S & H O MWW A —FOREEE
Fote el T) : B8] T2 B B /T A N—T DA E
» t NUREG-1465 (511 5 i FHOMAP B 72— 7ICHET O 8R
7 —T DR TSN ~ O R G
Yo ¢ NUREG-1466 (2231 & Cs (TIN5 8l 7 — T O fE SN~

it

o B HEEOSEE S V— 7T, B oRERRR E -
TWAHEZPARIZL A VBB B S Wb DL EZ S
n5, 2Ok, BHESRY OB L OBINRHITIE
LAERS, FHOMICFEFFEHESNCIEEh, EFFP
BMERSHERBCEELTWD bOETARKERICHH =
HrlEZEND,

MBSy Moo - BRBERIIFE T FEHERS
HErbSy b T4 VAT HH, TORAOHLS, Tib
LB & OERMRIES BV, B FEFFEHERSE
IR LT 0 BEE S & OB A A8 A2 Wl 2 0B #I
BORLBNIGEVWEELZ RS,

bz Eoe, - EBEEEOBEE A—T 0O [HRH
B aHHEE] 1k, T&REHCBTEs/HA AN —T DK
#E] IclfTE Lo & L,

(2) RFiFEMas) bR FRBRFRTFFE~OR 2O #E
HrHEE OB R S BOECs LR L L, Cs OfuhEE
IR AU L — 7 OB SO gL, 168 FERRBR RIC
B TNUREG-1465 THBNHERBIZELWE LT, LT ORMERIC

S L=
FT)=F(T)xL-
Fe:
Fin cEY TICET S i FRO WP Y v—T DR INEE
T ¢ NUREG-1465 12 HiT S i ZFHO MP B YA —F oY+ o BN
¥ e—F DR T PESEEN~O T
ro + NUREG-1465 (23511 S Ca oS+ 5 B2 v — 7 OB En~

OE S

Sl s EEEFRC BT AT EE S NE L, BEEFHIoKE 2
HRERITT LOTII R,

(1) REBEICH &h 2 BHEME OPNRICOVW T (1-131 SRR

B, oy BT FR 0, SMeV HLUE)

o g il S P B U GRS o0 12 < SRR R a8 1) A BRI I
ENAHHESEIZ OV T, NUREG-1465iCRE NS @ L —F
DR E LTI S MBHRE R Uy e R X0, SMeVIRED{E %
FI45RITET, FIBIESMEREII 0 i (K 2FE) BN
92%, CsEB2%, FOMPHEUNLLEoTHEY, yBoFLFX
0. SMeVHREL 1T M A A #093%, ~a Ay (X 5FEE BET%,
CsHEMH1 %, TOMBHN1%LER-2TVD,

We--5d (1/2)  RBLICHH S H 0 MRS o & RS L — T oNm
(1131 % i )
SR — Mt M B P
(Bl (%)
g g | #10.0% 100 i
L5 i i 7. ux 0P 0z
Cs ¥ # 1. 7= 10" 2
Te i fFa.axio" <1
Ba 1 #16. 1% Lol <1
Ru i 5. 9% 10" <1
Co ¥ 2.2 10" | 3
La & # L Tx 10" 2
£k #8 6x 10" 100
(TE 1) 7 F B

(iE2) 2R AT

i B 9 T E 2 T

2452 (2/2

BENC M S S B o S R — TR
[ 8o L —0, 5MeV 1Y)

W e dich ol T 3 A iR
(g} (%)

B A 2 #8708 X}
Bl 2] 6 2% 101 7
Cs 4 # L 710" 1

Te ¥ #5121 108 £1

Ba $ ¥ T 0 1

Tou #1 #9.9x 0" <1

Co 1 # 1. 1>l
Liv ¥ #aoaxioh <1
&k #yoga10" 100
(FE1) 7 6 OF b

(TE2) fhhTa rE AT L 24 duh il

[ZNl] KEREH DK
3

[xR]
8 B BRAR #0048

BN |

TSR 75 oot il

[HA]
TEBIRRAR i St &

59-1# L-219




EF 3 BF SAEEESH HEsE

595 EEAPFETIEREEICL LESEDORE (HEXTER)

HeE

E - B, W XS AR OTE (B HE D)
# - EMRIE T X (e MY B0 i

AodEi, EAFROME (EEASMEERL)

b1 )

FOFHIE)

KERFEERS 4 FIF

HNRF A SERT 2 BiF

% BT 3 FiF

FHEE A

(2) BFIEREBAOHRSHEME NS DN < #ic L5 hhflifisE A
B OEER A D A v A ViBRONRRIZONT

ch Sl e AGRISERF OB 1 < BRI R ICB 1T A R R B A O
HEHEPEDEERRFADAL v A Hr~vBiZ20 T,
NUREG-1465 IZRENDEERIN—TORRE S 6 BioRwd, &
HABENRK 64%., ~abr (L5 RE) B 26%. Cs I
6%, FOMH 6% LTS,

Fok FriERENORHEHEILOH - wRIZLD
P AGRIEEF OB I < BElic B AR ER S L —T ONR

HERE A v AV BRE PER
By N—7 (1, 2) (uSv) (%)
M A48 # 2.9x10° 64
18 # L2x10° 26
Cs Wi # 2. 1210 5
Te H # 8.5x10° 2
Ba i # 6.6x10° 1
Ru Hi # 2.6x10" <1
Ce 8 # 5.6x10" <1
La # # 7.5%10° 2
a it # 4.5x10° 100

(fE1) AHhEE3THZMUHERA L 2H- 7=l
(f£2) KEREFIFFO 1 EHEVO T HHEERE

W2 B EEREOBRE S A — 7B RSB ERN TR R T
LLTIRD Y, MFECHRMEBRAT LA HIZL ) SHEH» 6
BEaxhdbEZONDE, £, HHBAR, R IARAES
OFRE»EORESEAZRIIFEFFEAERI OO
LA ER{RdbDLBLEND,

AFMTIEL, - ERBEO SRSV — 7 FEE, HT PR
BBATHTFRYEL LTREShACs #_FL LTERL,
e EEREEOBEES V-7 0 [ERAICE TR VS
, [FRIEzE A ORAVEE] AT LD LEL
y i

F2-3-3  MAAP ARHTIC L MRS o TR R
(FLOF LSS E L8351 S o BHEIEAF IS8 L2y

P EHE SRR D
S - EFERAER T ¥ L b FReOii
(&R S0 168 EMIER )

FHf 2 #uax10t

sl ¥ L sx 10+

Tell Frasx’

S0 BaTxio?

Mok, ¥L1x10*

Call #1Lzx 10"

] B2 EXY

LDy 4 10

Coly M4 X 10

St HZ5x10%

Te: (1]

Ui [

£s™ ¥rLexiot

Bl Cal FA—F L Cstll X A—7ORHBAESHCEE (REXIRE | EEH)

2204 TMI WRLERICITEE S oM EREOEF T L oFER

(B %)

- s LR AR

ey Mpy My WS Ry ing, e, e MRy
RTFHR

EPHES LT R R | R 7 =y uvd dn 4 el
L - - - ] - oz ] 1 -
LT P& £ TR | o0 - — 21 (4] oy 47 nt B4
LLE L = — — ol o7 5 £ -
& i o 1= ug a3 M 118 95 o B

! RO | AR SROFS Y e b TR n b, © oo RIEIRGS vt -k d
LAZHNMRE - TL 2. Ldlat, Zoe@WEhe 104540 b I -0 AN THI LN &,

M TMI-2 SMOMEFLRE (RS, $LKN BERE AR HFEE Vol32,
No.4(1980))

(2) FFIFRENOKSEEHMED L0 <RIk D hhfliE=s A
BEROEREY = BEUVANAL vy A =B EONRIC

2T

ch Ll R AGRIEE R O# L { R RiIC BT 2R T IFEREBA O
HSHESE NS OEEN v B RUAD A v A U =i
VT, NUREG-1465 (27 S 5 iR 7/ 1V — 7 ORIRE ) 2-4-6 3
ot WARESHE%, ~udr (L H5FE) B 85%, Cs

HHHIS %, FOMPBKIEN LESTND,

W46 WrRENORHESR oY - sRIZED
o e B 0 2 A BRRRR ) MEEE < IS 0T A BT L — R

B WL A A v 2 M il MM
H 2 — 1l 0 r-\;;
(mSv)
TS | [SERESTL
R T ax '.u-f- 85
CsTH a0
Te 8 #lLaxi
B 8 #axe 2
R 8 # b 1x 107 <1
Co ¥l FR ST <1
La® & 1. 6x 10" 2
it #8610t 100

(PR 1) W in@psE A D M AL IS 350 S T 0 RIRT RS
(E2) fAMB 3N ZMEEA L 2R A

[ZNl] KEREH DK

3

[Hhi]
TEIRURRAT i 48 i

[l
(LSRR 45 o8 i

59— J£-220




FF B WA XS RHORE (B B0

8]

AT 3 B4F SAKEESH Hilk

595 EEAPFETIEREEICL LESEDORE (HEXTER) : AR,
KEFEEHR 3 4 FIF ZNRFHREFH 2 5IF % BT 3 T4 FHEER
[#)1] K EHDK

3

#2-3-5 WS H D SEATEER SR Sh R o e R

# Z(REIHP (httplfwww topen co jpiee/press/11040608+ html)

# 2-3-6 NUREG-14
WL LVIRIESAEE L8

VB E RGO EEES ol S
PICEIT S AR O R EER R )

RS-

A=

Csl #71, 3% 10"
Ted #2.4x10
S0 ¥99.5%10
Mo

CsiH 2% 10
Bald ¥19.5%10
Lasl 105X 10
Colly

b

Te p

L, [

Cs® #1 1. 2% 107

#1 Gl MA—F L G YA—7ORINENHIE (RERI8S 1 48

DR A O WAAP
WEC SN L

59— 2-221




595 EEAPFETIEREEICL LESEDORE (HEXTER)

EF 3 BF SAEEESH HEsE

KERFEERS 4 FIF

ZREFHFEERT 2 BIF

% BT 3 FiF

FHEE A

T

ISR G E:
0
Tels, b, To 0. 05
Sri), Baf) 0, 02
Mol 0. 0025
A, Uy 0, 0005
Ly 0. 0002

NUREG-1465 7 Tabled 12 | Gap Release| ¢ fi
NUREG-1465 Tit, [Gap Release), |Early InVessel), "Ex-Vessel
InVessel) %Wt~ - — X

|

L

Early In-Vessel

Wi
50 03 0l "% |Gap Release) RTF |Early In-Vessel
oo
# 2-3-8 NUREG-1465 (fkfe)
Table 38 Revised Radionuclide Groups

Group  Title Elements in Group

1 Moble gases Xe, Kr

2 Halogens L Br

3 Allali Metals Cs, Rb

4 Tellurium group  Te, 5, Se

5 Bariom, strontivm  Ba, Sr

6 Noble Metals Ru, Rh, Pd Mo, Tt, Co

7 Lanthanides La, Zr, Nd, Eu, Nb, Pm,

Pr, Sm, ¥, Cm, Am
B Cerium proup Ce, Pu, Np
Table 3.12 BWR Releases Into Contalament®
Gap Release®**  Early In-Vessel Ex-Vessel Late In-Vesscl

Duration (Hours) 05 15 30 100
Noble Gases*® 008 085 [ 1]
Halogens 005 0zs 030 ool
Alkali Metals 0.05 020 0as un
Tellurium group (] 005 02 0003
Barium, Stronium 0 (1] ol []
Noble Metals @ 00025 00025 o
Ceriam groap o 0.0005 oS (1]
Lanthanides 1] oo 0005 o

ctions ol care invent

* Vislues shown are fra ory.
=* Sce Table 3.8 for 2 listing of the elements in each proup

releasc is 3 percent if bong-term fuwel cooling is maintained.
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TABLE 1
TABLE 1 Physical Conditions Common to All Spray Experiments

Physical Conditions Common to All Spray Experlments

Volume above deck including drywell | 21 005 ft* 565 m*
Surlface area above deck including
drywell o 140 £t7 568 m”®
Burface area/volume 0.203/ft | 0.968,/m
Cross-section area, main vessel 490 n* 45.5 m*
Cross-section area, drywell 95 nt* 8.8 m*
Volume, middle room 2 089 1it? 59 m?
Burface area, middle room 1 363 ft* 1279 m*
Volume, lower room 3 384 1t? 88 m?
Surface area, lower room 2 057 ft* 191 m*
Total volume of all rooms 26 477 it 761 m*
Total surface area, all rooms 0 560 fit? 888 m*®
Drop fall height to deck 33.8 It 10.3 m
Drop fall height to drywell bottom 60.6 ft 16.4m
Surface coating All Interior surfaces coated with
phenclic paint®
Thermal insulation All exterior surfaces covered with
1-in. Fiberglas insulationb

*Two coats Phenoline 302 over one coat Phenoline 300 primer.
The Carboline Co., §t. Loals, Missourl.

Bl = 0,027 Btu/(h 1t7) (°* F/It) at 200°F, Type PF-015, Owens-
Corning Fiberglas Corp.

Volume above deck Including drywell | 21 005 £#° 505 m?
Surface area above deck including

drywall 6 140 n* 569 m*
Burface area/volume 0.293/1t | 0.958/m
Cross-section area, main vessel 490 ft* | 45.5 m°
Crosa-section area, drywell 05 ft* 8.8 m?
Volume, middle room 2 089 ft? 59 m?
Surface arca, middle room 1 363 1t 127 m?
Volume, lower room 8 804 17 86 m?
Surface area, lower room 2087 n* 191 m*
Total volume of all rooms 26 497 1t 751 m?
Total surface area, all rooms 0 560 ft* 888 m"
Drop fall height to deck 33.8 ft 10.3 m
Drop fall height to drywell bettom B0.5 #t 16.4m
Surface coating All interlor surfaces coated with

phenolic paint®

Thermal insulation All exterior surfaces covered with

1-in. Piberglas insulation®

*Two coats Phenoline 302 over ona coal Phencline 300 primer.

The Carbaline Co., §t. Louis, Missouri.

bk = 0,027 Btu/ih e ) (®F/it) at 200°F, Type PF-615, Owens-

Corning Fiberglas Corp.
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so-called "quench” iemperature. At lemperatures below this quench lemperature the kinetics of
gas phase reactions among CO, CO,, Hy, and H,0 are too slow o maintain chemical
equilibrium on use’ul time scales. In the shamp drop ereated by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively "frozen” at the equilibrium composition for the “quench”

so-called "quench” temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H;, and H;0 ar too slow 10 maintain chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are cooled 1o such that the gas

Experimental evidence suggest that the "quench® Whllﬂlﬂlmx The value of
the be y d over this range for

(6) Solute Mass. T!:mufnluﬂhnﬂ]mﬂ!mﬁyiummmmm
g not beesy d fully in the exp done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 p/kilogram
Hy0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

ﬁleuulnntfmﬂmurnnpmmﬂmmlh:m
water,

poolwmlwmum on the

this valume fracticn could become qdu: Maodels available fm this study are, however,
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 1o 0.1.

(%) Density of Suspended Solids. Among the materials that are ’pa:iedlnmk:uplhc
suspended solids are Ca{OH), (p = 2.2 glem’) or Si0; (p = 2.2 glem”) from the concrete and
U0y (p = 10 gien?) or Zr0; (p = 5.9 glom’) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 10 6 glem’. The upper limit is chosen based on the
assumption that suspended U0, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material susponded.

(L] &m_‘[m The surface tension of the water can be increased or decreased
by itude of the change is taken here 1o be So{w) where § is the
weight rmmummmm. The sign of the change Is @ken to be minus or plus
depending on wheher & random variable ¢ is less than 0.5 or greater than or equal to 0.5,
Thus, the surface kension of the liquid is:

o(w) (1-5)
o(w) (145) fore =05

for e <05
ﬂl'

where e{w) is the wrface tension of pure water,

(10) Mean Acrosol Padicle Size. The mass mean particle size for acrosols produced during
melticoncrete intemctions is known only for sitations in which no water is presenl. There is
reason 1o befieve smaller particles will be produced if a water pool is present. Examination of
acrosols produced during ions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.

is effectively "frozen” at the equilibrium composition for the "quench”

B%1-1 NREG/CR-5901 DR |

so-called “queach” tempeniture. At temperatares below this quesch temperature the kinetics of
gy phase rcactions amosg CO, COy, Hy, end Hy0 ar oo slow te mainmin chemical
equilibrium on useful time scales, In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are cooled 1o such thal the pis
wmmmmuﬁamvdr *frozen* ulicnq:nilmwn mmiunul‘u‘m quench” temperatare.

Expmmmm evidence suggest that the "quench” n:mpemure is 1300 10 1000 K. Tlla value of

the quench temy was d to be d over this range for
the calculations done here.

(6) Solute Mass. The mass of solules in waler pools g core debris attacki

has not been fully in the donel.adale. It is assumed here that the

logarithm of the solute mass is 1.||'Jii‘|lrm|3-1 distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 to In(100 g/kilogram H,0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water
poal will increase with time. Depending on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited 0 volume i of 0.1, © fly, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 1o 0.1

(8) Density of Suspended Solids. Among the materials that are expecied o make up the
suspended solids are Ca(OH), (p = 2.2 glem?) or 8i0; (p = 2.2 gfem?) from the concrete and
UOs(p = 10 glem?) or ZrOy (p =359 gfem’) from the core debris or any of a variety of
acrosol materials, It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 to 6 glem”. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reduecing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Waler. The surface tension of the waler can be i d or d |

idence suggest that the "quench* mm:kl!ﬂ)mlﬂm: The value of

the quench terwp was d to be wniformly 4 over thic temy mange for
the calculations done here.
(6) Solul Mass mmofwlllullwurpluh ying core debris
has rot bees fi donc to date, 1t is assumed here that the

in the
logarithm of the solute mass is uufoml; distribuied over the range of In(0.05 g/kilogram
H,0) = -3.00 to 1s(100 g/kilozram H,0) = 4 61,

(7 Yolums Eraction Susperded Solids. The volume fraction of suspended solids in the water
pool will increase with time., Depeading on the available facilities for replenishing the water,
this volume fraction could become quite large. Models available for this stody are, bowever,
limited to velume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken tn be aniformly distiburted over the mange of 0 to (.1,

m Density of Suipended Solids. Among the materials that are ed 10 make up the

solids are Ca(OH), (p = 2.2 plam’) or §i0; (p = 2.2 ;rmz from ihe concrete and
Uu,{p- 10 p/em’) of 20, (p = 5.9 gem?) from the core debnis or asy of & vanety of
acwosol materials, 1! it assumed here that the matesial density of the suspended soiids is
sniformly distrbuted over the mange of 2 b 6 glom. The upper limit is chosen based on the
assumption thet suspeaded UO,; will hydrate, thus reducing its effective density. Otherwise, gas
sparging will pot kecp such a densc material suspended.

9 . The surface tznsion of the water can be increased or decreased
by dissolved rmaterials. The magnitude of the chaage is taken here to be Sofw) where S is the

by dissolved materials. The magnitude of the change is taken here 1o be So{w) where § is the
weight fraction of dissolved solids, The sign of te change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

olw) (1-5) for e <05
o =
a(w) (1+8) fore = 0.5

where ofw) is the surface tension of pure water,

uti;hll‘rlcnnlofdkwlnﬁml!dl ‘The sign of the change is akea 1o be minus or ples
depending on whether 2 random varishle € ic less than 0.5 or grester than or equal 0 0.5

Thus, the surface tension of the liquid ix

ofw) (1-8) fore <05
ofw) (1:85) fere =05

o=

where #(w) is the surface (ension of pure waler.

(10) Mean Aerosol Particle Size. The mass mean particle size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason o believe smaller particles will be produced if a waier pool is present. Examination of

il during melt fons shows that the primary particles are aboui

(10) Mean Acrosol Pagicle Size. The mass mean particle size for aerosols produced during
melt/concrele interactions is known only for sitsatioas in which no waler is presenl. These is
reason to befieve smaller particles will be preduced if 3 water pool is present.  Examiaation of
actosols produced during melth jors shews that the primary particles are aboat
0.1 pm in dameicr. Even with 8 water pool present, smaller particles would not be expected.

0.1 ym in dizmeter. Even with & water pool present, smaller particles would not be
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C the matural of the mean particle size is taken here 10 be unifarmly
dmwmnmrnnmm.!!n}-—lﬂwhﬂj,.m-ﬁﬂ

Consequently, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.39 10 In (2.5 pm) = 0.92.

Ouulqnnjg. the natusal Jogarithm of the mean particle size Is tkes here 0 be unlformly

(1) Geome X D lon
duﬁulmdewtmmimutdﬂnmmdhmhporml
standard deviations for the distributi

P in cases with no
water present vary between 1.6 and 3.2. An argument can be made that the geometric standard
deviation i3 positively correlated with the mean size of the aerosol. Proofl of this correlation iy
Mnmarmammmm It can also be argued thal smaller
standard deviations will be p in U!Ihmyruem lnlunlllndr

that data will ever be available to & this ion, The g standard d
dmmmmummwkwﬂw?&mﬁmﬂmmwdiéun Any
tion of the g standard ion with the mean sire of the aerosol is neglected

7) Acrosol Material Dengity. Early in the course of core debris interactions with concrete,
UO,Idlhanlndemilyufmlﬂpan’ s the acrosol material. As the
progresses, onides of fron, manganese and chromium with densities of about
5.5 glem’ and condensed products of concrete decomposition such a3 Nay0, K,0, AlLD, 5i0,,
wcnoﬁwmwdlawaﬂm’mmmm Condensation
Ind!mhudw:rm wﬁam}llﬂﬂuwmmh
of also the iction of the densities of
mmmnhwlhwuml an-mmsmmmmrmuMuM
mls mmﬂm;mmmmmummuummun

P y d over the range of 1.5 to 10.0 glem’.

Note that the mean acrosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This correlation of acrosol particle size with
jparticle matcrial density was taken 10 be too weak and insufficiently supported by experimental
evidence 10 be coasidered in the uncertainty analyses done here.

(13) Initial Bubble Size The initial bubble sire is calculated from the Davidson-Schular
equation:

V“
b, = ‘{E]“’ '%1_ o
&
where € is assumed 10 be wniformly distributed over the range of 1 to 1.54, The minimum
‘bubble size is limited by the Fritz formula to be:
D, = 00105 ¥lo, Ig(p-p I

where the contact angle is assumed 1o be uniformly distributed over the range of 20 10 120°.
The maximum bubble size is limited by the Taylor instability model to be:

n_of the Partic ize D . The acrosols produced
i to have lognormal size distributions,
Experimentally determined geometric swndard awaﬂm for the distributions in cases with no
waler present vary between 1.6and 3.2, An argument can be made that the geometric standard
deviation is positively Jated with the mean size of the aerosol. Proof of this correlation is
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in siations with water present. !r Is unli'k:]y
that data will ever by o d this ien. The
of the size distribution is assumed to be uniformly distributzd over the range of 1.6 10 3. 2 Any
correlation of the geometric standard deviation with the mean size of the aerosol is neg!

d cover the range from In (0,25 pm) = -1.30 10 Ia (2.5 yom) = 0.92.

. ol thi e D ution. The seroscls produced
dum; cnne Whm Iummm m mutnd w Ime Iqmnrnl slze disrbutions.
standard for the in casee with no

mmprucnlw;bnml.ﬁmai An argument can be made that the standard

deviation it positively corelated with the mean sire of the asresel. Preof of this comrelation is

difficuli 10 marshall murmmmm Il can also be argusd (hat smaller

ttandard & i1 be p with water present. 1 i unlikely
standard L

that data will ever be available n mb ion, The
of the size distribution it sssumed 10 be uniformly distribeted over the ange of 1.6103.2. Any
standard

(12) Acrosol Material Density. Early in the course of core debris interactions with concrcte,
U0, with a solid density of around 10 glem’ is the prwuminan: aerosol material.  As the
interaction progresses, D’Kld(:l of i lmll. with ities of about
5.5 g/em? and condensed p g such as Na,0, K0, ALO, Si0,,
udCanuhdenmesoﬂ3|o4g.rm’bevomem=donimtml species, Condensation
and reaction of water with the :peclcs may alier the apparcnt material densitics,
Coaggl ion of lized also i the p of the ities of
materials that make up the aerosol. As a result the material densily of the aerosol is considered
uncertain, The material density used in the calculation of acrosol trapping is taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 glem®.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This comelation of acrosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental

id 10 be consid in the analyses donc here.
(13) Initial Bubble Size. The initial bubble size is cakulated from the Davidson-Schular
equation:
e V!I.a
D, = ‘[:] P s
where € is d 10 be uniformly distributed over the range of 1 to 1.54. The minimum

bubble size is limited by the Fritz formula to be:
D, = 00105 o, fe(p-p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limiled by the Taylor instability model 1o be:

of the p witk the mean sire of the aerosol s seglected.

(12) Asroiol Materal Density. Early in the course of core debris imeractions with concrete,
UD, with a solid density of arcund mumﬂ it the pndon'lml aprosol material. As the
imeraction progresses, oxides of iroa, 2 with of about
55 ﬂcﬂ’mdmﬂmwdymdwkolmdiwnmmm“ M3,0, K0, MJ!,S:O,
ardd Ca0 with densiiies of 1.3 10 4 glom’ become the dominam aeroscl species. Comdensation
and reaction of water with the species may alker tlu appareat material  densities.
Coigy] of also of ihe densities of
materials that make up the serosol, As a result the materal dnl:l.y of the asrosol s considered
yreEran. mmn Ilunll)r e Inu:ﬂ:uhﬂnnnrwmtrwphllhum 10 be an
ibuted over the range of 1.5 to 10.0 glen?.

Mote that the mean serosol particle size predicted by the VANESA code (6] is comrelated with

the particic material density 0 the -1/3 power. This correlation of serosol particle size with

particle material density was taken to be teo weak and insufficiently supporied by experimontal
1o be in the y analyses done hers.,

(13) Initial Bubble Size. The initial bubble size is caleulated from the Davidson-Schutar
equation:

67 ¥
% '[‘] o
where € is assumed to be oriformly distributed over the range of | to [ 54. The minimum
bubble size is limied by the Fritz formula to be:
D, - 00165 Ylo, felpp 1"

where the contact angle it astumed 1o be uniformly diitsibuted over the range of 20 1o 120°,
The maximum babbie size is limited by the Taylor instability model 1o be:
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Aerasols in the RCS

The e-cpemmnmn conchude thet sphierical particles of around 0.1 w 0.3 jan formed (though their
then these giving fise to a mixture of compact particles

ben\'ct{ 0.1 nnd 3.0 ém size at the powr of measurement. The cougposinon of the parmicles was fovnd 1o
be demmated Uy Cs. su and U widle the Cs and Sn mass contnbutions reuaimed comstant aud very similar
o s, L7 waas relatively mimor m the first hour at 1360 K evolving 10 be the main contributor in the thad

{very wmmmk)— 42% 10, 26 % S %5 Cs), Neither hreak dovm of compasition by particle size nor
il size was

21.2

Furthier miferesting wearabients for purposes here were six isokisetic, sequental. fillered sanples located
abeut 13 m from the buadle outlet. These wene used to follow the evelution of the acrosol composition ad
1o examine particle size (S e analyses the authors state that pumicle geometrical-mean
dizmeter vanied over the v, elingnation of the first filter due to i being sarly with respect
to the main ransient gies the mige .56 ym) while standard devianon flucmated berween 1.6 and
206 Tn the inmges of filer deposits needle-like forms are seen. Toming to composition. if the frst filler
sumple 15 elinmated and “below detection linit™ is taken as zeve, for the stuctuml components and
volatile fission produnets we hive in femms of percentapes the values given in Table 9.2-1
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The aerosol sire distributions were fairly logronmal with an average size (AMMD) in FPTO of 2.4 jim at |

n_m g_nd of the 5-howr bundle-degradation plase growing 1o 3.5 jun before stobilizing ot 335 |y pammi I
size in FPT1 was slighty L - sbepinl 4.0 j1m. o -mean diameter (dw) of pamicles m

FPTI was sesa fo b bewech 0.5 nd 065 ] o SEM g of 5 dsposit s shown i Fig 932 In bort |

tests the standard deviation of the 1 was fairhy constant af 4 value of around |

20 There was clear evidence thur serosol compostion varied very lnle as o fimction of panicle sze |
wlmlh:las: sefilng phase of the FPTL tesi: amnmnpenn.l.. the suallest partdcles were forud 1w
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227 Aerasals in the RCS
g3l
The exp (T hori mmcln of nrrmnd 01 o 03 pm formed (though their

that
tion was not esiablished) then these d giving rise (0 a mixture of compact particles
between|l) | and 3.0 j.ll'ﬂllﬂ stze at the point of measurement. The composition of the particles was found 1o
be domi n and U: while the Cs and So mass contnbulions remained constant and very similar
in mass, U was n':l:m\-c!y miner in the first hour at 1860 K evolving to be the main contributor in the third
(very approximaiely: 42 % 11, 26 % Sn, 33 % Cs), Neither break down of composition by particle size nor
I size 100 WS |

Further interesting measurcments for purposes here were six isokinetic, sequential, fliered samples located
about 13 m from the bundle outlet. These were used o follow the evolution of the acrosol composition and
0 examine particle size (SEM)._Based on these analyses the authors stre thar particle geometrical-mean
dinmerer varied over the mngemmmmnuon of the first filier due to it being early with respect
to the main transient gives the range (32-0.56 um) while standard deviation fluctunted between 1.6 and
2.0 In the images of filier deposits needle-like forms are seen. Tuming 1o composition, if the frst flier
sample is eluminated and “below detection limit” s taken as zero, for the structural components and
volatile fission products we have in terms of pereentages the values given in Table 9.2-1

222 Aevasols in the containment

9221

The acrosol size distributions were fairly lognormal with an average size (AMMD) in FPTD of 2.4 pm at
the end of the S-hour bundle-degradation phase growing to 3.5 pm before stabilizing at 3.35 pm; acrosol
size in FPT1 was slightly larger at between 3.5 and 4.0 pm. G ig-mean dismeter (d) of particles in
FPT1 was scen 1o be bc:»:cdn.s and (.65 1@ a SEM image of o deposit s shown in Fig. 9.2-2. In both
tosts the peometric standard deviation ognormal distribution was firly constant at a value of around
2.0, There was clear evidence that serosol composition vaned very little us a funcuon of partcle size
cxcept for the late settling phase of the FPTL test: during this period, the smallest particles were found to
be cesiumenich. Tn terms of chemical speciation, X-ray technigues were used on some deposits and there
also exist many data on the solubilitics of the different clements in oumerous deposits giving a clue as o
the potential forms of some of the clements. However, posi-test oxidation of samples cannot be excluded
since storage liml:‘\ were long {mumhsj and the value of speculating on potential speciation on the basis of

B 1-2 “State-of-the-art Report on Nuclear Aerosols”
NEA/CSNL/R(2009) 5 00 e B TFRRNR oI

001 Aerasols in the RCS

9.2.1.1 |4ECL

The experimenters conchide that sphenical particies of aromnd 0.1 to 0.3 pm formed (though their

composition was not established) then these aggl. ated grving nse fo 4 nusnme of eompact parfiicles

brl‘wcm size at the point of uensurement. The composition of the particles was fmmd o

e |I01:unnled by (‘s ‘l.l‘kl 17 while the Cs and Sn mass contributions remained constant

0 s, U7 was relatively minor in the first hour o 1860 K evolving to be the maimn coniril

(very approximately: 42 % U, 26 % Sn, “ % Cs). Neither break down of composition by particle stze nos
size wits

9212 [PBFSFD |

Fusther nteresting measwrements for purposes here were six isokmetic, sequential, filtered samples located
shont 13 m from the bundle outlet. These were used to follow the evolution of the aerosol composition and
to exanune particle size (SEM). Based on these analyses the anthors state that particle geometrical-mean
dizumeter varied over the range |eJ.imsua:iou of the first filter due 10 it being early with respect
to the main transient gives the range 0.32-0.56 pm) while standard deviation flnctunted between 1.6 and
2.06. In the mmages of filler deposits peedle-like fonns are seen. Tuming to composition., if the first filier
sample is eliminated and “below detection hmit” s taken as zero, for the stmenral components and
volatile fission products we have i terms of percentages the valnes given in Table 9.2-1

822 derosols in the containient

9121 [PHEBUSFP_|

The aerosol size distributions were Furly lognormnal with an average size (AMMD) m FPTO of 2.4 pm at
the end of the S-hour bundle-degradation pliase growing to 3.5 pun before stabilizing at 3.35 pm; aerosol
size it FPT1 was shigltly larger at between 3.5 and 4.0 pm. Geometric-menn diameter (dss) of paticles in
FPT| was seen to be between a SEM image of a deposit is shown m Fig, 9.2-2. In both
tests the o ie standard devi of the log 1 distribution was fairly constant ar o value of around
2.0, There was clear evidence that aerosol composition varied very linle as a function of paricle size
exeepl for the late setthng pliase of the FPT1 test. duing this period, the sunllest particles were fouud to
be cesimu-rich. In tenms of chemical sp Neray techni were used on some ch:pusus and there
also exist many data on the solubilities of the different elements m pumerous deposits giving a cle as fo
the potential forms of some of the elements, However, post-test oxidation of smmples cannot be exciuded
since storage tunes were Joug (months) and the value of speculating on potential speciation on the basis of
the available informntion is debatable. Nevertheless, there is clear evidence that some elements reached

the avaitable § is del heless, there is clear evidence that some elements reached ligher states of in the when ed to their cl foumm in the cireuit,
higher states of oxidation m the contamment when compared to ther chemecal form in the circuit.
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ta for methyl iodide than for elemental iodine. bt all the data indicate that

it is poorly absarb Yy tation, such that surface resistance {s far the dominant resistance
component. The enuly data have been revicwed slsewhere (Underwood, 1988, Harper of of, 1094) and

0 substantial body of new data i svailable. The measured values range between 107 and 107 ms™

approximately. Agsi theve mre no strong reasons for takng r; to bea linction of windspeed. so it s

hie. the “best jndgement

recomanended that v i o 1o be o constan!. Based on the hmdted dats

valie of v, 1 taken a:qu the ‘consery

an to the chamical species of the lodine, 1t is ¢

irve’ valoe as 107 ms™ . Where there 15 uncertmuty

fest 1o swstene that i1 is all in elemental form fiom

the viewpomt of making 3 couservative estimmate of deposition fux.

223 Urban

Methl iodide

and chamical 1

vegelation

snface. for which specific data tiows are given in this case. F

ps miad parks etc), it i reconmsended thal the valoes for extended wans

within the whan area
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so-called "quench® temperature. Al lemperatures below this quench temperature the kinetics of
gas phase reactions among CO, COy, H,, and H,0 are 100 slow 10 maintain chemical Tk
equilibrium on useful lime scales. In the sharp lemperature drop created by the water pool, very
hot gases produced by the core debris are suddenly cooled to temperatures such that the gas
composition is effectively “frozen” at the equilibrium composition for the “quench® lemperature.
Experimental evidence suggest thal the qwh:h mupuumtl\ 1300 w0 1000 K. The value of
the quench temp was d to be y ibuted over this range for
the calculations donc here.

(6) Soluie Mass. TN.' mdmhnmm:wiylumabn;uuhum
has not been i done 1o date. [t is assumed here that the
logarithm of the solule mass is mll‘wnly distributed over the range of In(0.05 g/kilogram
Hy0) = -3.00 1o In{100 g/kilogram H,0) = 4.61.

(") ¥olume Fraction Suspended Solids. mmlmfmmofsmmwmmmm
pmlwinhlcrn:ewilhlim v g on the available facilities for rep g the water,
ummumefmuwmldbwnequilchqr_ Maodels available for this !.!Myale.hmm
limited to volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly Mmmwdﬂwﬂl

) Density of Sucpended Solids. Among the materials that are ex to make up the
wmmmmmmoum,-:zgmn’;wsm,(,-zzy ) from the concrete and
UOy(p = 10 glem”) or Zr0,y (p = 5.9 glom’) from the core debris or any of & varicty of
aerosol materials. 1 is assumed here that the maierial density of the suspended solids is
mlmlymmwmwwnflnﬁﬂmz’ The upper limit is chosen based on the
assumption that suspended U0, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

mmImmﬂumwmmmnmeManummm
by ignitude of the change is taken here 1o be So{w) where S is the
uelml’mlmofdlmmwlid!. The sign of the change |s aken to be minus or plus
depending on whether @ random variable € is less than 0.5 or greater than or equal to 0.5.
Thus, the surface tension of the liquid is:

alw) (1-5) for e <05

v
" low 149 fore 205

where e(w) is the surface tension of pure water,

(10) Mean Acrosol Particle Size. The mass mean particle size for actosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is
reason to believe smaller particles will be produced if a water pool is present.  Examination of
aerosols produced during melt/ shows that the primary particles are about
01ummdumm=r Even with a water pool present, smaller particles would not be expected.
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Consequenly, the natural logarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 ym) = -1.39 1o In (2.5 um) = 0.92.

i

(1) Geo he P The serosols produced (H#EHE 2-15 #8114z
Mumﬁebﬁmm:hmmmmnhwlumndmﬂmm - bl
standard for the ions in cases with no T L

pr:mﬁwybﬂmlbuﬂ]l An argument can be made that the geometric standard
deviation is positively correlated with the mean size of the aerosol. Proof of this correlation is
d!fﬁnkbwuﬂﬂ!bmmdﬂnmmbm It can also be argued that smaller

standard will be in si -rm:nuptmL khlmilhfl;
that data will ever be available 1o d this jon. The p siandard
dﬁ:dﬂﬁﬂn‘hﬁhﬁhmuﬂhkuﬂwﬂrmmﬂtwdlﬁhjj Any

of the g standard deviation with the mean size of the acrosol is neglected.
12) Early in the course of core debris interactions with concrete,

Acrosol Majerial Density.
I.l()2 with a solid deasity of around 10 g/cm’ is the predominant aerosol material. As the
progresses, oxides of iron, manganese and chromium with demsities of about
SSMWMMW%MWMM&N@ K;0, ALO, 5i0,,
and CaD with densities of 1.3 10 4 pfem’ become the dominant acrosol species. Condemation
m-aﬂmnrwmﬁmlkwumydmn:wmmmmh
C of also comp the 7 of the densities of
materials that make up the acrosol. As a result the material density of the serosol is considered
unouuin mmmmmmmmumm@pmhnnnmmu
ibuted over the range of 1.5 to 10,0 glem?.

Note that the mean acrosol particle size predicied by the VANESA code [6] is correlated with
the particle material density 1o the -1/3 power, ﬂumhhmnfl:msdwlﬂdum“h
mmmum:ymnkmmummlw ly sup by exp

o be i i the inty analyses done here,

(13) Initial Bubble Size. The initial bubble sire is calculated from the Davidson-Schular
equation:

248" L4
L ] ©
where € is assumed 10 be uniformly distributed over the range of 1 10 1.54, The minimum
bubble size is limited by the Fritz formula to be:

D, = 00105 ¥(o, fgp;-p N'"*

where the contact angle is assumed to be uniformly distributed m:rmnangcoﬂnm 1207,
The maximum bubble size is limited by the Taylor instability model 10 be:
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9.2 Aerosols in the RCS
0,21

The experi hale thm spherieal pamcles of around 0.1 10 0.3 i formed (though their

comy; mblished) then tivese agzlomemted giving nse fo & mixiwre of compact parncles

bvmm size o1 the point of weasurement. The composition of the pamcles was found 10

be dommnared Ty Cs, S0 md U whale the Cs and Somass contnbutions retmined constant and very sinular

o s, U wis selatively numor in the frst howr st 1560 K evolving to be the main conmibutor in the third

(very approsamately: 42 %6 11 26 %% Sn. 33 % Cx). Newther break doven of composition by particle sire nor
Tatisticad sare WAk |

9.2.1.2 | PBF-SFD

Further mieresting measumemments for purposes heve were six 1sokinetic, sequentinl. fillered somples locared
about 13 m from the bundle outlet, These were used 1o follow the evelunion of the scrosol composinon and
o examine particle size (SE = - 2 analyses the awhors srare thar particle peomemrical-mean
dimueter vamed over the range 0.29-0.56 un felimnation of the first Alter due to it bemg ealy with respect
o the main transient gives rafge 1 56 om) while standard deviation flucrated between 1.6 and
2,06 In the mges of flter deposits needle-like fomms are seen. Tuming o composition. if the first filer
smgple is elumnated and “below detection Lumit™ is taken as zero, for the struchual components and
volatile fission prodiscts we have i tenns of percentnges the values given iu Table 9.2-1

9.2.2 Aerosols in the containment

9221\ PHEBUS FP

The asosol size distbutions were fairly lognonual with m avernge size (AMMD) in FPTO of 2.4 jmm at
the end of the 5-how bundle-demadation ph;l owiatg to 3.5 jum before stabilizog at 335 jun; serosel
size in FPT1 was shghtly ln 4.0 pm. Geometric-niean diameter (dy} of p.1fl|r!n in
FPT1 was sssn 1o b ln:n-m: SEM image of n deposit is shown in 9.2-2. In both
tests the geomennc standard deviation of the lognormal distribution was fanty constant ar p vahie of around
20, There was clear evidence that aerosel composition vimed very linke s o function of paticle size
except for the loe sentling phase of the FPTL test: during this peniod, the smallest particles were found 10

be cesnmmench. In terms of chenueal speciahon. X-my rechniqnes were nsed on some deposits and there
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