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Figure 40: The melt spread in PULIMS-El experiment (side view). The volatile particle debris
have been removed while solidified core of the melt remiined intset,
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THET DM ELRICL ZBEENERTETH 5,

(e, RUT ST RTVA, Z7 v, ZZRlSE, BB, 1 771 %, PAR FOKHER
HOEB R OHIENICH L THMAIAARD IV R—F Y FETIVC L W EgEFRETH 5,

Zhblzk vy, BE LEERS — 7 U R » TRFIFEHERE (CV) NOKEEZELIREDR
ERENHEINDS,

GOTHICa— Nz XABITETVER 3-1UTT, £/, UTFIZa— FOBREROBMEL R
T
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ARIASE
me

| e emEm
TOEE L ER
| #memencons |
C VA R D 3
77 N /,*\\ LB
y AL RN —
- ||i‘|. r’l— '.‘ , ‘-
R tJ,, — -, I-‘.'-,', i
EECHIEY = AR |
L OB i it Sk
* (= -
C VEfisR “10‘.
4 .
FTAEBT i
DEERE & BT I .
e
| %y7*|

H# : EPRI Product 1013072, GOTHIC Technical Manual, Figure 2-1

K 3-1 GOTHI Cza— FEFMBEREORY T LVET IV
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3.2 HEBRIIXTHEIrET NV
2ETRLEBEZD Y b, Ml BAIICK LEERKE WA L-EEHS (£ 2-2128\W T TH)
I ENTE=YEBR) oW T, ZOYEBBESY M T I27-0DICLELRIMITET LVEER 3-1

[ it

® 31 HEBRRIHTIHTET NV
HEHSR VR fETET N

XE R - XEANORE FEERET NV

TiEh Z 15 5 ek UHES
FEEFREME A A D#IETE T )V

) =T 4 7 A¥—Ah (ZERHBESIE)

S & OBRER ONHRE ZHEFHET )V

BREET NV (BARUSEGIRITE, 5. EE)
BT T

AT LA BH] ZARET IV

REFeT /v
REEBREE TV (ERE CIIRELT e P E2EE)
KRN PAR €TV

AT A R X BARBREET IV

4-11



3.3 f#tres v

GOTHICza— FOFERBTET N EZLURITRL, TOHMEE2E 3-21#8D 5,

X 32 GOTHICa—FOEFNV—K

5 )L

EAK

- R, R, D725 3OS

- HERFR, = F—RFR ESHERFR

- HREHEA - AR ORESEX

- OBE - BENE R EERREBOZE L (THEFRNR, HEEER, WE

Wik, BRER L)

- JHHICIIERR RO A e B &

HlEhrE

- PERfEE, AR, BRRIEOEBEIR (K - RELART TI3¥

fEfREE 2 )

A - XN O FiEh

- BEBULET NV (RAROY ¥ 7 ¥ a T/ — R %26
- BREHCR TIIRIRTEE L JBMIZ BT iR O E 2 IR

T HMRET V2 EH

- DAERCR T AR EZ T TET ML

HWiEH L OBMRZERUARIRE | - BEXMNHE (McAdams), ##|xHE#MEE (Dittus-Boelter)
R ONREEEREZET /UL
- EBHEET L
- BEREE TV (EBRMEBEXEVIIR - WHEGEOT )
- BVREET L
2T VLA - R - RE, REE
- TREMRRET L
- IR (McAdams), FRHlIxHEEMEE (Dittus-Boelter)
EGNESERET )V
- AR WHEEE) IREEZERELT T e Il VEHE
KB - PAR FE 2 HIA RIS & L THEER

A TFAZITXDKBREEET NV

3.3.1 XHEH - XENOFE)

JRTFR A SRNOKE - KENOTRE & @9 EET 2720, R AFRWESREEYIC, —F
SET 5, MBHETRY HbN A HEIESET AR R OER L2 SR, R ONEREME & 72
D, ZLHEMHICH LTHE, =X F—, EBEROREFEX L FEOBMRAKR UHERENRL &b T
HEMICRE | R TFRMAERNOME 2T 5, MAEOEHEIN L TIIEFEREBOME ]
BBTHY, ZHOMAKCREIRE, MEOHMEEANREREINS, £/, ZhbiiEicgby,
TAARVPIAPMLERTSHZLENAETH S,

(1) ZERICATET IV

/= FETMIREFERERET N, /- F2ARERETHRIT H0MEBRETNED S,
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EHEHR/ — F T, BKAFNEEDR ) — REHE LTbh, fi&&HE0 /) — FEOEE.
TRAF—FOESHROEITIL, / — FEERORKER, BEEHEERORBIERZZE Lz X
XvEgEshs, /— FROWRERZHE 2558, / — FROKREMITERB, RIM KM
FF1ET % Pool/Drop EIER L 725 (K 3-28M), £/, /— FRICHEEHEDOE—F 7,
B O EOEREHFERET DI LB TE S,

SHEER ) — FTIE, /— RE2EEOV T/ — RIcpEl+ 5 2 &L Tk OBUK H3ERRERDZE
MELSFEMEEE NS, /— FRNOHE, =XV F—-RUEHEROZEMEIL, 7/ —FiZ
HDEIENTZA vV 2 BEER T, AREFEICLVROOND, 7, A2 ER L ZZKRTOE
TIERATRETH D, HAAESR/ — FTiE, B 32I0 RS 2B ASZ B I h, fHEkic
i Uiz RE VR ES 2 R TR SRR OMEES LR TR L ZHAfh g h
Do FAEER/ — FIINRICLVEPEHR/ — FLBERT LN TES,

(2) [RIBREOBUGRE

PWR DERFHERERFICIBN T, RFFBEWESRNTKENRRET D LI RREBTER L
HRE THLTGHOR - WHEZCETOHEFERZR 3-3I77, MAITEE (OK) - 8 (&
R) - BEO=MIC L DMEHEZBE L TV 5, AR T, &HE - [AEM. &E - EREcs
ThEME - AR%E - Bl - 7 7 v U ED, EE - REETIX, TARY Y T oz b
BEENREZ LIS, BEMRE CIIREGL OB - DECEOWEEAPHAESh, HEMEREE
It L THREOHPHEE = ANV F—ILEEZ IS5, ZTWOOHEEERD S b, MAMOREIZHIT 5
- PEEZEICBEL, GOTHI Ca— NIRBIFBETNVEBEWVWERT,

EOHEEICRT 2MEERIZ, I 2 G2l U ETHREHE - KBRS LI S
3, filh (Flow Regime) #5452 Lick v, M (KM - KA. #&i#H - JHEE) OBz
BEROTIAMERAT 2 REERERIND, EFEHFRRY 2— 2L TiE Pool/Drop FEMEH,
SFEHRICBOTIER 32010 R SN2 HREFXNBE S5, E - KA, & - SER O -
WREEEET VSR EZHE 3-477T,

BEVORNEIL, MEREICRLET
DTREATEEEA,
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MRS E MBS, Thick 2k Rmc LERT %, Zoftmicxt L, HEo%
HiniE, #doiE, EHEL L oREEL, RRomECBT 2ERBTRIAF AT U 2ANbEME
D,

AROBEMICR L L, AR U ERZEM O T e 2B R T 2R LTET VXV iaEi
BEEIND, BREEIILUTOLEY L2225,

Q1 = Hy Ay (Ty — T,) + Iy
Qu = HyAyu (Ty — T)) + iy

Hﬂ,HH 5 ﬂ&%%ﬁ

i LR
Bk i TVHLE
Ay : FUEHE
TvthTH . ?E_E

(3) ¥&0

DX IRFFRMASRNOEMEZBEYIC ) — FAH L7 LT /R mOBMEESRRT 5
HiEY L OPMRELZRL T 28K - X L @b® THREORFZM Z & T, KEifH - X#
NOFBISEES D,
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Single-Phase Vapor

‘ Drop/Vapor

Drop/Film Vapor

Spray Line

Churn-Turbulent

Lo

s

)
w0

Large/Small Bubble — e . e

Small Bubble

Steam Vent

o

ingle-Phase Liquid

DA EFRITE T S Flow Regime EPEFRIZEIT D Flow Regime

H{#8 : EPRI Product 1013072, GOTHIC Technical Manual, Figure 8-1 and 8-3

E 3-2 Z—HEmETLV
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' Film

Mass Transfer

r=(Q.+Q,)/(h,-h;) == |

Energy Transfer ;! / Energy Transfer
0, =H_;A{T, ~Tsq) L/ Q;=H; A (T ~Tyy)
\

Th, —~—a—

Latent Heat

Th, =

p, - —

Momentum
Transfer

H{#8 : EPRI Product 1013072, GOTHIC Technical Manual, Figure 8-6

K 3-3 RELGEETNV

B (F—=K - P 7KE)

OQFRY v b -
F LB Pl S
EREE

@D7RZE - P -
TS oy

@ hLA v

AR DR O%EfE

O%F - Wik -
TR (R T LA - R 77yv27 | g (EK)
MEARICTEE . v SKIEEREE Y 2 BT

X 3-4 HAEMOMEER GREICETE - WHEER)
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3.3.2 #EM & ORMEER CNE MRS

itk L EhRE L OO, BE, B, BRMcESEEchD (W 3-528). LUTFIZ, G

OTHI C=— FIZAMEh 3 REBOLRBEZEET NV ERTS

- BEBmE (McAdams (2% 3CHR 3) : B B, Dittus-Boelter (2% 3Lk 4) : FifilxHT)
- ENEsE (BEm-XfH, BEM-BEf, Stefan-Boltzman (Z% 30k 3) HizH5<)

- b EMnE (WE (BB 5) - BE (2F 3K 6) . Gido-Koestel (23 3CHR 7)., Diffusion
Layer Model (2% 3CHik 8))

BMEEETNVICL Y, BRI TOLEY L1225,

Qrond =MiWHwAmAde

Hogna  : VEMEEMEEELREL
A : BRI B

y D EMERERS
Ao AR

AT g - REE

BB, MEVRE TOGLARIIUTOLEY L225,

Q W =Qc|md + Qcm‘, + chxmg + 'and

PHREM RE OBENIL, [IEOTBIRE L RIS OBEE, FEREIENT A DIFER EREHM
B« ARRR, REOERORRICKBEZZIT 5, =— FTIE, EBRMEBERE 3 S 2R i O K
BILOKEBLZETIREROETVERAVTINORERZSEIND,

BRI 1 RIGHR»DOEAM B KRH S5 L RFIFRAESRNICRRDIEN 555, 1#
ke — b7 LY RECERTEMRESER L, LA 2 AP AR E ) & OYR EE O il
CHET D, —FH, BINASRA T LA IC X 5mH, BRERL=y MZXD2KMEHO B RS ED
Pt S LD & MEMREICH DBAEPHEREZRD D, ZNO6mEAM —BEMEIMEEIT. Zhb
G B 72 D _EFROEEE R OBV ET 7 VI X 0 Bt S5, DUT ICHEEH 3R if O EEE L
BEETNVOBMEEL T,

(1) HE7e—Fu KX (BEH 6)

H A T%Eli L 7= Safe Project (B3%&3#k 9) [CHBWT, 1 KEOFAZEMIZHT 5 KHEHF LOCA 7
r—Fy Ly (CHKH) 2RE LEON=EREEXTH S, MR L2RDKEDEBERE, Kt
FNF—FESE, HHMOBEKICL Y, Te—F Y RO v — 7 BV EREEZ ERT D, &
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BAEREN—RIC LEEH _EHEENS, BAENORER 7 HRERAMTHI2B T 2 R FIFRME
SR R CRHINEFMICER S hTnd,

(2) E#FEEENRETT IV
WEMREICRT 2EEEHFETT V2T T, 2B, A TRIEMRET T /U, BImEICRiT) 5%
MR ASHEBERYICPE T35 2 & T, KA L HEH & OBMMEDSTER SN DREBZEL TV 5,

© WHEMEREX (Z2EX5)

BHEEM L OBGRRINMBEIZKE WV, BIWTBEIZDRWES 2RO TERTTEETH 5, HReL
IR D WIRDER - FEEEMEEN A DD RERIZ L B EREEZ ERET 5, BERBICH LT
FEALZ2VWEDL TS, ARER-RAZLEEEENBABEXSERHSNTEY, LOCA 28E
L7k E#ESE (DBA) Of#HT T, BIEE EREX L BAGDETEA S TV EREH 5.

@ Gido-Koestel tHEER. (&38R 7)

B-YHEEEOT e ICLY, BWEEMREICRKIT 5EMICHE O VEEELZEN, Zhicky
FMHRBVEEREEZEET 5. JEBREE - fafn O THORBIZEBWTHLEATETH S, Rl
DEHEERIC & 2 EBRELEAAALTEY, BIEES - REXLBE IS,

(3) Diffusion Layer Model (3% ik 8)

Diffusion Layer Model (DLM) (%, #\ - MEEZEOT F 0 P% AV TERER L HERER L
B35, ZOETNVIBAFET (NAD ORIEICL Y, B@ERVEETRITHS Z ARSI TY
%, 95, DLM-FM (I#EM L ORMEICE T 5 I A FOFRAE R OHEM K E ORREELZIR %2
ZRI DL T, RKEFHAFIETH D,

GOTHI C=— FOEBRRIECEVTIE, #l21X NUPEC REf#HT72 £ T DLM-FM %5
LTW5%, o7 VREERNT 2 L FIOR T,

- N ERER

+ Wisconsin K% KZERR (ZECM 10)

- Wisconsin K% MERER (% 3C#E 10)

+ Wisconsin K% Flat Plate Tests (&% 3(#K 11)
* Debhi #8 (ZE 3K 12)

- CVIR &% (253K 13)

- BEMC #B (&K 14, 15, 16)

- HDR #&&& (Z530 16, 17)

« Xy NEEE (ZEIOK 18)
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(4) BREENEET /v (Film)

JRFIFRMNAESRNOBERO X 5 RBWEM L IIRRY | EATRIhWTWSiRhE (FRENEL
L) icxt LT, BEREEET VEERT 5, ZOETATHEBEREREOA 25T, BLOWE L
DHEBMRZER WK L IEETRETH S, BEOETT VIIANHE L Gido-Koestel DiiAHEHE, 2
WiEERLDORRERER SIS,

FoM, GOTHICa—FRIZXA3ET UL TERBEINAZFIERIZILUTOELEY TH A,
cERIEOIC L AERIT, V—RF—LE LTERALHETERT S,
 BFIERAASRAE TORK E DB EOREITHEE L 2\,

b= b7 ETVE, REICKT HMEROZER?L DERAZNEOBYREE T /VIZET,

JRFIF MBS AR R CEEYNE ORI ERER (BE I L > TIAESRWIEARE) 12Lb
Bt hs, S, #EMOE S HRICHEBIL ST FRICEW T 1 RuBMmEH RS EIERIIC
f#ah, EEYNORESTHAROLND, BEOHRICENTL, ESHMICHHI LB I L

DEE, BLERR VAR ANT—F L LTELONS, BEEDO45EIT, HEICBIT 5 BETE
DIBEIZHREVRET D,
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T (KX - FREEMEIE T 2)

OEMEEE (HfRMRE)
TR BnE
(FR3E - Vbl SRR - R X V)

1

QEMEE GHEEMEE)
P

# - YRIE ,
CBERE S - R~ |

& (Structure) K UNKIEE

4

®HAMmE (HfnE)
TR A s E
2 - Wiz
(B3 - VBIE S RE)

OEHEE GHERRE) |
R E !
B . WElEE ;
(EEfE XHBEMER)

R (F—nK - U TKE)

FERE

35 ik LWMEVMOMEER (WEMREIZET IMRUMREE)
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3.3.3 A7 LA HH
33.1%E (2) BT H2RBEAEDOIEED 5 LIRFIFHRMBRNOEEHRENCKRE S EE
TOLAT VA GBAL, TREHREZEET 2 3MEET NV E2RATLZ LD, AT VAR ZME
OfiESH L LT, HE, =N X —ROEHRORFAICENTEE T 5, A7 LA ORHRICHTZ
2T, / ITFTNANRTA—F (KRR CHRE., BE) BPANICLVEZOND, AT VAL ET NV
PREEND /— FTIR BRESNTERATVAE#E /) — FRICHGET 5 LRESh, BF, BN
> TETTHHE LD, £, RAZAVTRAT LM BBEOTNFMEZERTHLHTE
Do AT VAL DIMEDHAKROEEIL, [EFEOBMAE, FMAEOHEELIE, HEOEEERZ
#}l Lo, REHE. AEmPMsZE. FEFN»LOR58ENICK VBRSNS, Bz T,
EPEHFRARY 2 — L TiE Pool/Drop MEMRRL, HMEFRICEWTIILATIIR &h 5 Bk
AREE SN D,
* Pool
+ Small Bubble
+ Large/Small Bubble
* Churn-Turbulent
* Film/Drop
- Single Phase Vapor
MERRIT, — FORA FRFCHESh, £, ARSI LThb#Efsh s, HEOR
BB E, FRHIX RV E R RE BT L TIUTOETABRER S S,
+ Dittus-Boelter
* McAdams
- EhbDREIFE
ARDBERICBW UL AR UMELREMO 7 T2 E@T 28RN LRET AR ARSI T
W5, ¥72, 2— NI 3k E2ERT D Z L0, HAFHEROTMAE T OL 8K ZBICET VLT
HTENRTED,

3.3.4 [RFIFE A SN DK R FHEE
ET T OB TIE, KBORAERE LTUTE2EET 5,
cFNTOI NV a= A—KRIGC X BKEHRE
- R IFRMERNTOEMIPE I L 5 KERE
- RFIFEMAERN TOBRBK IR L 5 KERE
BRI MAERNTOEBRERICL 5 KERE
- RFIFBHBERANTOE FI VUL 5 KERRE
WTHUTOWTH, MAAP I — FIZ X TR RICESW TR DK BRI A R FHE S,
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BR&EHL LTGOTHI Ca—RNizhb5 x5, BETLHKEIL, 3V—TF7F 0 FOBFE, Kkl
LOCA+ECCS AR FBWBEARA T LA BY) IZBWT, UTOREICKHEESADbDE LT
W5, MAAPaa—RFEGOTHI Ca— FTKRHHEED / — FRBIBRRRLBEIL. /—FD
HRICL2EA THRIBEZHEIL T2,

<SFAROERFE LI X DKRRRE>
- WO ATFET HXE (RRRELRE)
cMESRERLEZ I DT TF T 4 27 PEETHKE (BREERE)
* RVEERNTFERE (RFFTFEFY ET 1)

<BhEHEK iR, SBRER. b RIS L AKRERE >
s AN —3a 7 T U TFOEKHE

2B, ERFFIIRERINC L Z2KFEOKRHERKE, ENRCRETH S, HEITH L TiTER
THIITHEZT-o TS, BRATHIEHARNREIL, FLPORAET HKEIIH L TIIMAA
Pa— RFOHERERIZLEZLD, TNV TIEHREABREHOBR A TSR LIEZMAAPa—F
WL BHERREZFERALTVS,

3.3.5 KRN
EHT T v D OFNTCIE OKELHERE OB L B LKFEOBREESE L < TR LEMNICHR
W E TR ORBIOBE DO ENER~OFELEZR LI-HERR L T2, BEMIZIT, AFEL
BRI R TR AR F— AMICRB SN A HAITE, 3KRTMR /) — FoE2BE L7
T AFRLERFORBMBELEET D, £/, THREZED 1 RITHEIIRE S /-FEET
EFNRRBPETFRINSMBEICRE SN HE T BE—OFHER Y = — AN TKELE I &
DR EBRL. FNBEABRICEZX DEBIZOWVWTUEIARY =2 —LBEZERT 2 AL VEERESL
%,
LIRRIZ, KFLEBRHE CTH D PAR, KEBRBERIFL 7251 /T4 ZIZOWTHAT S,

(1) PAR Iz kB AFENE

PAR OEFHMERIIRE T L VIRTENTEB Y, EERBRICBWV TR R L OBk O
RBMTOI TN, KELEEEIIHESROMEFMERICESE, PAR REHATICHIT 5KE
K OERZR OEMELL. EH DOBEE L 72 5, S RS BEITIREE (TIRAF T 2 23 AR BE 13K SRR BRI
HABREIIENNEKGET S0, FHMERIZZh o2& ERS, £7-. PAR OAOREIZ, fil
BORE OKBIREIZKF) LENCL D7D ADRBEEZEERR /ST A—F LT HUERRND,
KBAHEEIIENFHICHB SN D, KBEOBFREERITR L MEFMEXEZ U TIORT,
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y = 1 *min(Xg2,2+X02,8.0): (A-P+B)-tanh(Xg2—0.5)

e 68
y :BEEER (gs)
n :1.0 (Xoz>Xm)
Xm : KFAFEREE (vol%)
Xoz : BEFEMEMIL (vol%)
P : ESH (MPa)
A, B: ¥

ARU'BIIRABRERICESIBREINLGFZE LS,
F72, PAR TIIAKFEOBFESIZLY., UTOL S ICERIULERICBRREET I8, Z0F
ABIIGOTHI Ca— RizBWTERBXIN S,

H2 +0.5X 02 =H20 + 286kd

GOTHIC=— FTiX, PAR BREIND / — FOKBEROBROEREL, [EHDIMEREFE
KOAA L LTEZ B, HREFHERICESWTHEEE, Blb, / — FNOKERLBEEENFHE
Ehd, HREINOKBLERE CESERET HHERGBRSHA S, Y%/ — FOZER
~OBPRL L TEEEND,

(2) 474 Zizk BKRFEREE
GOTHICa— RIZHAREND A FFA ZETNMZOWTHAT S A 74 Z~BESH
HE, ZTOREHHR 900CETERTHZ LT, AEEREELZKZOBCEAXBRETH DL
560CETLER Y, A /T A ZABDKEZHCRIESE D, 4 7T A ZEABEOKENRET S

BHEVWORNEIL, MEREICBLET
4-23 DTAETEERA,




ZL T, ELIZEDABOKFEL AREITICE > TREEL . BRI R F IR MWARNOKEREZ
ETSHIR\HFTE S,

GOTHI Ca— FRIZBWTKERELZIRET 258 . ARERDIARY 2 —L0EHIZE CE
RAEShAREETNANRRRD EPEHERICBVWTIHECTR a— FLRERARET NV EERT 5,
ZHiT. TRAOKRERZ FA4 7V 7TICHEE LI2BEIC. IEXENCB T 5 —EEEDKRISREET
5L L. R"AZEA L THEREICRBENBIZT S b D LT 5 Discrete Burn Model &, #4525
DO KEHAEITE S EREN kG35 Continuous Burn Model (Z X 5, Discrete Burn Model (X1
TFHA ZILLHEXKTRERENRAEL S LT 5, Continuous Burn Model Tix, 4 74 FiZ &
SRBEHIEIC L 6T BRBRDOL OB LERT 225, SR Z#&H U B XE~ DR RIT
FEHE S eV, S EECRICE W TR, RO LRRRET AN EA SIS, Zhid, igteL
DEHRSy KFERVBRERE) RUELRERIC X W BREOITELTBRED 5 bREKO L OREL
5LTDHHLDTHD,

B 3-TICAKBREIZIG Cle A 7T A I L 2 —BREVR KR EBIZZB 2R3, KFRED 4vol%n>
BAMABRIUIZAY | 9 4vol% > B 6vol% TIE A RIT EFEIED I, I 6vol%i» b 8vol% Tk EF &
KR, %9 8vol%Ll ECTHRIIZbEE S, Z D=8, KERENK 8vol%Kili Tid A 7 FA
FZ X0 @EOEIROSIREE L. 8vol%ll ETIIRKEEMICARBIED 5, KFRRENENHZEITIE, Kk
RIZEFIZLMBIE L7220, KBRENEE S ITONTKEFR~DAKREBIERELC, 20T
THADKRBEBRECHZ EEZRLTNA,
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X 3-6 PARMAAABRY v 7

BV ONEIT, FEREBICELE
TOTARRTEEEA,
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(6vol% = /K FE < 8vol%) (8vol% = /K ZE )

Rl  KREFEDTHH
*4vol% = KFERE <6vol% : L HDIH
-6vol% = K FERE <8vol% : LJ-KFE
- 8vol% = /K FE iR . BHKE-TH

X 37 A7 FA ZIZLkBKEREEES)
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3.4 J— F5nE
BB AEE ST hD ) —F 4 XA — AL, B, BET 5 DEBESOME,
EHELOVEFEICL ) ELANSEZ2ED 5,

GOTHI Ca— FIZ X5 ZERMOEERICH LER T 5MEICRETEBREOSHELBREH Y |
ThHDOHBER 331277, ERPEHRTERTE 52 H0IE, ERANITHOMERRICL > THESE
AIEETH 5,

7o) =T 47 %K 3-81bR 31T, BB, /— FREITBEI N2 PEBRE RV
ZOEEOES, HEHE LOBVWFEIZL > TRHTRELOTHY  ITCLVBLNIHRENS
DHEFEIZ LV KRELEDEZERRNEIICTHIMLERDH D (R 3-48),

Fo. BETHER L —F VR L > THENRBSRARRDEER E1X, ZOEROLEMITIE
CTHEFEEZRETVENRELDLZERD D,

FEATTIX, RFFENDOBEM L AAFEOKRHBIR L L TV—7EOE 0ITEREENRESINS,
7o, RPFABROBBRICL 2B OV THRERIC, EREH L LTRFFTHRX Y E7 1 IZRE
Shd, ZhES T, BUERBKGBRE O FZ V00, RFPRMESNOSRBRERICHE D KFER
AZBEALTH, TR ENOERNCE W TERFHIC L VEE L TW5, RRICKEOEESER S —/7
VAE LTHEESNIERTIIRAERA T VAICHIF/FT L2200, AT VAETALEREL, K
FIFRWER F— A% ) — FIZEREHE L L TRESN D, EHEIT2EOFEOHNAE S
7y PROT Y N7y bOBFRER 3-121277,

BEOCORFIL, FEEBEICRLET
DTHRFATE E®A,
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& 33 HPEECR L AMEERDOLE

HAE EPELER/—F HMEBR/—F
R J— FROYEEREZEHEEL LTERT, i/ | /— FREZH T/ — FICEMESEIL, /
— FLDfEDEITIZ AR TEES L, Bt | — FROWEEEOZR R ORMELE
BT SR TER SN DA, /— FNTIIBRR | B, £PEHER/ — FL AR TERT
IC—RICIEBR R NRET 5, 5T EMNTE D, WREDTFR OELTE
BET 52 LATE S,
i A B SR FIPR& AN S T 0 X8 JRFIFE AR F— 28
RiF HERFR] HERFH
TR NAF—RAER] T R —{RIFH|
EE R EE R
(WFRHFRESE THLRME, ERNERE | (WTFhbitiEE Th s XM, HEET
IZxt LB ) IR R LB )
T EhER=C Pool/Drop Pool, Small Bubble, Large/Small
Bubble, Churn-Turbulent,
Film/Drop, Single Phase Vapor
HEM L | RELEEYRE L ORI O, Bl B, BE | ki mEyRm L oMo, BiE, BN,
EoREE | IEEIER SN, e e
AtET L | ER L2V k- e ETNARE
BAEfRE Lo PR AREEICBTDHEDE (RFyH—F

®F)

4-28




£ 34 /J—FnBoEZH

8 X

EEME 2
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THE

KSR AR

) — RaEl0E 2

BEVORNREIL, MERECRLEY
DTHREATE EHA,




N RERLET O
£ E 2N MO EERA

(Mo 2L f—1g) UKD Z L LHEIE] — A WHWREFREN TNl —c=OIHLOD 8€ X
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K 3-9 GOTHI Ca— FiZ X 3KBREFMEMBT  — FK (RR3INV—FFF U F)
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PEOVORNRIL, FERBCBRLE
TOTABRTEEZRA,




K 3-10 GOTHICa— FIZLABEFFHEMNER F—28/ —FT 1 7H

(REIN—FFFF)

BEOVORNREIL, HEREBEICBLE
TOTARTEERA,
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K 3-11 GOTHI Ca— RIZXAFEFIFEMESR F—28/ —F 1« 7Hl
(XT3N —FFF 2 F) HESEM

4-33

BEVORNEIT, FEEEICRLE
TOTARTEER A,
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MAAP O—F
1 AAHNRAOEHBRER (PLERER. KERE. BEED
BERHEE)
CV HOBSEDE . BRFLOZEE rj.:f;;ﬁﬁ-ﬁ*
- ~ *CV RIKEL - KR E
FUMITRR BN ER “CV OB SHEME D5
1 RAHRDDS CV ADK 1 RAHBRMD CV ~ N
FOBHE DK, KEKOEH
RV DT A=K B v
B E SRR : BABA A REHE
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*PAR [2&BKFRINEBETE)
THEAER
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IERA VT Y b F—H FERT YRy hF—F
CV N HE & ® ZERizBToRE <7 A—% (BE
OV MO KRS 5 R b A DR L OEREISCRE, A
CV NigEHowl: - & - it L i, EA, BE, =rFLEkE)
CV R 7LA . R#F. PAR, A 754 GOTHICI—F @ BFARICBTHREOET LD
52 ¥ OB BT R AR RRAE, ok, ENR Y
CVIEH. HIE. BE. HEOMRE UKSRARKE) ARAT) © BEEHREOREEEK, B
HROFEEREG 2 EOMELt W, NEORESFLE
1 WEHBPLOEERER TRV O #EEDEOESFORE, GE:

F—HHE, ERELIC LD RRE,
KERERMR L OBEREME

» >

R OGS BE L GEM 3 5

y

&

4
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3.5 AH7

GOTHI Ca— FIZX 3 KBREFMOABAEZR 3-12107F, e, FBERA Ty bT—
ZIIUTOLEBVEBRIND, ATy bT—FDOxei? RFFEARREET—%|, [E5
INRICEE 2R R ORI S28R UM EHZ28MA 1 ISR,

CV NDOREEBEOZIICHE LT (BS, KNhFEMEER L)

CV N XE IR S OBERICHR DT Wi, KAOFMER L)

CV NEEM DR, BEBEROWHER L

CV A7V A, BREGR. PAR, A 7 ) A Z 72 & Difaetir

CVIEN., RE, BE, MEDHRUMROTFESRS R L OMEILMH:

1 RIGHRP O ORBRBER =RV F—HE, FRFOICK SRR, KRELERRY
DEEF M

EEROHENICE L CEAT 2HEXRORESICN LED LT 5HE OfEE (PYnEHEE
A, TEERAZ L)

®©® @ ® ® 6 6

Q

ERREZA Ty b T—F L LGRBERITZERL, UTOT7Y Ty b TF—F %55,

® ZERMICBITHIMME T A—F FHEUHERI L OBRKEIERE, KL, EH, BE, =~
FNERE)

©@ BWEARIBITDH AT A—F (HEOHEIEOHERE, WE, EHRL)

BUEEM DRI N T A —F (REOBMnERE, PR, NEORESMR L)

BB O AT A —F (RE. CEREREBRSFOHERICHRDL L O LFERERY)

® ©
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4. FRIE, UMM
GOTHI Ca— ROKBHABIINT 58AEEZ LEIRT,

4.1 EEAGIIANT HHAE. LR E

GOTHI Ca—FoFHii~ Y v 7 2%&F 41LUIRT, £ 41T, iHMidRELRIBEDS
L H] Zvy7LR5bD%FFLTNWS, BERBITROERBITONFICOVWTENE 411
BENHALSEIIRT, 2B, KEERITOVWTIE, MAAP a2— FICX2MIERIZESWT, B
RINOERFEHL L TGOTHI Ca—FRitEabhdZ b, GOTHI Ca— FOZYHRE
ROXMEHNLT 5,
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4.1.1 NUPEC HEBRfFHT

NUPEC #8i%, ET7 v FOBEBRFEHERFICRET IAEORBL LT~V VAT AL
W FEEREME N 2 DI R R EZBICET 2R EDERBRTH D, 2 Tid, AKERETMEIC
w5 EEEH —5 R L7 H KR LOCA+ECCS EALK BMHAERA A LA) ZBEL,
FHECEEL L AXER - REAOTHE)., #E&EH L OBEERVUNTEMGE, X7 LA IXR5E
TNhERLE Lia— ROKRRETFRICRSMEIC OV TRIEEZFTV., GOTHI C 22— a8
EWT T FOBITICERCTEDZ L 2R TS (Test M-7-1), £72, NUPEC RERTiZA 7L
AR LEMH (Test M-4-3) THEBRBRINTEY, ZbizxtT 52— FOBAKICOWVWTS
WMRB L. A7 A RUERTBEHEBFHERERIC G 2 5B BERMT 5.

4.1.2 BMRERABR L DB
WM & OBRER UNBERE IR ETAD I B, EET T MEFTICHWV b5 S
REDBUREET WIZOWT, BT TFRILEERRT —F L OB EITo7e, EHT T FOfF
7 Tl Gido-Koestel E7/VENHET VOBRAREIRTFHEZER TSI L T. V= v FFRAICH
BLEAEREZRTFOCREL A7 Yo —F28AT 5, 22T, KEBICbEVERASH
SNEETLVORRT —Z I+ 552X 2WERT 5,
E£7-. AR NUPEC HBRAFT TiX., 22— FORENR S EENE 2 EYICTHET 5 2 & 05,
£ 0 HE TFHIMEO® O Diffusion Layer Model FM (DLM-FM) Z#MAH L T\ 5, &ERERICx
THRETNVOTFRHERIC OV T HHERRT 5,

4.1.3 BURERNTRE & D Hk
Wit & OBYRER UNBEVEE IR D ETAD S b, NHEVEE IR D ET TV TR
L7c, BRERICIE, =2 — FICX 2 BEHESBITRLZENICHERT 2 L2HEL. RET AR
a— FRICEEICHEAAEN TS Z L ZRAET 5.

4.1.4 PAR $4:RGE

KEAEREO 5> b, EREHENRE LTRESNS PAR I225WT, RimRETi e+
%K EAEMRER MR, o — FICEICHARAENTWD Z L EKRIET 2.

PAR DN BTN 22— RIZMAA TN TV D RICH LT, BiRfE L 2 — FOTRIE L ik
T3,

o, ERT T MRITICEE L, ZHMOLFIFEREDRND PAR OMREMROEH RIS
xt L Tik, THAIRBRIZBW T/ — FEI 2B E L ERMRITIC L VRIEE1T O,
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415 A I A FiZ X BKFEREETT NV ORGE
KFBUEBRED O b, 4 7T A ZIZXBKBRIEET IO T, a— FNET LVOZYHER
SEETRT,
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4.2 NUPEC B EHT
NUPEC THEf S N2 R FIRRAERZETRER (25300 19, 20) Tik, R IFBRHABESZENTE

B & 5 IERENRIE N A L ZEROBEEIC L 5 BRBRAR, BUHHAKEIKRCEMHERA L AICX
2 RIRIE T A PR 4370 R ONRA S ERERR S0 35 BB FER S, E CHRE Sh 5 IR
HAFIKEERDD, FRBRTIEIRBET AL LTV T LEH VTS, NUPEC Bk & kB T
Ehi SR & DA 4-1 (BEICW 20) 12577,

T TR, HEFEKT—7 A L7725 LOCA KD ECCS HEAKRM (BWMESRA T LAY %
FBIE L7z Test M-7-1 3&IR+ 5, Test M-7-1 £ OECD/NEA @ ISP35 ([ &N TRV, #s 10
2E, 15 BB THRERBIT A ER S TW5, £lo, AT VA B RE LW —F VA L7125 Test
M-4-3 IZOWTHRITEERL, A7V A AENa— FFAEIC S 2 2B OV THERT 2.

DBA BOBA
e B

'{ HOR (Ba2)
10000} ’

NUPEC (28]
HEDL (2)

1000 p

BATTELLE FRAANKFURT (8)
100 ﬂmg PWR OWNERS QROUPF (28)

]
oyt )
]

s

~
€ risa s (1)
- '
5 ]
[ ]
.
[
- 10 ¢+ i
|
'
]
i
'
]
1} :
]
]
'
=t §
AMN,; IMORE THAN 1)
]
0.1 A " s s A
0 10 20 a0

HYDROGEN CONCENTRATION (vol %)

B 41 BWEESA R UNREZEBRBROBUE L KSR BEFEE
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4.2.1 NUPEC B i
NUPEC EBREOBMENZK 42K 0K 431277, £/, FFIFRMHESRAr—IVi&H.
H A HER RSO T E LR R E2 UL TITRT,

(1) FEFIFRWEes
FFIFRAERILI NI A8 AL—7PWR © 14 HETH Y, 40— 7Y 0 KE R
ShTws, BBEFEHL1,300m3THD,

(2) HAHgH A
RBIILE2EOBAN L KRBT AORDY I~V VAT ARERI LTV,

(3) MBI AT LA
FRFIERMEREEE I NA—T 51085 21 BORT LA ) ALBRBEESA TS, A
7L A AT 0.75mm TH B,

(4) ZET MR
B BRI O BN ER 2 R 5 D EBRMER M 2R T TV 5,

(5) BtHIF{H
~Y U LARE, REAKIRE. £, EFF&MARERRE. KEEMRE RSN T
W5, ~NUTAREIX B 44 (B 19) [TRT LBV, EFFBAERND 5 2T
(RFIFMAR F—LATER (R, EL.194m) ROREFIFHRMELSE F—2o L5 4 287
(F#, EL16.7Tm) ) IIRBEINEV TV I Fa—TI2XvillEhs, EHEK
EfENBEBIMDTHD Z L0 LIRTFIFHERMESE F—2HBOEHEZRRL TRIEL T
W5, XEEERIRER CZERIREIIBESHC L VEHBAIL TS,
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L 1bdn

F
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PP

s Ir

8
¥

P

Q=

H#h : EPRI Product 1013072, GOTHIC Qualification Report, Figure 16-1

4-2 NUPEC B OB EXN

4-42



4-3 NUPEC BBRE{H PIER X DO HEEE R
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0

{w]
*a

EL16704

EL16704

* HeBMHIA
@ EnHzE

4-4 ~Y 7 LFHBNIE
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4.2.2 fRHTET NV

GOTHI C=a— K2k 5 NUPEC &zt D /) — FoElET V2K 4-5(2, [RFIFB AR
R—AEDHEI %R 4-6127R7,

BEVORNREIL, MERECRLEY
DTHREATE EHA,
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K 4-5 NUPEC &8 (Test M-7-1) WGOTHICa— Rk 3d ./ — FHEE57L

BEOVORNREIL, HEREBEICBLE
TOTARTEERA,
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B 46 JRTFHEARES F—LONY v AREREME & ERBITICRT S/ — Fadl
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BEVORNEIL, FEREICRLE
TDTABRTEERA,




4.2.3 fRATHER
NUPEC B DO ERMITERETRT,

4231 Test M-7-1 (RF VLA RUGEETHHH V)
(a) HBRGM

Test M-7-1 DRBREH2E 421077, RBRIIARBERTH CORERFEZEEL, K
TIRBHER THOHOAEIRUANY U LEKET S LR, BWEHRAT LA 2EEHX
5, THIREREDOEIBBIC L 2FFMBALT o7, ~Y U LARUEKOKH,
BHBBAT LA DEBZRFIZITo TS, N T ARUVEROKH, BHERAT LA
DEFRIT 30 sy T, ~ U U AORKHITRERBEL D 15 47T 0.03kg/s F THH %
MmsEfenb, LD 15 55H T 0.0kg/s £ THREEZHED SETWD, EROKH TR
56725 30 43T 0.08kg/s 726 0.03kg/s £ THRIHEZBA S ETV5, EABBRATLAIX
30 471 19.4kg/s —EDHKHTH S (B 4-72H),

(b) FEATHER

(1)

(2)

R F IR R A SR E S

GOTHI C=2— FIZ X5 REFIFERMERESOFMEREREZR 4-8ICRRT —F L1k
B9 5, BRFFRMASRENIHREBRBED S 10 5%I1CH 125kPa ETET LD L,
RMCERT B, Zhid. BHBEBRA T LA OEKEBICLDENET L, ~Y v LkiH
2 X 0 IR AN L CTBMREERNE T35 Z L I LA EHETIHBROES
HIRFERR T, ANV T LAROERBBICLDEA ERHRICL 2O THDL EELALNSD,
FRTRER D Th o EEHREBHZ L FRILTRY . BRBRLBFIT—H LTV,

R IR AN 2R IR

FFIFRAAS F— 2 MOBEKIRE LB ZE 4-9107 T, RBERLE LTL, KFF
AR F— A8 ES (EL.19.4m) LRETFIFHEWHAS F—2o Ef 428 (EL16.7Tm) T
ELRECEVEREZTRLTEY, ZOREZIIRKCSCREICEE 5, MIERLL
TR FIFBMAR N— AMIEEMED / — F &R FIFRAAS F— A EETfE ) — FT
OHEFATIEEZFRIC BT 52, RBT— X BOBEEEIHENLRV, L, BITERIT
RBRT—Z IR LTS CREOTHENSBEDS, L L, MITERIIETIFRWESRS F—
L2HOFFETIRE ORHEZLZ BFICTFRIL TRV, a— FIERERZ EUICEE L T
WBHZLEDPHERTE S,
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(3) EFFEMERADNY U LRE (KFREZED)

ERE DD ORHEALE B3 (B 4-312817 5 / — K 21) RUREFFEMER F— A8 (K
4-3IZBIT D/ —F 25) IZBITH~Y U AREORKEELOLEEZ, 4, B 410KV
B 4-11ic77, o, ERRBEBERVIVER TEHONY U LAREICXH L TR 412
[tz g B

AV T AFHERERC L, HHAE (/— K 8) b EFICKRHESh, £0 EEER
(/—F21) 2R TEFFENESE F—28 (/—F25) IC8ET 5. ZOBRICE
W, TBEMKXEO L LR — T DEK[FEERE (/—F 17) THEEhBELC,
I EHFORTFEAEZG (/—F 23) ZE Y EFFEAAS F—28IiIck s
na,

FRFFRMERSR F—AICBWTIEE— bV I ROR T LA I L BHBEANC L Y  fho
2 DDOERK[FEEBRELMEONEARZEE L TRANEL 5, BIRBERELHS (V—F
20 RO 24) PHA—TE (/—F 11 RO 7) ICELEFHIL, ZBREUNY T AICE
5 ERMICEEAEN I CTHREBRKKE (/— F8) ILHUVENEND, EFFENE
28 F—20 A A EEIC A 5 TRRIZZO THERE (/—F 3~6) IZELEZOL,
N—TE (/—F7, 8, 10, 11) (ZHfihird, BOKHTEE L bIZ/ —F81b LR
T5, 20X, BITOHS DRI E XA T LA 2L BBRBESTER S, BFIFRE
WA F— LM TOKRERREOKRBL, iz, RTFEMERO LI L THORERAKE
BEZIIFHAEL TV,

T CIE, B 4-10ICABN A K5 IC, MHEEER (/—F21) O~Y U AREHRK
BRIZH~, 900 B LARE—REAIZRDICHERS L T 5, 900 BERRICE W TIE, Ml End
NV Y LARESBDICELTEY A~V VAREOCE#MAL LTEASIERLEEZOLND,
T, REATIZ/ — F 21 OREOEMITEZE TIERL, TERITREM L 8 LT
~Y U LPREE B/ Nl 2 ERICH D BRIV TR, BT K E D> b _EER K E A~ 2>
5 FRFICBITBEANY TADT NA—LBBNT L5 REHRELATVEHDEEZL
N5, ZODOWEEN—T7 DERIFBEREENT~Y U LBEEH L, BTRKERTEO L
IS ET 5 KE (Wihd XKE 21 O TEICAE) [T\ T, BET S ALV—T7ESE
ABREOBEREA~DO~Y 7 AOSENREDICFHE S, Blh, MRS XE S B
DHRLFTEB~DONY T LAOBHERBRL Y REFHEL TVWDH I L EZFRERL TV S,

B 4-11ZEFIFHEAARE F— L8 0 5 2 FTicRE SN~ ) 7V AREOHAIKER (K
4-4, BELER20ZBR) &, YUHKMBTOGOTHI Ca— Nk iHliEREZRT, &
WBBRA T VAL L DILBENER H Y | R FFEMES F— 28 TiE~ Y U MBS MRE
Sh., RBETRICIZEZSREBEAREL 25, H 4120~ U LAOREDIEEN D
5375 X DI, ETKENC A S e~ U AL, ARBARELZEH L TEFFENE
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#2 F—APIZH|AL, ZZTRF LA RV — b Z7IC L 2EMICL Y | TREITRRETX
H & SHESh BRI RAERERVIMVEREZ TRT 5, 20O L 51T, Blo»b0EKK
H & R TIFRAAER F— A CORKERESRE S & 220 | R FEHAERNERERT 5
BB S, ~) U AIRFFRAZENTE—ICRESND,

GOTHI Ca— FIRFIFEMERENOEXE2EICORZY  BENOEEICES £
TONY U AREORME(LEZ REFICTHI L TR Y | R FFENESRNORE 22 5 TN~
VO LEEE RIFICHERLTWA Z B30 5, BB, BKE THS /— F8IZBIT5
AU 7 APREET, MITEREBIERBRICBVWTERBAELTWS, ZOER E L THEIK
ETHRH SN 2EBIPREB G2 BN EZIOND,

#£ 42 NUPEC #HBE&H (Test M-7-1)

KRBT —2 Test M-7-1
A

R N — L8 ED 139.7 kPa
RPN AR N — LEIRE 66.4 °C
RPN N — LR E 100 %

S IR EE 11 C

S (~V 7 ARUERR) R

~V U LR RE 0.0-0.03-0.0 kg/s
AR E 0.08-0.03 kg/s
HHA~Y U ARE 14 C

F R SR EE 165 °C

pdast vl 30 min
LB D V—7 R AR E
AT A

AT VAR 19.4 kg/s (70 m3/h)
AL A KR 40 C

i HEA R 30 min

AT A R (CEREE) 0.75 mm

AT VvA ) ANAE 21 &
LB SRk IA s K —A80
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Flow Rate (kg/s)

20.0

0. 10

0.08

0. 06

0.04

0. 02

0. 00

- (19.4)
[ Spray Water
[ - = =Steam
== Helium
| _.- 7 N (0. 03)
0 5 10 15 20 25
Time (min)

X 47 BHEHAEOTHESRM (Test M-7-1)
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Pressure (kPa)

Temperature (°C)

145

X 3B (F—L4ER)
 RITRER (F—L48)
. AT R (i X E)

140k

135

130 RS- A
125
120}
%300 600 900 1200 1500 1800 2100 2400
BsfE (sec)
4-8 JFETIFEMEEES (Test M-7-1) (/ — K 25)
70
| ¥ BB (F—LEH 19 WEs)
\ X BB (K—LH8 16 mgS)
o5, |  BEE (F—LEE)
X -—- RER (F—LE 16. TmiEY)
.
60_ \\
X\
x\ %
\
\ *
® N
B5L N k.
LAY
\\ *
x M
® \\\\ ¥ 5
20r " x\\“ - *
45- " ;H ““‘*u-3&.;_*;-_-'_-_—)“——’;
40 | | | | | | |
0 300 600 900 1200 1500 1800 2100 2400
F¥fEl (sec)

B 49 JRETFHEAAELS F— LAMBETIRE (Test M-7-1) (/—F 25)
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Concentration (-)

0.20

X BB (DJb TSGIEZRER)
+ :#HEBR (F—L4L#D)
— ﬂﬁﬁ%% (le TSGIEZEE)
: BITER (F—LAR)
0. 15¢
0.10r A
0. 00 ¢ X;_x+| | | | | | I
0 300 600 900 1200 1500 1800 2100

B (sec)
K 410 /—F21, /J—F25~Y 7 LABE (Test M-7-1)
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0.20

0. 151

0.10r

Concentration (-)

0. 05

0.00

— EL16.704m
..................... EL16.704m
______ EL16.704m
———— EL16.704m

S— EL19.4m EH8IA(100/D)

EHE1A(100/2)
EHEIA(100/3) (TSt SG KEIE L) il
FHEIA(100/4)
EH#1=(100/5)

20

18

16

14

12

Conceniration (vol%)

300 600 900

1200 1500 1800 2100 2400
e (sec)

(a) FRHTHER

T T T T

T T T T T T T ¥ ¥ !

..................... EL19.4m EH#IA(100/1)

------ EL16.704m
EL16.704m
———— EL16.704m
e EL16.704m

EHf £ (100/2)
EHEE(100/3) (REMr SG KIEE 1) -
EH#l s (100/4)
Bt 4.(100/5)

(b)

Time (min.)
BT — ¥
K 4-11 FEFIFEAELS F—28A~Y 7 LABE (Test M-7-1) (/ — K 25)
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1200 1500 1800 2100 2400

B (sec)

20
0. 15]
10

(=) uojyeijusous)
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1200 1500 1800 2100 2400
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2400

L L L L L
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00

20

0. 15

0. 051

%
300 600 900

1200 1500 1800 2100 2400

B (sec)
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X 412 FEFFRMAESRNESROND 7 LRE (Test M-7-1)
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4232 Test M-4-3 (RFL AR LEVESHED)

4-56 HEVONFIL, FEEREICRLET
DTHEATE A,




DTARATE TR A,

BEVORNEID, MmEREICRLET

# 4-3 NUPEC # B (Test M-4-3)

R — 2

Test M-4-3

eSS
FFIFHEAA SRR N — 2 8ES)
R FIFRNA R F— AR
R F IR N — AR
SRR EE

101kPa (K&JE)
28°C

S (~V U A ROER) HiiH
~Y U AR
AT R
BHAY T A BRRIRE

Jie H HA R

B E

0.027 kg/s
0.33 kg/s
115 °C
30 min

D NV —7 XRG4 A AR K

A71A4

AT VA MR

AT A KR

HHEAR

AT A R (EREE)
AT VA ) ANAH

LB
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K 4-13 JFKFIFEMEIFES (Test M-4-3) (/ — K 25)

PEWCORNEIT. EHEREBICBELETOT
ABRTEEHA,
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K 4-14 JFEFFEMNER F—AHEBATIRE (Test M-4-3)

PEWORNRIT. FEEEBICBELETOT
ABRTEEHA,
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X 4-15 JFFIFHEHESE F—LE8~Y 7 ARE (Test M-4-3)

BEVCONFIT FEREICRLETOT
KEATEEEA,
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X 416 JRTIFRMAESGRPNEMOND U LRE (Test M-4-3)
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#ECONEFE. BERECELETOT
LRATEER A




4.2 4 NUPEC RBRIZBIT B~V U AREORKR
NUPEC #BBRIZBIT 5~V v AREOHEIX., BMEERHNBEZFER LRI a~v /57
A —IZEVBESNTWS, 7Y 73, REDOPREBTAT LA KEDEEEZITIIW
BIEFEPROLN TS, FERREIZOWTIIER 44 (BEXHE20) OBV THD, ~V VA
BREE R R X RRREIT R,
2L, BREUOANY L2 THREPOHRET 2 L0 ) RICBW THEERICER S L/ Test
M-4-3 (Test M-9-2) & Test M-7-1 ORI XE K& UMW XE EEOKXEIZBTH~T 7 LARED
Bz BWT, NV D ARBEOEBICEERENRONZ, Lo T, HARRELIMZIEA~Y
U AREOCREICEEYRIETEREHD EEZOND,

R 44 NV ULABEHBRREIZOWT

Quantity location o value Unit
Temperature Each compartment and walls 0.2 °C
Dome top 1079 (0.011) Pa (kg/cm?)
Pressure Helium, steam primary circuit 2648 (0.027) Pa (kg/cm?)
Differential pressure of He,steam | 132 (13.5) Pa (mmH,0)
He concentration | Each compartment 0.01x[Vo0l%]+0.002 | Vol%
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4241 Test M-7-1ZBF5XE 8 DY 7 AREDZERITONT
NUPEC 358 Test M-7-1 (Z 33\ TREMT X E & OREITIXE] SO~ & AREDOEEO 5 b B
WrXiE (X 8) D~V v ARELEIXE R (Kl 15%) O~Y VARERZHET D L, &
W7 X T8 D 5 2SR K EERIC R TRV, B L IIRBEDOREL 2> TWS, Ll
5, Test M-7-1 TiIX 4-17 (&R 20) [RTHRBERDO LB, RABRBALAHE 10 4 (600
) LARED HREETKE (KE 8) DO~V v ARE X HEMIXE LI (KE 15) O~Y 7 LARE
DE L 2o T D, Test M-7-1 Tl 600 PLIRICB W T HRBEMTRE T~ Y 7 AR UEKZ L
THEY (K 4-18 (BB 20)) . HHIXKE LY HRWXE EHO~Y 7 ARENELS 25 LW
5 DITE 2T\, Test M-7-1 (23517 2 Rl KB O J EME A R 72 5 28 %2~ #H & L TUTFHA
HEIND,

a) WHTIXE (XHE 8) O~Y 7 AFRMEIX, ~Y 7 LAROERIBHAEIZEY, Test M-7-1 T
REASBHEZEORBRLE 25720, BTRKEIZEWTIIY 7Y & 7 OBRICERKEEREIC X 5
AEZERLTLEN, RooBER T2, BMcEEZ T 2BROMEICHENH TS
AR H D,

LEEDOLEBY | Test M-7-1 DRUTKEDO~Y 7 LAREIZOWVWTIL, EETXEO~Y 7 AFHHEIO
FREN SRR L THEEICEZENEC TV AREENH D, 22T, K 4 19CHKRE (KE
8) DREBRFER L ARITHE RO BRI E L3 (KE 15) ORBERLEM LEZFHERT,
FRAT R S IR X B (K 15) ICHARTHANY VAREZEDICTFRIL TV DA, RBRER
IZRWT HRBRBIMAE 5 9 % TIIWWTADO~Y 7 ABEOFRE, Z O[5, B XKE (K
H 8) AHEMTXE L& (KE 15) LV ~Y 7ABREREV, SWIRBETHI LRETH L.
TR R L IZIERBEDONY VARE LD LEZOND,
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He flow rate (kg/hr)

(vol %)

-
(-]
[«

>

Concentration

— Comp. 25
8.r — Comp. 21 |
o i == Comp. 156
o s Pt -
Vg >~ == Comp. 8
/ 3
4] 1’
0

6.0
4.0
2.0
qu A . A A
0.0 5.0 100 150 200 250 300 350 400
Time (min.)
417 ~V 7 LAPEE (Test M-7-1)
] ] 1 1 | I I
— [ : 30 Error band
120 -
80
40
0 IW | )| | | 1 1
-5 0 5 10 15 20 25 30

Time (min.)

4-18 ~VU U ALK& (Test M-7-1)
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Concentration (=)

0.20

a @ 0 o
o % %4
0. 15 kX i
= Y
OO q<
b 4
0. 10k %
OX
.4
XO
><O
*
00 % X :RB (KE®)
x 0 HE2 (KE®)
¢ — BERE (REO®)
0. 00 o 1 1 1 1 1 1 1
0 300 600 900 1200 1500 1800 2100 2400
Effll (sec)

K 4-19 ~Y 7 AREHE (Test M-7-1)
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4242 Test M-4-3 D TEHEEDNY 7 LAREIZOWNT

NUPEC #8& Test M-4-3 IZBWTIIFTRERONY 7 AREIZHA RBERO~Y 7 ARE
BEEHICEWER TH S, K 4201387 7 7050540 il (89 0.32kgls) L#BRL
R— hOEKIRHEGLEME (0.33ke/s) 27T, BITTHARL A — ORI KHELRE
(0.33kgls) ZEMLTW5H, ZD7=HIT, BERICE T HAKBZHEFICEZREL TWD
GOTHIC=a—FTiE, ~J VAREZARIVELFML TS L EbILS,

Test M-4-3 2§ A AHAIRORKRMRERRBR L LT, ~U v AKH, ZXKHE, RUOKHEK
EAS RSl & 72 5Bk Test M-9-2 BMTbh T35, [ 4-21i1c, £EA92ZE) o0 LERHTH
LR FIFRRMNESE F— L8O~ Y U AREZ B 5 &, Test M-4-3 DY 7 ARER S
m< 2o TW5, Test M-9-2 TEHDOEK M EIX 0.33kgls TH Y, Test M-4-3 IZxf LESE L
72GOTHI C=a— FOEN & A CHAKME TH S, £/, Test M-9-2 |% Test M-4-3 L 4]
HRERRR D0, FIENREIIA~Y U AREICKH LABRREENRRWZ LD, BEIAKKED
EOMOBALEBEL, Test M4-3 L LTEMLZGOTHI Ca— FOMEHT & Test M-9-2 D
RBER L LRI HET 5,

MW XE (X 8), AEWTXE f (K 15). RURFIFHMAS M — A8ICI0 1T D AR &
LHRBRER (Test M-4-3, Test M-9-2) & OB A 4-22~[X 4-241T~7 T, MITRERIIA~Y 7 4
PP E SEMICEDICTFRILTWAA, Test M-9-2 L —E+h@mMERD, £/, BEH ST
IZEAETONY VARBEORMELEZBFICTFHILTWS, KIZ, THREBEO~Y 7 AREIC
*f L Test M-9-2 & DB EZ R 4-25177R7, WWTXE &k EEAIEESKEICBWVWTGOTH
I Ca— RIZX A FRBCRMB/NHE & 72> TV AR, BET 2/EH CIXRF2 B iTb
THBKBERTHS, LeB>T, GOTHI Ca— NIHEHRBR L 12D Test M-9-2 12X LK
FIRMBETRNONY U AGHEZBEINCTFRILTWAS LD LHETE 5,

UEIZE Y, Test M-4-3 QN TiZ, REBRFHAHEIC TN S BRSO D, FITRERD Test
M-9-2 L —ETAEATH Y, BEHLFEHIED T TONY 7 LAREORMZELZ BFICTFH
LTWb5Ze2b, GOTHI C=a— FEIRKEMOBHZE K ONY ¥ LAILEEE) 2 8 U5
TETWHEVz 5,
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B 4-21 ~VU U LREEHE: (Test M-4-3, Test M-9-2)

BBV ONEIZ, MEREICELE
TOTARTEERA,
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K 4-22 HHXE (KEE®) ~Y 7 LARE

X 4-23

it X EE (KE®) ~Y 7 LARE

4-68

REVORNEDL, BEBEICRLE
TOTARATEERA,




X 4-24

FRFIFEMER F— 28~ U ARE

4-69

PBEVCORNEIL, FEFEBREICE LE
TOTARTEEEA,




X 4-25 FFFHERAESRNEBONY U LARE (BT : M-4-3, RBER : M-9-2)
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FEHOVWORRFL, MEREICBLETOT
DEATEERA,




4.3 HEEMEEEMRET T NV ORREREY

4.3.1 NUPEC RERFEHT T8 |T D HEM B EBMEET 7T L DRREERRTIZ OV T

NUPEC RERFFIT TIIEL L TURTIFRNESRNOTRE)., JEEMHEMES 2 DILBE NEEZEH 0
a— FFHEIMEZRET 5720, #EH~OBYREIC OV TR X Y Bo@FkfitE o &Y DLM-FM £
FNERERTH, —F. EET T FOBITTIE, BFFEMERATOEEME— b 2%
RICE2EREELREDICAEY, vy MEBEKRBEZ®EDICTRT 572012 X 0 R5FH
RAEMBMEEE 7L (Gido-Koestel 7L L WHEF A ORAEICRF7 7 7 2 & LT[ )
RL?) AT S, ZZTix, NUPECHRBRO 5 LRE T —RA L2 % Test M-7-1 ZXRIT, &
AT o HEHBVMREL ER T 7 PETNL LEBEOBREREBICOVWTHRT 5, 28, Th
SEMRBVRET T UIZOWVWTIT 3.3 2 BICTHRHAT 5,

RFFEMER F—AH0EH, BERAKBERVUANY VAREICOWNWT, X—RF—2
(DLM-FM &5 /)V) &RRE/—RZ (GidoKoestel EF /L NEET LVOBRKIEIRTFT 727 ¥
LU e®Ua) 2. B 426 ~ B 428ICH#T 5. BES — A TRl ~ORERRYE
BERRELSRDZIENDEAMETTHHMICRED, ZOETERIZLOTHTHS, ZHiE, K
FIFEERBRIOBRBIZIIA T LA BRI LEEM e — F 7 BEFEET D8, MIERLVX
BRHI L 725 2 L) BHEEM OBEREBMRZEE T VOB ENHAIICBKE R 5= Th 5, REEIC,
FRFFEENER F— 2O BEKIRERUANY U AREIZOWVWTHET AVEOZERIZ/NIV,
LI EX Y, NUPEC BT TiZ. T 7 > MBI CHV 28EM OREEVEEZET T MICD
WT, XY EEFMEEOREV DLM-FM E7 L2 AV TWA R, KEREOEEER L —7 A
ELTBREND TKEEW LOCA+ECCS AR (BWIBSRAT LA KRS | 123t L TEZED
FEREBTHHILOLEB SIS,

BEVOREIT, BREBICBRLETOT
RBRATEEHA,
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145

— EHREREETI
wre DLM-FNEBMEZE T L

140

135
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K 4-26 JFEFIFERHELRES (Test M-7-1, HEEHM B EEETT NVIREr—X)
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X 4-27 JRFFEHEHERSE F—LHBEKIEE (Test M-7-1, #EMBRETT NVRE T —R)
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4.4 BMRERBR L OB

ERT T v MBI 2 BEREHE R OGZMEIE TIX Gido-Koestel (B2EX#7) LA (B
EYMR 5) OBRKEICHRTFHELER L 2BHRIEERELERA L TS, Zhit, Y¥BXETLVOR
LT E~DERERNS . EERTFHICERREEREL T L TRARERERESE, ¥
= v MREREZRTFHICGHET 2720 Th 5,

Gido-Koestel E7 /ViZ, XRIC L 2BRUOPHELEOT T a PIZES Bz, #EMERE
BEOHNIC L D EEEEDREZEB L TN\D, 07D, FEEHEET ZAOEET. »ofifidhs
WHBBREICB W THLERAETH S, X7 LA BEIC L) EFFERMERNO BB AT
T3E, YEEH T CEAEROBVANEIC L 2BV ENERSNS, EHT 7 FORITT
i, BICERBEEORERFETFFENAR F— A TAT LA BRS¢ b, ARICK 588
TEEMEE— FAXERI L 25, NHETVICK D FRILEERT —F LOKKER 429127 F, 2D
9 h, EBEITICBOTRLNS A —F1T 101~1083(Wm2-K)DF—F Th v | @BBRER YIck
D W70 2 S LR A BRITIE, BREIRBBLRE40%REICNE 5,

£ 75 PO T, EREF ML 2R ERkc [ R U s L cEgEBRC
REL, Vv FKEBEZEDICGHET S Z L 2BRAL TV, ZHIZEFIFRAZEREN O EH
K[EBEMCREENEC2HMICERIE 2D, 72720, BMEHED VT U A TIER T LA 23
BLTINC I ZEENREN L 252, £/-. REMOFEL 20 . BICRTIFRWAES F—
AEIZ OV TITRER & HEM BBEEIIHNE T 5 Z L b2 DORBIIREN TH 5,

—JF. BEBMaEE T V& L CRoEREE D @\ Diffusion Layer Model FM (DLM-FM) G
OTHIC=—FARIZHNEENL TV (BEEK ), RET ViE, HEMRE DOKREDELLR O
EMREEEOTMEHICBITHIA MOFELEZER TS5 L TTFRIKEZR ES®TW5, X 4-30
2. FEOERICBIT S — by REOEHE L — FORIEES DLM-FM OTFAIEAZ R, %
ML — FOTFRIL, AIEEICHLEWEETERLTEY, 95%U LR E20%DOFHRBEICEEN
TWBZ b, EORBEFMmEIIHZITE,

723, NUPEC RBRIRILICH WV TIL, HWEHMREOBREEVRERE L LT DLM-FM 7 /L %8
ALTW3, 2k, ARBRTIIAT VA GHRXEN L2508, e— b7 e 5HEM LD
BIRZREREOMREEICE 2 2R BITER TE 2 HO TR W=D K@ HEE OV DLM-FM
ETNEBEBRALTE— F U7 BB AI RN S /NS THZ LT, RBNZHRDa—FETL
OFAMEEFET 272D TH 5,

BEVCORNEIT, FXERICBRLETOT
BEATE TR A,
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Predicted Q"/DT (W/m2-K)

Predicted Q"/DT (W/im2-K)

Uchida

10000 UW/AIr/-1atm
UW/Air/Pressurized
Uchida/N2/1atm
Uchida/Air/Pressurized
Uchida/Air/1-atm
1000 Nusselt Theory
CVTR3
Debhi
UWFC
100 Park
11
20%
------ 20%
10
10 100 1000 10000
Measured Q"/AT (W/m?-K)
Hig : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-42
4-29 PNHESEMEBEROER TR
DLM-FM e UWAI/-1atm
10000 A &  UWArPressurized
X7 e UchidaNrtatm
/ s  Uchida/Air/Pressurized
. 2 o Uchida/Air/1-atm
1000 - <ai o Nusselt Theory
£ L .« COVTR3
2 A . n Debhi
- £ x UWFC
< +  Park
100 e 1:01
o ——— - 20%
# s 8
s
10 -
10 100 1000 10000

Measured Q"/AT (W/im’-K)

Hi84 : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-40

4-30 DLM-FM 0 EE T #4514
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4.5 BMSRRATAR & DL

a— FRARTICL Y., 1 REBMEICH T 2BITAEL GOTHI C2— FIZ X 58BEOER (F
R, i, B X 28WEM OREZ O TRICK LEEEATbh T\ 5 (B3E I 21), =
iz, PHESEHOREIC—EDCBNELZEL., bONEERE—ELTH2HOTHS, ZOREIC
XV, BUEEM DREBER T 07 7 A VREITEL LTRLNI D, B 431, FHEEERORF
Prig & BIEH ERE R OB AR, BEHEERIIRFICEITEL B LTV,

Zhib. GOTHI Ca— FiIZARAENSEEET NP EUIHEEM N OBMEE LML Z
EBREES T,

- BREE =k =12 Btu/hr—ft-R
- tE#E =cp =0.1 Btu/lbm—R

- BB =p=400. Ibm/ft3

- HEEE=2.in XEEOHE,
- FIHNRE =500. F

- PRRIREE= 200. F

600

0O fzireg
— HERREAR

500

400

Temperature (F)

300

200

olllllllll]llll|ll)l

100

1 1 1 1 1 1 L 1 1 1 1 1 1 1
25 50 75 100

Time (sec)

H84 : EPRI Product 1013072, GOTHIC Qualification Report, Figure 4-8

X 4-31 1 RITBUREET )L L SRR O Bk
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4.6 PAR BHERGE

4.6.1 PAR T X 2 /KFLEEMEREFFAHZ DA A4

KFRAERE & 725 PAR IZoW\W T, RELHHHET 5 KBLEIZHR S MREFEXAGOTHIC
a— NIZEYNTHEAAENTWVWDS Z & Z LA TFICREET 5,

PAR DAKFENIRICE 4 5 HEREFFERIIS 3 5EICTRA LB TH D, RMEFHREZGOT
HICa— FItAAAR, a2— FBHETAIKEOBHAE (ZZCHAELBEEELRELT D)
., BEINSFHFREOMBE CHMMEL LR L, ZOBEENRHDITNEVIEERIEL TV,
T CII—EDOKHEZEE L, TOEARICB T IBERVKEOREILL ENEEERT D, FIXKHE
DKRERE (FHELL) ZEGEHICHEMESE, o2— FTHEIN 3 KFEOEHE & HEEFHERXTE LI
HEE 2T 5, EAZM 1.5bar R 4.0bar IZBWT, GOTHI Ca— Rk 32ARARFHE
FER L MREHRIC L AEOHEE R 4-32 R UK 4-331R 7, fERZHAHOEE L /=B T#1% H
BL7-fER, GOTHI C=2— FIZHAAEN 5 MEREFHEUIERMEIC T L, & 0.3%L ALV D
BRIV BIFICHERLTVWAZ L3R TE., PAR OKELRICET24HRXIGOTHIC=
— FIZEWICHEAZAEN TV S Z EBBRES L7,
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KRFNFEE (k g/h)

KFEMEEE (k g/h)

25 |
=
2
15 |
1
— o— FFHElE
05 B HEedRc L AE
O 1 1 1 L L 1
0 2 4 6 8 10 12 14
KEERE(Vo 1%)
B 4-32 1.5bar (23175 PAR {45 #HE 70 A Zr i B
5
45 |
4 [
35
3
25 |
2 -
a | — o— FFHElE
: B HEEdRICLAE
05
0 L L 1 L L L
0 2 4 6 8 10 12 14

KEREV o 1%)

X 4-33 4.0bar IZ351T 5 PAR M:E il fRAHE A Ak B



4.6.2 THAI #%

BB T 5 PAR OHRETHERIZ THAI B (3530 22) ICBWTRIESh T\ 5,
THAIRERD 5 &, HR RERIL F A VERREFRNEORBICLY ., FA Y=y 281D Becker
Technologies GmbH (R4 YV OFFEMELFER VT 7 v FMliESH) ([T X Y THAI AR BREY
fETiThbhie, 5H, FENIC PAR OAZREL., KBEZWMAIEDZ L T PAR IT L5 KELH
HEER OBEBAOTAERRZFHEI L7 HR-3RBRIZH L, GOTHI Ca— Rz X Y EBREIT 21T 9.
ZhiT XV, BRI IT 2 PAR SRR O ERSBIFEORY ML T T,

4.6.2.1 THAI RBRGMH K URR

THAIRER D 5 H, HR-3RBORBREHEE 45 177, R, KFEHHFFICHIT S PAR
IZ X DR R OKERHEZEFLELBAERICL 2AEENEZHEL TWS. RBRTEAL
TeEN AR, KRB BERE R O SREEHERE. KBEBREFEHEZUTICRY, 7=, THAI#BR L E
BT b OFHHBER 461077,

(1) EHEHE
HR # By ) — X CEALZENEREE 4-3¢4KR U 4-35277, ZhidERE 60ms, &3
9.2m, E&3.2m DRATV VASKARTHZ, BEFAEANIL 180CIZHBNT 1dbar ThH S,

(2) AKFEOBEZGE R OFHIRE
HR-3 REETIE, EARBW/AEIZ AREVA #OREA PAR BB fHiFbhTwna, £/, KER
ERNREOFHIMELZR 4-361277,

(3) AKFHH

F 4517 T X 912, HR-3 RERTIL 4 DOFFEIFIC & W KFEOKHRIRAR72 5, PAR 23FH)
BtET 2 £ TITRBRARITEREOKRZ M T 5. PAR EBIRIIKREARZRABREMGICHY
BZ. KBEREROKEBRBESHICLENT 58 FZHET S (Phase 1), PAR AADKRRE
MEBLE 5.8vol%ICEFEL /- Z L 2R T 2 L KREAZ —EHH LT, PAR QOB X HKE
REOHEDZRET S (Phase 2), AFMEIZLY, PAR AODKRREN I LE 0.75v0l%IZF
Eh, BOKZEEAZRAL, BRABKICELIEZTKERELZ LR SE/=0L (Phase 3), k%
% FIEd 5 (Phase 4), KFFAREOELEZK 4-37I7 7,

46.22 EBEEE L PAR MEEEER & D H#k
HRRABNBICEEH R OKERELHZEE L. RRERNORESCKEBEELL O S 2 MR
LTW5, PAR DA ORUH AIZERE Liz/KFEFEFELE. PAR AOHOIEFZEDORENRT A —
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% Y 9 RBREFD PAR HADKEREEIS (gfs) RO, RBREBORBRAEBNOHEIEDZ AN
PAR MEREFEMRIC X B KERERES (gfs, kgh) L DOHEEZTo7-EE, B 4380 L8 k<
—ETAEENELNT,

4623 GOTHICz=— Rk 2fiEthiER L RABRLE DB

(1) ftreT7L

THAIL REBR O ERBENT 2, ERICB T 2 KBRERITICEVWTERALTVWSGOTHIC=—F
& W Em LT,

GOTHI C=—Kizk 5 THAI RBREOETNVLIZ, RBRERY 1 REOEFELR/ —
MICX ViS5 1 KEFHE S (K 4-39) . ZRESEIC XL 22 KB4 ERE L7 (K 4-40),

2B, WThOFHEIC B W T HHEEN ~OBYRZIC W TR, R#EFHEtED &YV DLM-FM €7
NEBERAT S, PAR 7 0ViF, RBREBOHERL L TEY2ESICEEL, KFOHFHERIT
AREVA # X W Rt SN HBEXEZ AN SR L LTEZ 5, ERAFHIIES TEOKFBHRHAEIC
REL, RBREHFIIRESNET—F2525,

BEVORNEIL, MEREICRLET
DTREATE LT A,

(2) FEPTAER

A1 REEHERIC L DRTRE R

© ED

BIRREN DR L RBRT — % L OHBZ R 441177, TERIIRBROEH 2 Mh BT
ICFRILTWAEEZXSD, LarL, REBRTIIBAL 92 DRITKBOREEIC X 5 380RES LM,
F7o, 92 HBUBRIZBWTITRRT —F L L THRITRROENPEDICHBE T 2Em L 2o
T3, ZOFEREE LT, RBRITEVTIL Phase 3 TPAR DBRBABELTWHDITRTL, fif
BN TIIAKBORELEE L 22 &b, BITTRARMREN ERIZA OV &
RaNICFET SHEEERERE< BRI ZENLEABRTRLRNEDEEZ NS,

@ RE
BRaNOERIMNEBIZBITA2BHARBEDHITHELHART —F L OLEBE K 4-4212777T, @
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HrTix PAR O8RS PAR SRERBENIC—HRICIIET 2 X 5L, BEIIBM TH 5P KHEIZ
BT HKERELZB/NGHET 5 2 & TOKEABEER OUWLAEIZHE S BEE B/ GHET 2EMmICH 5,
E . BEEAER L2V L OERNORABERIVRFHHSN DS OO, FERITHABROZED)
EBMOARFIZCTFRHIL TS LEZD,

HBRIZIB\WTIXBASE 92 531% (Phase 3) ICKROBEECL Y, AR LM TR REE AR
HIBHM, BT TIIKBORFELZEIEL THRWVWZ L6 ZOEETIR LR,

ENTIIASEEY 1 KETHEEL TWAZ b, MTERIIB L ERBEROEHRELBHHRT
5L LN AR TIRAR THIIKAFELRIC L 3RBOEELZ I W D LBITRERIC
HARTEWVMERZTR LTV,

@ KFRE

BERNOEESMEICRIT HKBRECHITER LRRT —F OB A K 4-431T7° T, TR
RIRBROZHEZPMRRFICTFRIL TS EEZ D,

RERZBWTIERAS 92 4314 (Phase 3) ([ZKERDRBEIC LV KRREXBAOTH0ICx L, #F
W CIIKEORBEL R L TR Z &2 6, Bits 92 SURERIZE W CIIKRREN T ER O
PRBT —ZICHE_THR BT 2L s, £, ZOBMIZOVTIEIR 44405 HHERE T
&, TR RITRBRER L B LT, PAR ICX 2 KELBRBOBESENI V2L, —HEBNICE
BLTWAKEREZZ THIT S,

B. ZXEEHEIC L DA

O EH
BEREHOFRTERLRBT — % L OHEEZE 4-45107F, TR RIEIRBROZH 2N RLT
ICFHILTEY, &R LRBRT—ZOEROFRIZOWVWTIX 1 KEEE TOZRRLEFETH
%)a

@ RBE
BaANOEESMEICB T 5 RBEXIREOHITH R L BT —F L OB AR 4461277, T
Y 7R & KB REZ RO TR RIIRBRT — 7 228 IV IR EMW & 72 -
TV, ZOFEE LT, ##HTTid PAR O3FRAS PAR SREXENIC—HRICHLET 2 L OB L.
FEIIEMTHLBRENZBIT 2 KBREZ R/ 2 Z & T, PAR 12X 2/KELFEE K UYL
BUCLE S REEE/NEEd 28 MIcH B, £7-. Phase 3L TR ONBKEORELZEEL TV
BRNWZENORABBEDVR FHT 5, E6IC, REGFEEMLIZZ LITL Y| EFTOXRE
BRECESCE— MU ZICEBBPBRICHE SN Z LiIZLD2bDEEZLNS, Zhitl
REEEEIC L DR BT 22 L THHAINRTRETH S, 7o, 1 KEEEE COREm L Mk, R

4-81



BRTIIBAMS 92 5% (Phase 3) IZAEDOREIZL Y, B L TANREE FERR LN M,
R CIIAKFEORELZERE L TRV D Z0FEHEIZR LR,
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vesser Figure 4. Multiple Band Leak Path

Figure 5. Schematic of Experimental
Equipment for CSTF
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Fig. 1. Schematization of the test COLIMA on the concrete crack sample.

Fig. 2. Instant of the spl of one of the

samples (left ), and view of the inlet of a crack sample positioned and sealed in the flanged steel holder (right).
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so-called "quench" temperature. At temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, H,, and H,0 are too slow 1o 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 suddenly cooled to temperatures such that the gas
composition is effectively “frozen" at the equilibrium composition for the "quench” temperature.
Experimental evidence suggest that the "quench” temperature is 1300 to 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this temperature range for
the calculations done here.

(6) Solute Mass. The mass of solutes in water pools overlying core debris attacking concrete
has not been examined carefully in the experiments done to date. It is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In(0.05 g/kilogram
H,0) = -3.00 1o In(100 g/kilogram H,0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water

pool 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 to volume fractions of 0.1, Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1.

(8) Density of Suspended Solids. Among the materials that are expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/em®) or SiO, ( p=22 gfem®) from the concrete and
UO,(p = 10 g/em?) or ZrO, (p = 5.9 g/em?) 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 to 6 glcm®. The upper limit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

(9) Surface Tension of Water. The surface tension of the water can be increased or decreased
by dissolved materials. The magnitude of the change is taken here to be So(w) where S is the
weight fraction of dissolved solids. The sign of the 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:

o(w) (1-5) for e <05 }
o, =
{o(w) (1+8) fore 2 05

where o(w) is the surface tension of pure water.

(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 to believe smaller particles will be produced if a water pool is present, Examination of
aerosols produced during melt/concrete interactions shows that the primary particles are about
0.1 um in diameter. Even with a water pool present, smaller particles would not be expected.
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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 to In (2.5 gm) = 0.92.

(11) Geomel : : (s The aerosols produced
during core debns-concrele mtemcltous are assumed to havc lognormal size distributions.

Experimentally determined geometric standard deviations for the distributions in cases with no
water present vary between 1.6 and 3,2, 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
difficult to marshall because of the sparse data base. It can also be argued that smaller
geometric standard deviations will be produced in situations with water present. It is unlikely
that data will ever be available to demonstrate this contention. The geometric standard deviation
of the size distribution is assumed to be uniformly distributed over the range of 1.6 10 3.2. Any
correlation of the geometric standard deviation with the mean size of the aerosol is neglected.

(12) Aerosol Material Density. Early in the course of core debris interactions with concrete,
U0, with a solid density of around 10 g/ecm? is the predominant aerosol material. As the
interaction progresses, oxides of iron, manganese and chromium with densities of about
5.5 g/em? and condensed products of concrete decomposition such as Na,0, X,0, A1,0, Si0;,
and CaO with densities of 1.3 to 4 g!cm become the dominant acrosol species. Condensation
and reaction of water with the species may alter the apparent material densities.

Coagglomeration of acrosolized materials also complicates the prediction of the densities of
malerials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of aerosol trapping 1s taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/em’.

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 corrclation of acrosol particle size with
particle material density was taken to be too weak and insufficiently supported by experimental
evidence to be considered in the uncertainty analyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:
n IM
D, s{—) —-— cm

where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:
D, = 0.0105 ¥[o, /g(p,~pPI"?

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

31




2% 1-2 “State-of-the-art Repot on Nuclear Aerosols” ,

NEA/CSNI/R (2009) 5 O¥REEORBROBE

9.2.1 Aerosols in the RCS

9.2.1.1

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not established) then these agglomerated giving rise 1o a mixture of compact particles
bem'ec in size at the point of measurement. The composition of the particles was found to
be dominated by Cs, Sn and U: while the Cs and Sn mass contributions remained constant and very similar
in mass, U was relatively minor in the first hour at 1860 K evolving to be the main contributor in the third
(very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size information was measured.

9212

Further interesting measurements for purposes here were six isokinetic, sequential, filtered samples located
about 13 m from the bundle outlet. These were used to follow the evolution of the acrosol composition and
to examine particle size (SEM). Based on these analyses the authors state that particle geometrical-mean
diameter varied over the mngc(climinaliun of the first filter duc to it being carly with respect
to the main transient gives the range 0.32-0.56 pm) while standard deviation fluctuated between 1.6 and
2.06. In the images of filter deposits needle<like forms are seen. Turning to composition, if the first filter
sample 15 elimnated and “below detection limit” is taken as zero, for the structural components and
volatile fisston products we have in terms of percentages the values given in Table 9.2-1.

9.2.2 Aerosols in the containment

9.2.2.1 | PHEBUS FP

The aerosol size distributions were fairly lognormal with an average size (AMMD) in FPTO of 2.4 um at
the end of the 5-hour bundle-degradation phase growing to 3.5 pum before stabilizing at 3.35 um: acrosol
stize m FPT1 was shghtly larger at between 3.5 and 4.0 pum. Geometnic-mean diameter (dsg) of particles m
FPT1 was scen to be berween a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometric standard deviation of the lognormal distribution was fairly constant at a valuc of around
2.0. There was clear evidence that acrosol composition varied very little as a function of particle size
except for the late settling phase of the FPTI test: during this period, the smallest particles were found to
be cesium-rich, In terms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the selubilities of the different elements it numeérous deposits giving a ¢lue as to
the potential forms of some of the elements. However, post-test oxidation of samples cannot be excluded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available information is debatable. Nevertheless, there is clear evidence that some ¢lements reached
higher states of oxidation in the containment when compared to their chemical form i the circuit,
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