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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,

2.1 PULIMS RERIZB W\ TOKPIZE T S 8-804

EROKPTOHER Y ERICHT HERFHE LR 2.1 ITBHET D,
EREMAFICLY FEEICB T HKPICET DRI OIED Y 8 R UERIZLTO LB
WeEz2bHh5,

O FEFFETEx ¥ ©T 4 TOBERIF LOYES D ZFEEHIZONT
JRFFETEX ¥ ©7 4 KR TOBERFLOILA ) 8L, BRE LOIBEKE R U
RMIFLOETERRECREINDS, FKFFTHX Y ET 4 KP~DOERMIF LE TE,
EREODORENEOVIRE TIL, EEBIEN/ NS W OREIMEL | FE23 5 HEITHE <
25, TOH, RFFRETHX Y ET 4 KEOBZHIZ LY, BRFE.LOE(LEE 2358
THITHEST, BEAELS 2D LTI REMESELS 220 | BRI OTEDS Y 1 386H
S, TO®%ELET S,

@ FEFFETEx ¥ T 4 TOBERMFLOBRIZONT
JRFFETEX v ©7 ¢ FRICHER L 72 BBFE LI oW TE, RFFETHF Y BT 4 KIC
% T T 2BRBIZEBNT, Mk L=BRF AR TICEETLZ L. HDWEIZ T
A MBS DRI, ZILEBD Y 7 A FEFERT 5. BRFELIISILER
ERD B e L RITBEHTHHE0. LB T A NOTEBET 256055, B
FLELar7Y— oML, 2EBEEL TS bITTIERL, BoMICEBEETIC
Xy v 7HEREINLTVWD, ZHUZKY, fIE»SERPO TE~SKPRATDHZ LI
L HGBHDOFEEMEL® 5,

3.3-114



Y YO U OYA € FLHE («

ot Hil Hi~k His WG’ L~G'F wz 0 A
weo'0 &y wwQg FHE
e 0 Ul s E WSl S 5 Y U5 s Y U5 x 0 Uksl | A= & | BLV WO i
(0,97 L2¢ D,¥96~087%
S0S¥G K MGZO T~¥8ST | : W) Hik 0,021~08 D,LZ0T~0L8 o i O
39091 ~0¥1 ST G~ ST GT~1 ST [~ SIN 6T ~€ eWE~LT | BE B dm)
AUy
SN tepxQ “EONM-EONBN | Y “0®D-€02d
Ne twoay |y TSR] N 1eRlg ¥ BN g K] <4 | N CE0M-e08d G
as ‘art (& B1) Az az “at az ‘ar az ‘at az | WEOBEFREE
(Auewian)) (dUBLT) (uedep) (VSN) (uapamg) (Uspamg)
¥E3E SV ¥3E ANTIOD ¥ AVHAUdS ¥E3E "INd ¥ HES ¥3E SINUINd

i O EE

1'c 2

3.3-115



3K TOHLA  ZEEOBE K OFHEIK
(1) 7K TOWERIE LI O 2B OB

TE7 VT A0l LR O, KPICETT 28R\ T3kt L,
KEHTREDORETRFIF TEHF v BT 4 RICHERET 5, BRFFETHF ¥ E7 1 RICHE
BLUERF OIE, EHOEETIERSM, KT F THX v E7 4 KEUKE CHRES L
5 L CEIEBES, R TIER YV IXELET S,

PULIMS ERICIV{EONI-MRE LY, BEFFTEHF ¥ ET 4 N TORERIZERF
DOFERYDOKRE ST, UTFONRTA—ZIZLIVREINE EEZDNSD,

- JEA3 0 BREY 77

BERFE DL K EDEEZRICLY ., BRFLITIIAKRP ZIS 28 ABEL S,

« JEAZ V) B S

Rili BEIZER S22 7R M X 2EEDEIMBH Z & ROERIFE LOBE L ETr 2
EIZED ., BERIFELORENEML, BRFEOOILS Y Z2Mf+ 2 HB4EL 5,

EROEBY ., BRIFLOIER Y OKRE XX, BRFLEKOBEZEIC L D030 OB
B ORMA T —n &, BRFLOBICORMA T — N EDBAIZL>THRED , BIER
BAFHUTIEA 0 3Pl S 4, HE VRO TITEL L TL XV, BEEEL Z2iud, L3
DITREL RBEME 2D, K 3.1 KUK 3.2 12U EOZEB O %KY,

3.3-116



Break-up (DH|FR) k ——

R piv &3

MU I FRUARR

X 3.1 BERFLOEBETFHOILNICESEE

LS KADRIEE

BbIz & A FHBER

FE~omEe  PRE

3.2 ERIPOOIES Y IZHR D BURE R Bt/ FH) 58

3.3-117



(2K TOERIF LIEN Y R & & R o+

SR[TITIE, EAE LOKP TORER W ZBE L TO LB ERILLTWVS,

IRHR L U CORICHERR U 7= B8RP D DS LD 2 BR D BRAS Y 72 & 6, {3V RF DAY 0 K
TR T 225 (1) OB TERENS,

:; — TS5 (1)

8sp  VARIF DD BRAKIE S
Geap : RERSNC L 5 5/NE S (= 2,/070n0)

C: LeilES
T : ERYF DR Y R TR (= Topne/ Tsotrd)
13 pﬁ,-’z

N : EH— AR O 1, B — e h X OB 6= [W] &

Tuam | WS D% Y RHERSR )= )

Tsotid * ﬁﬂiﬁ’blﬂﬂﬁﬁﬁﬂ#ﬁﬁﬁ(ﬂ:ﬁmﬁw

qw'ﬂ“qﬁ:—‘mv‘;:np

(1) KXV, BRYFLOILR HZBEOREZE S PEH S, ZOEL ERFELO%
TEMS, BRFLOENRYVES (IEXY OER) BEHTE S,

F AR R ER () W53 0 B t OBRIZQRX X W RSB 720 L2 0 BEREZ (2)
ARTCEHTAI LN TES,

() = Bt @)

Biw P T T VB YRS Bo=(E) B * g = 0.84(46)°=

Ty o RTHYIC AT REAR B RHEDS V) B (m)

AT, : AR DIEEE (K)

Coum * AR DB /ke/K)

Qup : VERUF O EEOBGRE (B R O ifi#nE) (W/m?)
an ¢ TARLE O T OB R G i =) (W/m?2)

q, : AT Y 72 0 O FAEEE(W/mS3)

He : P O ORISR ke)

3.3-118



n : ANEEEIE()

o EREORER S (N/m)

O © VAR 2 E (kg/m3)

P © KO E (kg/m3)

g AKFIZIT B EIMNEE OHIE (= g(pm — pu) i Pm) (0/s2)
g 1 E /1N E (m/s?)

v FERE D OBIRSERE (m¥s)

Ve : VAR DA (m3) = %
m : %ﬂfﬁfl‘.ﬂgﬁ(kg)
G: =V b LA »Ihghno o RARE O O R B (m3/s) = ?T::

te P BETFAESIEOFT TV EEEEREG)
fo | BRUF D TREOTV b LA VEIEC)
B © FEHVERF L FE (kg/m®) = p, (1 — &)
£, ¢ TR LA A REC)

Z OB, B R ERBREL DIED V) R DR S 8,08, MERSTRFRE (ARE O O3k
A3 B - IARF DB T 2 £ TORM) OFEFRICHFTHZEEBHRL TS, &
RF DOTEA Y BV, UIELT 5 £ TORMBEVEAIZE, ERTEMTIIARE
mY, ®RELT, R RORMBRIBRESS,ARE L, #RE LTHER Y BRITNS
{72%, M, BERIFLOYENR Y BRV, IELE TOREBREWESIZIL, ERTk
TS 20, BERIFLOEINES 25720, BB ELFRIERD,

EBIT, EROER YT MOV TIE, PULIMS RBE OWERIZE D, TOZ 44
PRENTEY, M33ItaTeky, ERTHOLONLT —F LFHMEET V& DHERIE
EEh, Bh—8L TS,

FERFIMICIB T, EANNAT A—FIHTHERTORHEZEINCE XD LICX
V. RS0 FEEZOW TR 2 ET 5,

3.3-119



Dimensionless thickness L, ...

100

=

P e m— T 100 -
| —— L=T2 | cA130 i z=C.T N |
L=3.5T"
o El &

Dimensionless thickness L. ...
=
(=1
¥ |

1 10 100 f 10
Dimentionless time scale 7. Dimentionless thickness L.,

a) b)

K 3.3 230 EF ¢ PULIMS REBER L OHEE

3.3-120

100



4 FERFTE

INETOEBROMENDL, T 7V Py FBRRFF Ty BT A RICEETHET
DETBEBICBWTHA SN TEIED E ERICEZET 2561 BRFLOIE Y XK
<20, AT, BRUF.LOSYE TRAICHBRIL 72 EIT & 0 GHIPEDHEITIE, BRFL
DIER VIS RBEEEZLNS K41 RO 42 IZENETNOHEOEXK ZRT,
RRERAT T, 26D —R T M LOIEA ) mREZEHL, MAAPa—F
DT D AN FRB LT 5,

ETBIETER
f@@%ﬁi@

PRl

K41 ETRCGHEINTRIBEOEZIRICEZET S —X
(BRI LS OBRENREE S, BEBEIEN/NSWEDIERY B RELRS,)

B TBETER
i L B
31 F RO 8

B 42 ZETRICHRALZR EICX Y GRPED T —R
(ERIF L2 b OB ESR, BLRIEHRKRE S RD1-DIER Y B3 f Snd,)

% 4.1 12 1 BB QR FIFAESBEFOBEMIFLE TREFIZOWTRT, o, £4212
HETRICAH SN TRIEO L TRICBET 27— R L ETRICHRLZR LIz L BHN
e — ZAOMBLEIE L IBRBEOBBREE LD LD TH S,

MEDOT—ATRE. 77V V=y FBREFFTEHX Y ET 4 RICEEST 52 ETOETHE
BIZBWT, BRMELOBRHPEE WL S REHFL LT, MAkELLE L, £/, &T
BREICE T AERF LR THX v 7 4 KB OBRZEIC L 28MF LOBELD
ELLLTWS,

—H. EOr—ATE, 77V VP MBRFFEFHX Y ET A RICEET D2 ETO

3.3-121



% TIRRBIZBWT, BRFE.OOBHENED X 5 225 L LT, MEbEIE 1L Saito DFHES
REAV, £, BRFELOBIBRIZ OV TIE, ERUFLOBEE 5033 Tk & BRH
TH 2 LTS,

FMMEREEE 4.3 ITFRT, EBNYVERIZHOWVWTIE., fMEDyr—RXATH 7.Tm, BEFDO»
—ATHI1.5m LizoTz,

F 41 EBERIFPLOBREEORT A—%

HH e
AN MNEE [kel 48,600
H R [s] 100
AV MERE [K] 2,554.05
BEIKIEE K] 408.05
AV FEEE [kg/m3] 8,463.1
WHEIKEE [kg/m3] 931
Uy bME [m] 0.4
v x v MRS [Pa*s] 10.5
Y=y hREESN [N/m] 1
AV BB [J/ke/K] 4846
SEIK B [J/ke/K] 4,280
HATE RN -0 O [Wikg] 264.2
E{LIRE (Tsol) [K] 2,308.25
WALIRE (Tliq) [K] 2.308.25
AV S fREL [J/kg] 326,415

F42 BIr—ARRTEIERANNRTA—F

ETRICBH I TRIED % FERICHRIE 72 Eiz kD
FERICEET B —R BHAHET e — R
AV MR EEIE (-] 0.0 0.66
Vv MEHIZX B
BEEOBGEE [K] 0 245.8

# 4.3 BRIFLOILS Y SRS R

ETECHREA ST RIED ETRRCHREZ2 BT XD
FERICBEZET S — X BHRD T — A
PERVER [m] ®7.7 15
A3 EAE [m2] 947 1.8

3.3-122




5.2 Sk

[1]

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

Pavel Kudinov, et al.,” Experimental Results on Pouring and Underwater Liquid
Melt Spreading and Energetic Melt-Coolant Interaction,” The 9th International
Topical Meeting on Nuclear Thermal-Hydraulics, Operation and Safety
(NUTHOS-9), Kaohsiung, Taiwan, September 9-13, 2012.

Sehgal, B.R., Dinh, T.N., Green, J.A., Konovalikhin, M.J., Paladino, D.,.Leung, WH_,
Gubaidulin, A.A., ”"Experimental Investigation of Melt Spreading in
One-Dimensional Channel”, RIT/NPS Research Report for European Union
EU-CSC-1D1-97, 86p., 1997.

Greene, G.A_, Finrock, C., Klages, J., and Schwarz, C.E., "Experimental Studies on
Melt Spreading, Bubbling Heat Transfer and Coolant Layer Boiling,” Proceedings
of 16th Water Reactor Safety Meeting, NUREG/CP-0096, pp.341-358, (1988).
Suzuki, H., et al., "Fundamental Experiment and Analysis for Melt Spreading on
Concrete Floor,” Proceedings of 2nd ASME/JSME Nuclear Engineering Conference,
Vol. 1, pp. 403-407, (1993).

Fieg, G., et al., "Simulation Experiments on the Spreading Behavior of Molten Core
Debris”, Proceedings of the 1996 National Heat Transfer Conference, in the
session "Fundamental Phenomena in Severe Accidents”, Houston, Texas, August
3-6, 1996, HTC-Vol.9, pp.121-129.

Alsmeyer H., et al., "Overview on the Results of the RCA Project on Molten Core -
Concrete Interactions”, FISA-95 Proceedings, Luxemburg, EUR 16896 EN,
pp.231-255 (1996).

Konovalenko A. and Kudinov P., “Development of Scaling Approach for Prediction
of Terminal Spread Thickness of Melt Poured into a Pool of Water,” Proceedings of
The 9th International Topical Meeting on Nuclear Thermal-Hydraulics, Operation
and Safety (NUTHOS-9), Kaohsiung, Taiwan, September 9-13, N9P0302, 2012.
Dinh,T.N.KonovalikhinM.J., Sehgal, BR., "Core melt spreading on a reactor
containment floor”, Progress in Nuclear Energy,36(4),pp.405-468,(2000).

Maxim J.K., Investigations on Melt Spreading and Coolability in a LWR
SevereAccident, Doctoral Thesis, Royal Institute of Technology Stockholm, 2001.

3.3-123



Wit 32 BFHRARy FOBHMESR L RIFET L

BLFHRA v FOBEAWEICOWTIL, @EEiEE O DR EFEROFmIZ WV T EE R FHE
LRDIEND, BRI LE < OERP R UMITHIFESTTOh TETWD, 7z, TMI-2
EHUREIT, BAFEEZRNRE LEHRLED LTV S,

FT7 IV Ry RGHIZBETIMEDOEERERD—IL, T 7V Xy FOBHRRM, HEE
B85 ERANEINTHY HEEDONRTA—FIT T Iy FORIFAT U MK &
EZ DN TV BT HRTFHR_y FORERTT 26 EK L LR/ 4 52K O KR M5k
BT TV Ry FRNTEREND RLTFIRT 7V Xy FOFHEMREOERARE 2 E 2-1 1277,
RREENEWE RFTICT 7V Ry FRNTRIATU MBAEL, 77V Xy RORERE
BicEm< 25, ZORDOBBEE FFAT7 Y MEWRK L 25, FIFRT 7T Iy FORFA
77 NRAREIX Ex OERBMTOI Ex OMBEXBRESNL TV S, ZDOHRTH Lipinski
0-DETN (& 2-128) X, PhEWVRENLREVREE TEAMEL S TEY., K
{fEDLHL TS, MAAP =2— FATH ELFIKIC X~ 5 Lipinski 0-D €7 AKLFHR~_ > F
DOBHOFHIZFERA S TW5, Lipinski 0-D EFATIL, K4 77 bBGREIZ, EiC
BFE, a7 a, HFEmS, ENICKFT S,

3.3-124



e WNDY DR -

BFR~y FRREIOFHETT L

114 2-1
HE . A AEBFESE EERMEL BH) BATEBK (ErkitE)

3.3-125



f+3& 2-1 Lipinski 0-D &7 /22T
HE : BAEHEESR HREREL GH) BARTEBR (ERTE)

S A%

EBR L O

¢ . Lipinski®®0-D= 7"
Lipinskitd & FL 5 onfE Z4ER o Sl &fH T,
[ iR CFLICER ¢ & Sallih o e, MWD
o, TARANFOR L FH I L TRV,
e 3%
ovlv=pg, It
s o=t (54
oo/ mmu+ po Uu/ ket po g= A Pu/ Hy +++(8.15)
WAk ()
— o Ut/ woy— Ut/ ke - p.g=d Pi/ Hy
XA NHEE

«=+(8,14)

(8.16)

ovUod ho=Q Hs -+ (8.17)
Ehoegat®e

AP, — APi=a(e/5x)1? «+-(8,18)
-,

U R B
x B CoEEy
p Sl Co @R

Kvy Ky Moy 7 0 B R ATRUEFMTOKBDILR

WIE (fE e it)
TT 7 U~y FAOFETRTFENS ¢ ORET,
UFO L5 ckbLTna"Y,
x = (d*/180)e3/(1=¢)?
7 =(d/1.75)e%/(1—&)
Kke=1=1.11s, x,=34°
m=(1—s)* n=s

RO PR R FV B &, $0(8.14)~30(8.18) %
SFFV 2y F ERTOMAM g (=QHy) T

ATHELSRS,

g =pvd hows [ {1+ (uz/wm)? 2—1] ---(8,19)

u :90(1*1:]{ o i it }/
YTU175d Lae(1-1.115)  pysd

{ syt )

oS
_ [de*lp—o)e 6a(l—e) ;
e [1.75(1“:) {1 ed(p;— pg ) gHb }/
17 B2
[_ 1 1 |

| mll—s¥ .Tpg’ ]
BS54 70 RO, RU8.19)Hs
<1) EBLTERELEBEMHELT

k=3
=5,

Fo4 7Y kEEE (W/m)

] T T T T T
Hardee-Nilson'" W/
. ]
Lipinski O~ D!}
W (Hy=20cm)
s ]
|-

™

" A ! Squarer, et a

1

FicF7 7
# * Gabor-Cassulo!1®

! Somerton-Catton'3!
¥ : Barleon-Werle!2® 3%
© : Dhir-Catton™' ™
v ! Dhir-Barleon'™
o . Shirds-Stevens'®

¢ Abe-Sudo!1®

1050138 B Sowa, et al.U®

1 i 1 1 i 1

5 100 2 5 10" 2 5
#FEd (oa)

3.3-126

@ : Trenberth-Shires®®




(5438 GOTHICa—F)

4-1



B &

| B = 4 L Y OO OO 4-3
I 4-4
R = ey AV - 4 = - OO 4-4
2.2 T U T DIEZR oottt e e ennnes 4-4
2.8 BBEIBIIEN S 6T 7 PITE cimnismsmsssmsssmsssmnssmnssmms soss sosi sussississs 55586 ok S o S ot 4-5
B W T T U comvcnsamsnvumss s b B B B B S 4-9
= o T, 4-9
3.2  EEH BRI BT T T /b oo 4-11
R T 2T OO 4-12
S S < = - USROS 4-27
BE NI s B 4-35
A BREE. B TR oo 4-36
41 BERSATOETE., RUMEMEIETIE ..oommmsmsssmmssmosssssssnissmisssssssssmis swisssssssssns 4-36
T N0 D O OO 4-40
43 WEH BB R T VDRI .ottt et 411
44 BUESEBEOEY s s s 4-74
45 BMRERRHTAR L DHBE oo 4-76
4.6 PARBFIERERE ....oooeoeoeeeeeeeeeeeeeeeeeeeeee ettt 4-77
47 AT FTAFICTE BKRBRIETET IV DBRRE . ..o 4-99
28 T AR IITE . i i RN R A RS K R A A 4-100
5. BRSO i s R 4-120
51 AHENZOBIRWIZOWT GHEFEEOBIA) e 4-120
52 FENSOEFEICHONT EEEFEREDOBR) 4-121
T 4-123
TATL BT 3 — RIC BT BT B e 4-125
TRAT2 PANDAGRER ..ot 4-126
WS RBRAT VAR FOBIRINENT DUV T e 4-133



1. BT

AREHT, ARG EICBET 2 BERESIROAZMREM (LU, THMERHE &#59.)
DHL, KEREMRITIZBWTERALTWAGOTH I C(Generation of Thermal-Hydraulic
Information for Containments) Ver.7* (LAF, [GOTHIC=a—F] &#H¥,) IZ2WT,

- AMERHEIC I W TEE L R 2 BRORE

* GOTHI Ca— FOFET AR OAH BT 57585

* 2 Y PR

* BRI~ 0D A 1
ICEALTELDELDTH D,

* GOTHIC Code, Version 7.2a-p5 Windows 2000/XP (with associated GOTHIC Documentation), EPRI Palo Alto,

CA, EPRI Product 1013072, 9-Feb-2006

4-3



2. HEBROKE

2.1 FTFH—4 R L FEEE
GOTHICa—FREHAINS., BRESBE LR IZE T 2BAESRBET— Flzo\» T,
BEMLRER S — 7 A, RUEDOEROHR L FHEHBZEIZOW TR T 5,

(1) KFEREE

BANE ZHEEES IE AR B A BRIIE T — R T 2 /KBREETIL, FHFEFO R FIFBMAERNO
BFEE 2 5 VIR R VR FIFRMARNTRAET 5 KFBOILE - BEZE 27 M T 5.

IKFRBEICBWTIRET 2 EESEH L — 7 v R & LT, Kl LOCA+ECCS HEALM (BA
BMAT VA RS 2BET S, BEROHITBVTL 1 KFRH D OBWITRIC X 2 FFIFEHARA~
DEBTXNVFXHENBEETHY . RTFEMEENOES - REEFNROND, £z, BHR
D—EIE, AT VA ROFEIUTHE D BEfE. BB RE T3 2 KB TV, ISR S LY
VT~DFRAICED,

fFliZ, ECCS DFLEARBIZL Y, BHRABRBICRRET 2720, REAEIRREIC
EY ., BMT 5, BEOBREBRIZBWTKENRE L., B0 bR FFEMESRNICKE S
5, B LT-REHIREFRARZEB LEFF THX Y E7 1 IZET L. RFFEAESENICIEIE
FIFENOVNVa=y A—KRIGTERINZAERKRBICHEB IS, £, BFFEMAARNIC
B BHERA R - EBRERROVERMIFL - 207 )V — MEEEAR SICL > THOAERRAET
%,

e LToKFIT, B FBRAARNICRE SN7OKFRAEBRHEIC L VLB Sh, BFFRAERS
NOKEREOEMAIE S5, ZOBRICEWT, FFERAERNEOEH R NREIL, K
FIREMARTABICBIT 2 HEERXAVXICL W EHT S,

FHEER IR TP ERNOKERRETHY , FENAF BB 1) ITREShd LBEY,
JRFIFRENB I OKBRIRED N7 A FfFHITHE LU T 13vol%lh T IIMRRE D 5vol%ll T Th
TR RIIPSETE B LTSNS,

22 FVIDESE

AREOARI 12. AHMFMEICE T 2PERLOME ] THESh-HERBEZDOS> H5GOTHI
Ca— FTHET 2FRICBWT, BETRIYEBAZEZHNRIC, K 2-10ERICHE-T MH], TM],
L] RO 1) oF 7438, TH KO M) 2B -EASFEERS L LTS
Do

4-4



#* 21 FUUDER

Sy ST DER AEETOREW
H FHEEIEICAT T A RERKEI W | PEBASIIHTITAENSIEERLEOL
tEZONLES BOREMITEIZ LV RD, ERGEMICE
i A FHEEE R NEEREE SR E~ DR E
Tl 5
M FHEFEIR IR 2 BN PRE | ERHEBLEET 5 L T—EoREZHE
EEZBNLBER M, BEMN TH] ITHRXTHEETRWY

BERTHLHD, LT LHFHENSITE
% ERERHM 310 S FHEFE R R O EER R
FERIE~DOEBEFHI T 2 BTV,
AR CITERFHE A~ DR R & B AT
FIZLVFHET 52, THI & RERICFHE

THo L&D
L FHEFERICN T 2BV S | FREBZEERT 5120 ET MEITL
LEZLNDER B THDHH, FHEEER EER R FHRE~

DEBEPRALNPITNSVIHRBRTH D
7o, BREE, REUMERHlIECE LRV

I FHEfERE ICRT LEEE 5 2 v | FHlfEE R BB SR~ EL 5 2
, UIEETRVWHRS RV, NZEECRVWEBRRKTH ST

. BREE, FZYUMEFHIIIECE L2V

2.3 WHBZRIIXNTEHT 71T

KEBEREZFMEELSL L-HBEBRE T 7 OBRER 22170, UTICHAT S, £ 2-10E
BV, PEBRICXH LTI 74T 21T0. TH RO M) IC5BESh-DESIREEESRR
ELTHH L,

2.3.1 KEH - KEN O

45 BEVWORNRIL. FEREICBLE
TOTABRTEERA,




2.3.2 [k OBsqE

2.3.3 #EH & OBRER VN EME

2.3.4 AL VLAEBH

BBV ORNREIL, FAEREICRLE
4-6 TOTRARMTEERA,




2.3.5 KEHA

2.3.6 KFENE

BEOVORNREIL, BEREBEICBLE
TOTARTEERA,




£ 2-2 EMAESEPIEXROF MM KFREE) 077

7K EIRBE
Bog | EEs KRR
(1) KR - KEHNOFiE) H
(2) [RiEFEE=E L
(3) &M & DBYRER CNHBVRE H
JRTFIFHE "
e (4) ATV A &H E
(5) KFEHRAE (GOTHI Cz—FTII#HRELRZVWED
)
(6) KFENH H

4-8




3. R T iz 2T

3.1 =— FlE=E
GOTHIC=a— N, RFARET T v FOBRMYL AT LOFHRT2FEHHIC, KE NAI
(Numerical Applications Inc.) IZX Y AR INZILREREMFIr=— K Tho (BECHK 2),
a— NIYEE, =XV FROEEEO 3 RFRZ X - 1 - REEO&RESICER L, REs
B, BREHEX, FEERKR MR E2H< Z LTk ik, SEMOMEER., #iE0
VEEh % Z 58 L 7B IERT S RIRETH 5, HEBICB W TIREES AMROEZEE N TR TH D, ZMi
J—RELTEEIN, Thbid Rk vERIS, /— FIZEPEER. BWITARENET
SEIT HHMEBRIZL HEENEATETH S,
(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

4-9



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 .
1
| %y7*|

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

K 3-1 GOTHI Cza— FEFMEERE Y T LVET IV

4-10



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

A T A R X BAREREEET LV

4-11



3.3 f#tres v

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

X 32 GOTHICa—FOEFN—K

5 )L

EAK

- R, R, D725 3OS

- HERFR, = FREFR, EEERFR

- 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, =¥, EBEORFRLEEOBRA L UHEX L b TH
BRI E | RTIFRMAESRNOREB ZEET 5, MAEOEMICT L TIIEEERBORENFTRE
ThY, ZHOMREOFEIRIE, HMEAOHBEERANZEIND, £z, ZhbiliEicdbhdE, 7
AARVPIAPBEET DI LABARETH D,

(1) ZERICATET IV

/= FETMIREFERERET N, /- F2ARERETHRIT H0MEBRETNED S,

4-12




EHEHR/ — F T, BKAFNEEDR ) — REHE LTbh, fi&&HE0 /) — FEOEE.
TRNFROEBREOEITIL, / — FRERORKERE, EERECHEENZEE L1 SRk
DEgEIND, /— FRNOWMER LR DBE, /— FRNOKRERNZEMEL, RHEMIZKHE23F
7£3 % Pool/Drop Bk L 725 (K 3-288), £/, /— FRICEEMEDOE— M7, &
WroFEOBRAEHERET HILATES,

SHEER ) — FTIE, /— RE2EEOV T/ — RIcpEl+ 5 2 &L Tk OBUK H3ERRERDZE
BB P HEMICERESND, /— FAOER, =X VX ERUESHEOZEMEIT, 7/ — gk
BlEN=RA v Va2 lEERRT, AREFBEICLVROLNS, £/, AHEBELZEKRTOET
IMERTRETH B, DHERR/ — FTIE, [ 32TREN 5 HEERSZE S, HEERICS
U REBREE 2R TR S REOBMRES 2R THERIC L Y ZHh S K g h 5,
DHEFR/ — FIIRRAC L VERER R/ — FEERTHZ 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
I L THEOHRPRAE =R A FICEMR RS, ThHOHEERD S b, HAROREICBITS
- 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,

4-13



WAEPHRECE MBS, Thick 2@k REIRmox LERT 5, Zofmicxt L, HEo%
HiniE, BniE, EHEL S oRERIL, FEOomECBT 2ERTRIVIANT U ANLHEEEh
Do

AROEMICR L T AR U ELEROT o P2 B R T 2EmN 2TV Lozl
REtEShD, BRRIEILUTOERY L225,

Qv! = vaAv! (TH - Tv) =5 ﬁhvs
Qu = HyAy (T — T)) + iy

ngHu B ﬁ%{ﬁ'%‘ﬁ%&

L s P2 LR iR
!gm,;il PEEFANE
Ay : FmE
TvrTI:TH % iE_E

(3) £&»

ZO XS ICRFIFRMESRANOZR Z@EYIC ) — FoH U LT R mOMMzELR LT 5
i L OPMRELZRL T 2 - X L @b THREORFEZ M Z & T, KEfH - X#
NOFBIBEES NS,

4-14



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

K 3-2 Z—HEmETI

4-15



' 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 RELEETNV

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)

4-16



3.3.2 &M & DRY=ER VN BY=E
itk L ERE L OO, B, B, BRMcEREE s (B 3-588), LTI, G
OTHI C=— FIZEMEh 2 REBOLRBZEET NV ERT

- BfAEMnE (McAdams (ZE3CHA 3) : B B, Dittus-Boelter (Z%& 3R 4) : R
< ENEVmE (BEm-XfH, BEM-BEd, Stefan-Boltzman (£ 30k 3) HizH5<)

- B AVnE (NHE (BB 5) - AL (BEXH 6), Gido-Koestel (2% 3CHR 7)., Diffusion

Layer Model (2% 3CHik 8))
BUREETT ML, BRI TOLRY L5,

Qeona = A’t ‘lwv Heong Acn &de

Heong - REMEEMBELREK

A : G B

y 1 s R ERS
Acn  ARBAE
ATpng - REE

BB, MEVRE TOLARIIUTOLEY L225,

Q w ='Qc|md > Q:m,, + Qm + Qf‘ﬂd

PHREM R E OB IL, [IEOTBIRE L RIS OEEE, IEREEIEN 2 DIFER EREHM
BR KRR, REOWEIRORIICHEBEZZT 5, =— FTIE, EBRHEBREN 3 S 2R i O
BhOEEBLEZERTH5EERNOTTAVEAVTINLEENZER IS,

BHHEFICRFE 1 IRB OB EAM BB S5 &R FIFRMAEIRNICERTDIR D 5 25, EH X
b— b7 &) Rl CARIEENSER L, LRI 2R IFMASE ) & ONR B O M=% 5-
T5, —FH, BHESRATVAICLH0H, BER=L = MO X 2TEEO B RHitm H25Bss &
nod L, MEMERRICHDWHEPFREZNGED D, ZhbmAM —HBEMBREDR. ZhbiTxs
T 572 OO _ LR OEEE R USHRBMREE 7 VI K il S h 2. LU T IS R il O B BYnET
TNOBMEEZTRT,

(1) HE7Te—Fu X (BER 6)
H A C%Elii L 7= Safe Project (B3%&3C#k 9) 2BV T, 1 KEOFAZMIZH$ 5 Kl LOCA 7
r—&v Ly (CHKH) 28E LEON-EREEXTH S, MR L2RDZKEDBHER, Kt
FNXREE, BEEROBEIZX Y, Te—F 0 VRO Y — 7 BRIMEEREE ERT 5. 2B

4-17



AKX ER—RZ LIEER EEERXA, B AEAORET T HFESRMAHIB T 2R FIRRmESR
fEEMRHE R CRIINERMEICERA S T3,

(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 ORIECL 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 MR (ZEIOK 18)

4-18



(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,

4-19



T (KX - FREEMEIE T 2)

-3

OEMEEE (HfRMRE)

TR BnE

B - W=

(FR3E - Vbl SRR - R X V)

QEMEE HEEE) |
P :
# - YRIE ;
CBERE S - R~ |

& (Structure) K UNKIEE

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

WHEAHEE GHi#nE)
R aE

(BEfE  XHEEM R )

R (F—nK - U TKE)

<___I

FERE

X 35 kLB EMOREER @EMRE IR 3BETYMREE)

4-20



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, BHE, =NV X ROEGHRORFANCENTEET D, A7 LA OREEICHTZ-
Ti&, /7 IFARTA—FZ (RAERUORE, RE) BANCIVEZ NS, AT VAL ETANR
RESIND/—FTiE RESNTEAT VAR / — FRIZHET 5 LEESHh, BF. BN
- TETIDHMELRD . L NAZAVTRAT LM KRORNAGMEZERT DI L HTE 5,
A F VALK BFEDOEHE R OB, [IRFEOBURE, MEOMEE(LIL, HHM OES) Bz &
bz, REE AEBRE RERN» ORI LV ERS S, #BRKICoWT, £
EFRAR Y 22— A TIX Pool/Drop TRENRFD, S EHRICEWTIZL TR S 5 EpRl
ZRIh5,
* 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,

4-21



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 DO T OKELERFE OB L B LKFEOBRES S L < ITREEELEICHR
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
%,
VIR, AKFLEBRHE CTH D PAR, KEBBERIEL 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,

4-22



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,




LT BIZZEDOEBOKRE B ARBITIZ X o THREE L. BRICR T FEMASRNOKRREZ K
TEELIHENHFETE B,

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
DOKEHAEITE S EREN kST 5 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>
BAMRIRIUIZAY | 9 4vol% > B 6vol% TIT A RIT EFEIZD 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,

4-24



¥ 3-6 PARMARAHBT 7

FHEVORNAFIT, FEREICBRLE
TOTARTEERA,

4-25



(6vol% = /K FE < 8vol%) (8vol% = /K ZE )

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

X 37 A7 FA ZIZLkBKEREEES)

4-26



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,

4-27



& 3-3 HPEECR L AMELR OB

HE EPELER/—F DAAERFR /S — F
R J— FHNOYBEREZFHEL LTRT, i/ | /— FRAZY 77— FIEEHESEIL, /
— FEDOFREDRITIINARICTHEES N, Bt | — FRNOYEEEOZR R ORHEELE
BHII A TEBSND A, /— FNTIIER | B8, EPEER/ — R TERT
IC—RICIEBR AR RS T 5, DI LENTE D, MEORHEOER %
B4 5L TES,
i A B SR FIPR& AN S T 0 X8 JRFIFE AR F— 28
(ESE=e HERFR HERFH
TRV RAER] TRV FRER
EE B RAER EE R
(WFhbtEE TH KM, EEOERME | (WThbRERETHLRM, BEET
IZxt LB ) IR R LB )
T EhER=C Pool/Drop Pool, Small Bubble, Large/Small
Bubble, Churn-Turbulent,
Film/Drop, Single Phase Vapor
WEM L | ELEEYRE L OMO, BME, B, B | Al EEYRE L OMO, BME, B,
EoREE | IMEEIER SN, e e
AET NV | ER LR k- e ETNARE
BAEfRE b LS e ] AREEICBTDHEDE (RFyH—F

®F)

4-28




% 34 /J—FnBo0EZLS

8 X

EEME 2

BT IF i 58
F— A

THE

KSR AR

) — RaEl0E 2

BEVORNREIL, MERECRLEY
DTHREATE EHA,




YRERILMTO WL
2 E I EMER S Mo B

(Mo 7L f—1g) UKD ZLLHEIEL — A WHWEFHEN TNl —=OIHLOD 8€ X

4-30



K 3-9 GOTHI Ca— FiZ X 3/KBREFMEREN ) — FK (RE3INL—FFF )

4-31

BEVWORNEFIL, HEREICRLE
TOTHRRATEERA,




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

(REIN—FFFF)

BEOVORNREIL, HEREBEICBLE
TOTARTEERA,

4-32




K 3-11 GOTHI Ca— RIZXAFEFIFEMESR F—28 /) —FT 1« 7 Hl
(XT3N —FFF b)) HESEM

4-33

BEVORNEIT, FEEEICRLE
TOTARTEER A,




MAAP 3—F

1 REROEAELER (FLBRMER. KRRL. BOHEMER

&)
‘CV ADIMSERE . BRIFLDES

ELMRETRE

1 RRMD CV ADKED
HHE

RV #OTLa=ry L-K
REIZ&DKFEDER

' E
ERITRER

1 /BB CVADIK,
KESOBEE

A 4

('
ERRETRER
*CV RIKEL - KR E
% “CV OB SHEME D5

*CV RO EHED

L iE Y. e Al
#h NS RI=E B KRR

@

@
@
@)

i . Gk =] bt
GV PTER WL BB AL BKRER
v RIFMERDC | | rsvoamcrakmsm
KEERBERE ~ - -
P
TLREAEER FUBTHR
1 REHD OV ADKED AR RRIC LD KRER
BB GRER) }
RVADTLA=Y L-KE rERRRICSSKRERR
RE®) © BE®
Y
GOTHICO—F
CVAHDOKFRESRDES
*PAR [Z&BKRNEBET)
TR
oV ADEH-BELE (@)
OV DEEEROEZARHFRSOBRE(®)
EERALT Y b F—F EERT YRSy hF— s
CV P K i A ® ZEMICE BT A—F (HE
OV O KRS 58 T4 s y 4 CHER T L OB OB, K
CV NigEHowl: - & - it L i, EA, BE, =rFLEkE)
CV A7 LA, BT, PAR, £ 74 GOTHICI—F @ HEFEARICBIHHEOET LD
B 72 ¥ OB (RFAFHEBAKRRE BRWE. fok. Nk
(AsRihie) AZHT)

@

CVIEH. REE, BE. FEoEmET
HROFEEREG 2 EOMELt
1RFDLOHEERER U= X

HE. BRIEOIC LS RNE, AER :>

AR E OB RS
R OGS BE L GEM 3 5

y

—

® PEEHEEOMNMSERE. BT
o, NHORENFL L

O #EEDEOESFORE, GE:
r

4

X 3-12 ZE#TT ¥ MR DIRF IR 2R K R EE Rl OB

4-34



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:
1RAPLOHBERBER =RV XHMHE, ERFLICLSERE, KRRERREOHER
eSS

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)

® ©

4-35



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,

4-36



TR O LRI EWI 2 T NI OREE. X

A £
TMWUENCTNL VL4 b
AU LT & YV

LV 2E

8¥-¥ &
PP-v A
ee-¥ A
ge-v A

(LTl

BgrioL L)%

BRI BI) 1/ L F Ty EIY
A LBy HI

AL EUEY

AU L He T

(B3 “femw "3
KGEN WK E) VLT
WL FWBE

v &

0s-¥ ¥

6c-¥ [

(L)
WEEZ) T—Xx¥ LAV £L— /7
A LU ¥ T WNIGHE
heds

B QWY O ¥ R (EYW
A LA

91-¥ [

e1-¥ ¥

ol-v A

8-v [®

S 1 L%

BT g i

M WEZNg © 7 WE#

FEYWOIE - (Y]

A LT

RV

=y
-

TEH O LEFHY N
¥

T2 H4 Ovd

N 3 BB ET

3 3H O 2 EEE T

S-F-IN  A#H¥Eye DAdNN

T-L-IN ¥ ¥e DAANN

Yoa oy Wi 17 %

4-37



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,

4-38



415 A I A FiZ X BKFEREETT NV ORGE
KFBUEBRED O b, 4 7T A ZIZXBKBRIEET IO T, a— FNET LVOZYHER
SEETRT,

4-39



4.2 NUPEC B fE#T
NUPEC THElf S N - R FIRFRAARZETRE (25300 19, 20) Tik, K IFEHABESZRANTE

PR EN D IR A L ZEROBEZICE 5 BARBRAR, BHAKERIKRVEHERA S LAICX
2 AR T A PR EE 3 A0 R ONRA BB S0 35 BB EM S, E CHEE Sh b IR
HAIKFEE DD, FRBRTIIRBES AL LTI D AEZHWTWS, NUPEC 3Bk & fhigBd T
Ehish =Bk & DA 4-1 (BEICW 20) 12577,

TR, HEF T —7 R L7725 LOCA KD ECCS HEAKRM (BMBESRA T VA KDY %
FBIE L7z Test M-7-1 Z3&IR+ 5, Test M-7-1 £ OECD/NEA @ ISP35 ([ &N TRV, #5410
ME, 15 BRI TR A ER SN TV, £le, AT VA ZRE LRV —F A L12D Test
M-4-3 [ZOWT T EERL, A7 LA FER2— FFAEICE 2 2BIZ OV THERT 5,

:

—-—

|

HOon (82)
10000}

NUPEC (26)
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1000 p

BATTELLE FRAANKFURT (8)

100 :ﬂ“” PFWHR OWNERS QROUF (20)
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"
1w}k
|}
L]
| ]
'
]
]
1} :
]
]
]
L}

AMM, (MORE THAN 1)
L}
0.1 A A a M N
o 10 20 ao

HYDROGEN CONCENTRATION ([vol %)

B 4-1 PESAR R RS ZEBRABROBUE & kSRR B
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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 L8 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 1bidn

EL 10.0m

£ 1.3e

EL 5.4m|

EL Vim

£ o e

--..___:_--
o~
o™ e S

H{8f : EPRI Product 1013072, GOTHIC Qualification Report, Figure 16-1

K 4-2 NUPEC BBkl 0HEX
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4-3 NUPEC BBRER (R PVEE X E OB X
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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 #Efsk D /) — FoElET V2K 4-52, [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 ./ — FoEE7/L

BEOVORNREIL, HEREBEICBLE
TOTARTEERA,
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B 46 JRETFHEAELS F—LONY v ARERIEME & ERBITICRT S/ — Fadl

4-47

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 %
MmsE/enb, LD 15 53H 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, BRFFRMASRENTIHRERBED S 10 0%I1C8 125kPa T TET 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) LRETIFHEWHAS 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,

4-48



(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 KO 7) ICELEHLL, ZBRERUANY 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) (THfihirdF, BOKHTEE LbIZ/ —F81 b ER
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 OREOEMITEE 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 (WIh b XKE 21 O TFTEICAE) [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, BELER20BR) &, YUHMBTOGOTHI Ca— Nk iR EZRT, &
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,

# 4-2 NUPEC RE%EMH (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
| o S (0. 03)
0 5 10 15 20 25
Time (min)

X 47 BEHAEOTHESRM (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 JFETIFEMEEHES (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.
XN
\\ *
¥ \
® \\\\ ¥ 5
20r " x\\“ - *
45- - ;H R X _g’(l“_"—-——x———:&
40 | | | | | | |
0 300 600 900 1200 1500 1800 2100 2400
F¥fEl (sec)

B 49 JRETFHEAALS 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, /—F25~Y) 7 A8 (Test M-7-1)
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0.20

0. 151

0.10r

Concentration (-)

0. 05

0.00

— EL19.4m Ei#)5(100/1)
— EL16.704m E#15(100/2)
---------------- EL16.704m F#EIA(100/3) (Fily SG EEE L)
------ EL16.704m &H#|A(100/4)
——_—_ EL16.704m Ei)5(100/5)

20

18

16

14

12

Conceniration (vol%)

300 600 900 1200 1500 1800 2100 2400
e (sec)

(a) FRATHER

1 1 i i 1] i L] Ll L i L 1] L i

EL19.4m EHiflA(100/1)
------ EL16.704m &ti#]4(100/2)
i EL16.704m FH#IA(100/3) (ki SG XMEiE ) EfE -
———— EL16.704m E#I£(100/4)
o - EL16.704m &8l £(100/5)

Time (min.)

(b) BT — %

K 4-11 FEFIFEAELS F— 28~ 7 LABE (Test M-7-1) (/ — K 25)
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=
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4-55

0. 05

B (sec)




4232 Test M-4-3 (RFL AR LEVESHED)

4-56 HEVONFIL, FEEREICRLET
DTHEATE A,




DTARATE TR A,

BEVORNEID, MmEREICRLET

#£ 43 NUPEC #BE&MH (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 LAROER) Hith
~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 JFFIFEMEIES (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 JFFIFHBAESE F—LE8~Y 7 ARE (Test M-4-3)

BEVCONFIT FEREICRLETOT
KEATEEEA,

4-60



K 4-16 JFRFIFRBRAEISRNEHONY 7 LAJRE (Test M-4-3)
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HECORFE. 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
BIEFEPROLNL TS, FEIRREIZOWTIIER 44 (BB 20) 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 X EERIC R TRV, b L IIRBEDOREL 2> TS, Ll
5, Test M-7-1 TiIX 4-17 (BECHR 20) ([RTHRBERDO LBV, RABRBALEE 10 4 (600
) LARED HREETKE (KE 8) DO~V v ARE XV 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) WHTXHE (XHE 8) O~V U AFRNMEIX, ~Y 7 AROERIBHAEIZEY, 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)

~— Comp. 25
wo.r — Comp. 21 |
- ———— == Comp. 16
16.0 | L1 T
’ >~ == Comp. 8
240 | \
©
Z420 |

-

[-]

[«
L

Concentration

o
T

5.0 10.0 15.0 20.0 25.0 30.0 as5.0 40.0
Time (min.)

4-17 ~VU 7 LPBE (Test M-7-1)

120 -

@
o
|

»
o
|

I 1 1 1 | I I
[ : 30 Error band

0 5 10 15 20 25 30

Time (min.)

4-18 ~V 7 LK E (Test M-7-1)

4-64




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 ~V U7 ARBEHE (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,

WX E (X 8), MWrXE f (Kl 15). RURFIFHEMAS M — A8ICI6 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
P E SEMICEDITFRILTWAA, 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 DN TiE, REBRFHAHEIC TN S BIRD OO, MITRERD 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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K 421 ~V U LARBEHE (Test M-4-3, Test M-9-2)

4-67

BBV ORNEIL, FEREICE LE
TOTARRATEEEA,




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 FFFHRMAESRNEEBONY U LARE (BT : M-4-3, RBER : M-9-2)

4-70

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, NUPECRBRO S 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 ¥
LT[ e®ra) 2. B 426 ~ B 428ICHET 5. BES — R TR ~ORERBRYE
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
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BLTINC I ZEENREN L 252, £/-. REMOFEL 20 . BICRTIFRWAES F—
AEIZ OV TITRER & HEM BBEEIIHNE T 5 Z L b2 DORBIIREN TH 5,
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10 100 1000 10000
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Hi8 : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-42
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Hi8h : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-40
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XV, BUEEM DREBER T 07 7 A VREITEL LTRLNI D, B 431, FHEEERORF
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H84 : EPRI Product 1013072, GOTHIC Qualification Report, Figure 4-8
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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
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4.6.2 THAI #%
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(2) AKFEOBEZGE R OFHIRE
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&, TR RITRBRER L B LT, PAR ICX 2 KELBRBOBESENI V2L, —HEBNICE
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B. ZXEEHEIC L DA

O EH
BEREHOFRTERLRBT — % L OHEEZE 4-45107F, TR RIEIRBROZH 2N RLT
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BUCLE S REEE/NEEd 28 MIcH B, £7-. Phase 3L TR ONBKEORELZEEL TV
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REMEEEIC L DRERE BT 2 2 L THHAINRTRETH S, 7o, 1 KEEEE CTOREm L k. R

4-81



BRTIIBAMS 92 5% (Phase 3) IZAEDOREIZL Y, B L TANREE FERR LN M,
R CIIAKFEORELZERE L TRV D Z0FEHEIZR LR,

@ KEBRE

BRNOEE SMEIZRIT DKBREOFITER LRBRT — X OUBA K 4-4TI07 T, T
FIRBROZEHEZPMRRFICTFRAIL TS EEZ S,
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5 ERFHNE, EEEEO TRTh & B3 57T 5 2 & T, FTHOKZEEGHERZ /&I PRISER
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4.7 A TFHA FIZ K BKEBERETT VOREE
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BtEEREd 5,
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BY WO 50K ROKENRBENICHZ SN L5 ICHHERET 088N THS L&
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| 2% 1-1 NUREG/CR-5901 ® i # |

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 to 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 expecled to make up the
suspended solids are Ca(OH), (p = 2.2 g/em®) or Si0, ( 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. Othcrwise, 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(w) (1+8) fore 2 0.5 }

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 have 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/cm? 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 aerosolized materials also complicates the prediction of the densities of
malterials 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 xs taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/cm’.

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(pl-p')]m

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:
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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 03 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 rzmgc(climinaliou 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<lhike forms are seen. Turning Lo composition, if the first filter
sample 15 climinated 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 pm before stabilizing at 3.35 um: acrosol
stze m FPT1 was shghtly larger at be wecl 3.5 and 4.0 um. Geometnc-mean diameter {dsq) of particles m
FPT1 was seen to be between a SEM image of a deposit is shown in Fig. 9.2-2. In both
tests the geometrie 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 cestum-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 numerous 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 m the circuit,
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