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Single-Phase Vapor

Drop/Vapor

Drop/Film Vapor

Churn-Turbulent

Hige : EPRI Product 1013072, GOTHIC Technical Manual, Figure 8-1 and 8-3
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4.1.1 NUPEC B f# b7

NUPEC #Brid, FEBET 7 POERFHRFRFITHEET DI KEORE L
LTANY AT RZHOWIIEERMMYE T A OIS R CRAEZETITET 5/
GHRABRTH D, T T, KEBBEFM I T DM F L — T~
A L7D [ KEWr LOCA+ECCS fEAKRK (BRWIBABRAT LA ] =2/
L, i TEZEE RS XMmE - KENOGRE), HiEH & 0BZERT
NHBZE, X TVLAITFRDIET A ZHRLE LIza— FOKERE 7RI
IR DHEREIC DO W TRAEZ TV, GOTHIC 2 — FAERT Z » Db IC
BWMHTEDZ L 2HATS (Test M-7T-1), 7=, NUPEC B TIRRA 7L
AR LEM (Test M-4-3) THLEBRPRINTBY, Thbitkdda
— RFOBEHEIZOWT HHERE L, R 7 LA KOS 5 384 45 52 5
2D BT 5.

4.1.2 BUAERASR & D g

RS & OBUZE R OCNBBEZHIZBREZET LD D, LETF U b
fETICH WO NI EMREOBIZEETNVITONWT, M Pl & &
BT —2 ORI ET> . LT T~ b O TlE Gido-Koestel E
TNHNENHETVORKBEICRTFEZEERTESILET, vy bEAFC
BMELEKZREZRTFNICAKLS T 7u—F28HT 5. T ZTiI,
IREHIZDEYVEHENANHETVORBT —ZITd3T5 17 0%
ZhER T 5,

7z, Ao NUPEC SRR Tlk, 22— FOHRB)ICIR 2 BTt %Y
CFH 52 &b, XV HEEPHMED Y Diffusion Layer Model FM
(DLM-FM) Z#HL TWd, SEARICHTIEET VO THITEREICD
WTHLIERT D
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4.1.3 BB L O Lk

4.1

4.1.

REEM & DOBURE R ONBBIZRITHRDIET LD S B, NEEURE(IC
BBETIVITOWTREEL 2. BAEMIZIEK, a— FiTX 5855 %
Wiz duicHBld 52 2L, METANIT— FNITHEYNITH A
RAENTNDLI LZRIEET 5.

-4 PAR F B ik

KBLPERMGD 5 H, ERFHEFRE LTEHES NS PARIZTONVT,
R B B TT A BERS T B K B L BRPEREFEMI A5, 3 — FIT@E Y ITHL AR F
NTVWBZLEZMWIAET 5,

PAR DFREABEYIZa— FIZHARENRTWS AITH L TIE, BamfE
Ea— RO PRl z kikd 5,

7z, EBT 7 MEVTICBEL, ERO DB TFHEED L, D PAR O
RE th 5 0 38 FH AT A 126 LT, THAL sRBRIZB W T/ — R8I 288 L k&
KERIEHTIC L VD RAEZAT S,

5 AT F A XITXLKEMBEE T VDB

KRFEUBZMD 2B, A T FARITXDIKERBEET VIZONT, 2
— FANET VO ZYEHERGEZ R T .
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4.2 NUPEC 35 fit 7
NUPEC THME & W7o i FHi ks dr = Bl (2% 30k 19, 20) TIE,
AR ASRN TR S NS IR T R & 25D EE AT X D HRNE
Bk, BB AKZERETRWBR AT VAT X D BT RIRE 7 kO
RBEZHRABRED 35 lBRrEichl, BEETHES NS IEEMmET X
EkFELREIH, FRBRTREABSTZRLELTAYTAZHWTWS, NUPEC
MR EMEBE TEBS N ElBRE O ZE 4-1 (5 ik 20) 277,
TZTIX, FliHEHRS — v A&7 3 LOCA BFD ECCS A KK (KA
MAT LA ) ZHELE Test M-T-1 Z2EIRT B, Test M-7-1 I
OECD/NEA @ ISP35 IS TH Y, #HEsh 10 22E, 15 BEBIIT Tl R i br
PEBEENTWD, £, ATVAZRELBVWI =T L RALRD Test M-
4-3 OV T LI ZzFEMmL, A7 LA AELRa— Frillttics 258

ONWTHERT D,
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4.2.1 NUPEC 3B 2% (i
NUPEC iRBR M OB EXK 2K 4-2 KO 4-3 12533 . £, BAHHK
WA A AT — Wik, H AR SO FER A BREMZ L IR,

(1) R REMmA

AP HRARRIEI R TA AN —T PR D 1/4HEETHY, 41—
THLEOXmAERENTHWS, HEERZ 1,30’ TH 5.
(2) A RAJ %

ARRIILZ2EDOBEP O KRBT ZADODRDVIZAV T LT AP X
hTna,
(3) BMAERAT LA

R RMAREREIN—FTEEDE5 21 MORXT LA ) XN
BRERBEBEINTVE, AT LA KIERIZM 0.75mm TH 5.
(4) 28 SBEAD 3% il

BRI OB AR E BT 2 0 AR MM R M EZ R T TV S,
(5)  wl 3%

~Y T AR, FRSEE, JET, J5E 7000 78 R e, X
BEIRESFHIIE TS, ~NY T AREIX, K 4-4 (&K 19)
EaRTEBY, FHEFKRWMERND S @t R ARk nads F—ATH
O GR#, BEL.19.4m) ROVRE FR#EMIAS F— A LS4 & (R,
EL.16.Tm) ) ICEFBEINEY VTV v/ Fa—TiIZEDHHEHS,
JEDZXBEENHRRPMATHE LR FARMERF— LA
MOEN ZRE L THEL TWD, DX BE i i B OV 2% Rl i 1 B0
X DFHLTWS,
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EL1dn

EL 10.0m

EL 1.0m
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EL l.in_

EL )ilm

HHH ; EPRI Product 1013072, GOTHIC Qualification Report, Figure 16-1
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4.2.2 BFET NV

GOTHIC 2 — KT Xk % NUPEC il fiak D / — R rHIET V2K 4-5 12,

A Hwads F— Ao adlzK 4-6 157,




1-5 NUPEC 38 (Test ¥-7-1) @ GOTHIC I— Kiz &3/ — Ry HIEF A

m@w®W@m,%%%%mE1
LETOTABTEE A,




X 4-6 JRAHRWER F—ALADOA~AY) 7 ABRERHENE E EBRERIZBITS
J — R o7&l

mﬁw®Wﬁm,ﬁ%ﬁﬁmﬁ1
LETOTCRABETEERHA,
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4.2.3 fRbrHs R
NUPEC ilB D EER R FT RS R 2 R T

4.2.3.1 Test M-7-1 (R 7 LA ROEKIKMB Y )
(a) AR5t
Test M-7-1 DRBREMF2E 4-2127T. ABRIIEKEERTIHT
DEEBRHZEEL, KEAFBRMNESR T2 KERKRTANI T AR
3 % EREFIZ, MWABRA T LA 2B S E 5. IR ERED
OERKBIBICE D HAMBZIT o7&, ~V T ARTEXDRH,
BB A T LA DEFHZFRRFIITo> TS NV T ARTERDIK
H, BMAERA T LA DX 30 BlfThh, ~V T ADRHIZR
BB © 15 57T 0. 03kg/s ETHRINEZMMS Db, LD
15 57T 0. 0kg/s % Th B2 WA S/ TV S, K50 35 B
B o 30 T 0.08kg/s 225 0.03ke/s £ THRIHBZBAEHETL
%o HBAMBIMATLA1Z 30 57 19. 4kg/s —EDRITH S (X 4-T
).

(b) 8 b i 2R
(1) JEFhrsmadsIEn

GOTHIC 22— RIT & 2 R FH kWA 2 IE /) O GFMi A5 SR 21X 4-8 12
MRT —&Z &R T 5, H AP RASEND RG2S 10 &
®ITHK) 125kPa S TP LD S, LI ER TS, THIE, Wl
BIMAT VA DERBEMICEDIENET L, ~VTABHITXYIE
BERATE RN L TEVMZERPM KT T 52 & IT X D ENIE T
DROEENRIERETIIANY VAR OERBITE B EN LA
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RCEDbDTHELEZEAOND. FTHRL INOEHEGHRES)
ZESTPHILTEY, MREBRIFIZ—BLTWVS,

(2) B %7 s 0 2 i PN Tl

RIS R — Ao FKEE 2K 4-9 1ITR 7. R
fig e LT, FEAPRaads F—A8IEE (EL.19.4n) & JE 4
BWIAS R—2A B4 &7 (BEL.16.Tm) Thi b EE DKW R 2R
LTBY, ZOREXAIIRRKTOIHCHREEIZHES  MITHEL LT,
TR R — AMIEERMED / — F LR FHRRWAER F—2A
BT 7 — FTOFMKIRE ZFKICHiEgET 55, BT — 2/
DIMEABZBENR W TRDE, B RIEART —ZITd L TS5C
BREORHEIEHBES. UL, BIHERIIE FRRWAER F—2A
HOFHAEEDOR AL ZRIFICPHILTEY, a— FidHE4i
B ICERL TSI EPERTE S,

(3) R FHFHRMABRNOANY 7 ARA OKKRBEAZEH)

Bl b OB E ES (X 4-3 128135 /7 — K 21) KR 5
WA E— A8 (M 43128135/ —F25) EBIF5~Y 7 A
EoRRELOEEZE <, B 4-10 LK 4-1112x7. £k, &
EXREERBEOAHEFTEOANY 7 AREICHLTH 4-12 TR
ER

ANY AR REF T, BlhE (/—F 8) »»6 EHITHK
wah, 2o L (/—F21) ZHRTTEFFRBRRAES F—2L4
H(/—F25) I28#T5, ZOBRIZBVWT, HEBEKXEO L
HrORN—TOETFEERS (/—F17) TR BEL, £Z
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o EHORREEREREE (/—F 23) 28D FEHRKBMAES R
— AR END,

R FHRMAR F—AicB0TRE— bV 7 RBRT LA
WAL, D 2ODERFBERE LA ERZ#E L
TREHAELC D, ZAXFEERB LR (/ —F 20 R 24) oA —
T8 (/—F1LERVT) RELERNZ, ZXRUTNITALIZELD
ERRICESAEINDZ B THRHEHBIXE (/—F 8) ITHUENS
hd, FEIRBRAES E— A0 00858 Eizmb 5> FREIXZ O
TEXm (/ —F3~6) iIT#ELEZDOB, V—TE(/—F7,8, 10,
11) ZHNhAA, BORMERE L LIZ/ —F82b ERT S, &
NDEHIT, WHAPHDETKME R T LA IZE B HWERFPR S
h, WIHFBWAESR F—LABToKKREDOREL, £, KIH
WA a0 LB & R OA R KFKRIE A IXREL TR,

T, M 410 IR oD X 5T, i E EE (7 — F 21)
DAY 7 LABREBRBRITHN, 900 FPLIRE—FFATICEDIZHER L T
W5, 900 HEFARICBWVWTIE, SN~V T AGRERPED T
CLTHBY, NV TLAREOEMAE LTHASZEREEZONS,
Ol R TIZ/ — F 21 OREOAEMITHEE TIE R, MBI R
IZHE M & B L TAY 7 AYRE 2B/ T DI H D, T
ZBWTI, BEWRIXER? S EEXEANmH» S ERRICBITEA~NY Y
LADTN—LABHNEX S REHLPHFOLNLTVDILDEZEAOLNS,
CDOBWN— T OEKREERXBHNTAY T ABIEEB L, BH
Xl B OV O BRI ALiE S 5 X E (W3 b X 21 o FEICziE)
ZBNWT, METIAN—TERRERFOBEXEADANY 7 A

]

DIBBLOICFM S, TRDD, FHA0EEIXE» S EJD A

4-63



BOTHEHANDANY T LAOBHRZAKRE D KRELLFML TS Z &
ZRBRLTNS,

Bl 4-11 TR AR RMASR F—A8o 5 Emick@Esnhiz~) v
LURE OGRS R (K 4-4, ZF 3k 20 Z2|) &, YFZMETO
GOTHIC a2 — FiZT X Dkl R2Z R T RWIARSR AT LA IT X DHRH
DRBPDY R TFHFRARS F— LA TEANY TLAREPRES N,
MR TRRICRZECERRARELRS, 4-12 DNV T LD
REDIREPOTPD L 5I1T, BHXEIZHRHBEShEANY 7 AR,
AXEERBEREB LU TR FAFRMAER F—ABITHRAL, TZT
ATVARPE— b U 72X DEMITE Y, G RN X EE 5
SN Zeax B EGELOCARKEZ T D, TOXHIT, ik
A2 B DK &R RIS B — A8 T o 2 XU A3 5K E) 1
LY, HFAPRMARGNZRERTIHAPERS N, ~YTARK
R ARNTH - CRAShS,

GOTHIC I — FIXE FHF A FNO X B 2EITDHZD, #BHE»
LDIEHICRDIETONY Y AREORKRBELLZRIFICTHILTEY,
R ARNOREIETIEAY 7 AIEHE RIFICHBE LTV
TeHBahd. 0B, BHIXETHS / —F8IZBIFEIAY 7 Al
B, AR EHEMRIZBOWTERBELTVS, ZOEKE
LTHEBIX I CTHRIBS NS RKAPRINBE~NG X2 ERELOLNS,
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£ 4-2 NUPEC alB5eft (Test M-7-1)

R — A Test M-7-1
#1151t

A RMaEsR F—ARED 139.7 kPa
R FH A S F— AR 66.4 C
RS F— AR 100 %

A SR 11 ¢

M (~NY T ARTER) B

~Y 7 AT R 0.0-0.03-0.0 kg/s
7% UBCH i 0.08-0.03 kg/s
BHAY T AR 1% ¢

T H 286 SR 165 C

T H 11 R 30 min

TCH 7 DA —7 ZKFEA A LR DX
A7 A

A7 LA mE 19.4 kg/s (70 m®/h)
A7 VA KR 40 °C

T H 1 T 30 min

AT VU A IR CEBEeE) 0.75 mm
27TvA ) ANH 21

TBCHH A

R A dr B — A8
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Flow Rate (kg/s)

20.0 (19_ 4)
[ Spray Water
0:10 - = =Steam
-+ = Helium
0.08 ko
0.06 Rt S
0.04 B T
0.02 .- - ™% - (0.03)
O. 00 - L L L 1 1
0 5 10 15 20 25
Time (min)
X 4-7 HLEERAEORESEMAE (Test M-7-1)
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Pressure (kPa)

Temperature (°C)

4-9
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(Test M-7-1) (/— F 25)

70
| ¥ BB (F—LEH 1908
\ X EB (F—LE 16 g &)
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0.20
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4.2.3.2 Test M-4-3 (R7 L AR LEUVERBDY )

4-T1
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#% 4-3 NUPEC B4t (Test M-4-3)

R — 2

Test M-4-3

301 &
R RMAS F—A8ED
R RMA S B — AR
R R MA S B — AR
B S

101kPa (K%(HE)
28°C

KM (ANY T ARTER) B
~Y 7 LB bR

7% KU HA i
BHAY T A, FXIRE
TBCH 01 ]

TBCHR 7 1

0.027 kg/s
0.33 kg/s
115 "€
30 min
DN—7 Z&5E A A X

AT LA

AT VLA R

A7 LA Kl

T HA 1 1

AT A R CERBER)
ATLA ) AN

T HA A7 i

4-73




X 4-13 PRt (Test M-4-3) (/ — F 25)

4-74

MO ON AR, BB ICE L
FTOTCABETEERA.




X 4-14

SR A g B — AR PRI (Test M-4-3)

4

75

NI E R
FTOTLABEATEERA.




B 4-15

AR A dG F—AAY 7 ARE (Test M-4-3)

4-176

TPEDH O D N 1%, PR IC)E U

EITDTRAATEEHA,




R 4-16 SR FRAARAZEONY T AHRE (Test M-4-3)
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PP DN 7 1%, PA PR o8 I % L
FTOTAMTEEEA,




4.2.4 NUPEC RERIZHBIF B~V 7 Al O frat

NUPEC ABRICHEIF DAY 7 AU O WA, #5808 W 8% 2 ] L
eHRIZaw b7 74—REVPESH TS, Y7V 71, K
W OHRIETRAT LA KEOPELZZITIZSWHIELFERPRLNATY
%o atHIFRZEIZOVTIE 44 (BELH20) LBV THY, NV v

A FE R IR S RARE R R V.

lEl, ZRAKERUNV U LZ PRSI TSE 05 [IZBNT
FIRRIZFEfE S 7z Test M-4-3 (Test M-9-2) & Test M-7-1 oW X i
o OB B X ] B XBHIZE T E2NY T ARBEOHBEIZEWT, NV v
LAREDOEFITHEREPRONTE, LEB->T, sHlIERZEDAIT L~

VU AREONEICEEZRITEHRNEDHL LELLNS,

# 44 ANV T LAREFHIBAEITONT

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[V0l%]+0.002 | Vol%
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4.2.4.1 Test M-7T-1 IZBIFHXE 8 DAY T AREDERIZONT

NUPEC 3% Test M-7-1 (235U~ T s o DX I S OV T X1 kD~ ) 7
LREDOEFO S5 B, MWEHTXHE ( 8) DAY T LB & kT X
I (XHE 15 %) O~V T AREZLET S &, HIX O ) 25 kW
X EEIZHEARTEHVIRE, SLLEFEEEORELR>TWS, L
LB E, Test M-7-1 T 4-17 (% 3Tk 20) 1257 3 R BREE R
DEBY, ABBAWKE 10 0 (600 F) LIEEA O mWr X (X [H8) o
AY T ABEE XD LB LS (X 15) OA~Y 7 AERE R E L R
2>TW5, Test M-7-1 Ti 600 FHLUBEIZHB W T LHER X E TA~Y 7 A
RORRZRIBLTED (X 4-18 (& 3k 20)), WRIXmE XD b
el Xl DAY 7 AREPEHLSRDIEWVHIDIEEBZITS WV, Test
M-7-1 ZBIT S X B O EMBPRRLEHZRdHBLELTLUT
PR END,

a)  WEWIXIE (XM 8) DAY &7 AGHHNLEIX, NV 7L RTESI;K
HZEIZE W, Test M-T-1 TREXBMZELABR L LD,
WX EIZBWTIEY 7Y v T OBRIT 2B I X DM Z 8L
TLEWV, RATEESPAER L, BUEEEZHT 3ROHNEIC
WEBPH TV EERD 5.

EilD B, Test M-T-1 OWEBIXKE DAY 7 APRRFEITDOWTIZ,
W XD~ 7 AGtlO AT S IR L THIEMIZAERAZED
TWAHRERH D, TZT, M 4-19 IHEWIX M (K 8) o ikl
B & BTG SR D Fhde 15 1 il W DX ] =35 (DX 15) o aBRAS SR 2B L
T % R T TS SR W X (X 15) 2 HRT LAY T4
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REZFEOIZTHLTVSEH, ABRHERICBVWTLREBRAKREKS 7
TR DAY T LARED T B EV . TOMM» S, BErX (X
Wi 8) ASEEWT X L3 (X 15) XD AV T AREREY, HDHIVIE
FBETHLIERET DL, FFfREBZIERMBEDOANY 7 AJEIZ
BmHLEZOND,
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He flow rate (kg/hr)
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4-17 NV LEE (Test M-7-1)
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1 : 30 Error band
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Time (min.)

4-18 ~Y 7 AJtHIE (Test M-7-1)
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Concentration (=)

0.20

o 0 o
Q % xox
0.15F w XK Oy
o ® X -
= %
Q (o]
0. 10} %
c)><
>
>é<0
4™ X BB (REO)
8 — BFHER (REO)
A
3
0.00, ' ' ' ' ' ' '
0 300 600 900 1200 1500 1800 2100
EffiE (sec)

4-19 ~NVY T LARBREHE (Test M-7-1)
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4.2.4.2 Test M-4-3 D FEEXED~NY 7 APREIZDONT

NUPEC 7kBk Test M-4-3 IZB W TIXMHTHEROANY 7 ARREITH N,
RERAE DAY T ARERL2ENITHVERITH 5. 4-20 1z &l
TS5 I7hbDHnAMDHER (8 0.32kg/s) LB L R— b DK
AaddkfE (0.33kg/s) Zad . N TR LA — b o EL
kil (0.33kg/s) ZEHLTWD, TDEHIT, HHRIZHITDEX
BEHAIZS SIREL TS GOTHIC 22— R Tld, ~Y &7 AjgE 2
BEIDESFMLTNSIEEDNS,

Test M-4-3 1Tk D atfll DR KREMEAR E LT, ~Y 7 A%k,
A% U H i B OV H DX 3 ] e & 7 B akBR Test M-9-2 AT T
Wb, X 4-211z, 2EaZEiTe L ZEATH S E R Rnaes
F—AONY T AREZ TS L&, Test \-4-3 DAY 7 AFRE R
LEMITE SR> TS, Test M-9-2 TEHl D& KR IZ 0. 33kg/s
THY, Test M-4-3 izxh UEHME L7z GOTHIC 22— R Df#dr & Wl Uik
ARAMBETHD. £/, Test M-9-2 1% Test M-4-3 & FIRE N R
55, MIBEEEZANVLAREICH LAZREELPRVWIERLL,
WrAXREOREEOB A ZEB L, Test M-4-3 & L THEML &
GOTHIC = — ROk & Test M-9-2 0 BR%L 5 % LLRR 12l 3 5,

Tl or DXl (X ) 8), fe by DXl B 56 (X 15) e OVR IRk A de R
— LTI BT B RATHE R & SRR R (Test M-4-3, Test M-9-2) &
iz X 4-22~ K 4-24 IR 7 . BITRERIEANY U ARE Z 26101
KHIZTH L TWBH, Test N-9-2 & —BE T BMmERD, £/, &
ErOLPEHMIZEDZETONY Y LAREORREZEILZBIFIZTHILT
W5, Wi, FEHXEDOANY 7 AR L Test M-9-2 & D Hilk %z 4
4-25 (TR 9 o WY DX I B OV T AR SO A 38 X B2 B8 W) T GOTHIC =2 —
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FIZE 3 PHIBLRMNEER>TVSED, BETINERTIEIR
WR—HHDZNEDOITPITHBREATHS, LEA>T, GOTHIC 22—
Rz EBRBRE RS Test M-9-2 T LEFHRMARNOANY 7 4
FHEEBYEZFHLTVELDLHBHTE S,

PLEIZE D, Test M-4-3 DM Tik, sABRatHIEIC R i S %S
bDD, fEFHGRS Test M\-9-2 & —F T M TDH Y, #WEP S FH
CEDETONY Y AREORRELZ RIFIZTHILTHWSZ &»
5, GOTHIC I — FIZ X Wi OB 2EE) B O~ Y & AL S) % 6) (1
M TETVNBE ENZ S,
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¥ 4-20 NUPEC Test M-4-3 ot Hi 2 X it &

B 4-21 ~Y 7 AREE (Test M-4-3, Test M-9-2)

PRI D N 1%, 7 B 2 I )
LETOTRARATEERA.

I'd

4
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X 4-22 BEIXE (KEI®) ~Y 7 AW

X 4-23 WEWTXE EE (KE®G) ~Y 7 ARE

IR DA %, 70 LB % IR
LETOTRATE XA,
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B 4-24 JE FIHRBWIAR R—ABAY &7 AR

PPV DN 1%, v e I
LT DTABTEEHA.
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B 4-25 TR A IO~ Y ¥ Al

CRRHT @ M-4-3, BRBRASS © M-9-2)

|/AY7D]

T
LET 0

HH%I
l‘:r'%

35 5+
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4.3 BEIEM MR BVEE T TV O RS B dd

4.3.1 NUPEC iBRFRHTIC 3B 1) B RIS M BEMEBVZE T T VO KREMRBTIT OV T
NUPEC ABRMEHT TIXE & L THE FIRRMAERNOGRE), JkE#HETE T 2
DI B OREEH DO — F Pl Z Rt T 50, MBEH~0BLE
ZOWTIX X D &#E MO &S DI-IN EF A 28T 5. — 7, £k
77 ORI TR, REPFRWASRNTORGEHE— M 781 RIC
LD ERBMERESODICREY, Yy MAKEREZRHOIZTPHIT
DI X RFHREEHEZETT LV (Gido-Koestel EF L ENH

ETNDERKEIZBRFZ77X2ELT ZRLCD) ZEHT D, ZZ

Tlx, NUPEC iRRBR D 5 bR EFr — R LB Test M-7-1 Zxt &Iz, #AHT
DHEMAIEEZEB TSV P ETALL LELGOREBEBIZONT
AT D, BB, TNOHEMBEEET MITOWVWTIX3.3. 2 FEITTHM
T5,

R AR F— Ao ES, FHXEERTANY 7 AREIZOWD
Ty, "= —R (DIN-FM EF V) EEKE S — R (Gido-Koestel EFT

EHNHETLVORKMBIZMRFZ 77 2L LT ZRLCD) 2K 4-26
~ M 4-28 [T T B o IRIE A — R TIRMEGE B~ D BERBEE K & <
BREZLEPOENAPIKTTIHMIZRSD, TORTRIZDTHATH S,
Thid, EAPmaSRFHAORBIZEIRAT LA LSl e — b
DUUBEETIH, BIEPLD XENE KD T LA O REEM O G
BEETNVOREP AR M L RD7-DTHD. FERIZ, KK

MEHR F—AMOFHRRERTANY TAREIZOVWTLET VO
AZRIFTPI 0,

BLEX Y, NUPEC BABREHT TlX, EBET 7 v Mg THWV S HHEHM O
B BEEET VIZOWT, XV F# A &Y DIM-FN EF V2 H

PEBH O D N 75 1% 1A R 2 1T U
FTOTABETEE R A,
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WTWABH, [KERE] OFMFHR L —Fr v RELTEREINS [ K
B LOCA+ECCS TE AR (BMMABMA T LA ] T LTIREFOESE
PREMTHI LD LHWBENS,
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(kPa)

Pressure

Temperature (°C)

145

— EHBREETETIL
- DIM-FNBMZEE T

140

135

130

125

120

8300 600 900 1200 1500 1800 2100 2400

B¥fE (sec)
X 4-26 JR FHRMARITEN
(Test M-7-1, WEEMBZEETTNVEEFr—R)

10

— EWMBMMEEETIL
e DLN-FMBMEZEE T L

400300 600 900 1200 1500 1800 2100 2400

BfE (sec)
B 4-27 JE- AR B — A 8855 PH KR B
(Test M-7-1, HEE&EMBYZEETTNVEE Fr—R)
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Concentration (=)

0.20

— RUREEETIL
- DLM-FNEMZEE T )L
0.15f
0.10f
0. 05f
0. 00 1 1 1 1 1 1 1
0 300 600 900 1200 1500 1800 2100 2400

B§fE (sec)
1-28 JR IR R— LAY 7 LRE
(Test M-7-1, REEMBUZET T VEREF—R)
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4.4 BfRER R & O Hik

KT 7 MBI 2ERFHES RO ADMFMTIE Gido-Koestel
(ZEZXWkT) LHNH (Z2E3CHS ) OERKMITHRSFEZZIE LB
EERBZEHLTWS., ZhiE, YUKET N DKM E DM ERE
B% <, EEMFMCEMREZKRE LTI L TEXEMZRESH,
7z bARBRREZRFNICHEMTLSIEOTDS.

Gido-Koestel EF IE, AMMICKSBECWHEIZED T FuitiD
< BEMIZIN 2, KM RO SR K D ERED REZEEL T
5. TOYH, FEEMEET ZADEET, POMMD D5 WNITHEMBREICTE N
THHHATETH D, AT LA RBIT I 0 1070 30 85 1 D 55 P 50 A
ANZED &, Y& MF T CHAEEOBONEIC X 2 BEEZESEH &
N5, KT 72 FORNTTIE, FIZERERBRORERE FFKRMASS F
—AMTRAT LA Hfkke T 5T &b, WHIT XK S EMEHEET— F2 Xk
Med, NHETNVIZE D TPHIEEBRT -2 L DB 2K 4-29 TR
T. TDH5H, EEBITCBVTRLOND A —XI1T 10'~10° (W/m*-K) D F
—XTHY, BEREEIC XD WbGRENZ &R ZRITIE, R/ERS
BLRTA0NREICNZE S,

K77 b O T, LT TIVIT X B GG BVR E R BT 3
L2 LTHMBZHARIZKEL, Yy PARRREZRBDIZIFMIT LI L
ZHRMLUTWD . TR bR w28 3 N 0 75 B 5 & Rl S b T T EE 22 53 8
CoiicaseERsd. 2L, AMEFRMGDOTF Y FTRERRT LA ik
el TTNITKDEMABP LRI LRDT L, £k, RIFMOMmE R,
B2 FHRRMAR R—AMIZ oV TIRERR & MG S8R 12#E S
S2TLPLZOREIRENTH S,

—Ji, B AMEEET TNV E U TR EM DY Diffusion Layer Model

'ﬁﬁwwﬁﬁm,ﬁ%ﬁﬁmﬁ1
LETODOTABHETEERA.
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FM (DLM-FM) 7% GOTHIC 22— FNIZNE hTWVWD (B 5Lk 8), WET
AR, WIS A Z 1 D R D BE AL B OVh & b R 5 O XM IZ B 1T 5 I R
FOHFEZBZEBTHILTTHREZRN ESETVWS, K 4-30 1T, &
DEBRIZBITID— b v 7 RO EH L — b OYPEM*T DLM-FM @ il
Zzrd. ML — bOoPHlE, MEMZHLBVHEETEELTEY,
95% 8L EABAE20% D FHREEICAEENTVD I L b, T Ok ix
+aIZE,

728, NUPEC BABRMGEIZIHB W TIX, HEEM KD BBV EREE LT
DIN-FM EF L ZEH L T3, Thid, R TIEZR 7 LA @Hs LE Y
LBRDBMP, E— b U T LRDIMEMEDRETEZBTMOMNRERICE 2
ZHBIIEHTEZLOTREARVED, B#EAEMEED Y DIM-IN 50
ZEHLTE— P U 7R RD AR S Z/NSKTHZ LT, wbic
#5I—FETNOEHEZFHMTEIEDTH S,
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Predicted Q"/DT (W/m2-K)

Predicted Q"/DT (W/m2-K)

Uchida

o UWAir-1atm
10000 :
P A UW/Air/Pressurized
e Uchida/N2/1atm
T a  Uchida/Air/Pressurized
. om xao ¢  Uchida/Air/1-atm
1000 4+— . LA, A 41 =@ Nusselt Theory
» 7 + CVTR3
j;q‘ 2% = Debhi
Vo ) " . x UWFC
.- Park
100 4 &% — ¥
0, M7 — 1
’” F
7 A R N EE T 20%
07 L (N [T 20%
10 =
10 100 1000 10000

Measured Q"/AT (W/m?-K)

HH 8 : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-42

4-29 N HH Bk AH BE 2 oD 92 R 7 T e

DLM-FM o UWA¥-1am
10000 e ': s UWAI/Pressurized
e  Uchida/N2/1atm
s  Uchida/Air/Pressurized
iz 2 o  Uchida/Air/1-atm
1000 - > o Nusselt Theory
¥ 1 ¢« COVIR3
A . " Debhi
- * x UWFC
< + Park
100 37 . 1:01
,"/." ----- 20%
————- -20%
10 J’ s
10 100 1000 10000

Measured Q"/AT (W/m’-K)

Hi#t : EPRI Product 1013072, GOTHIC Qualification Report, Figure 5-40

< 4-30 DLM-FM o S5 7 il 45 9%
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4.5 BB R & o Mg

I— FBFEXITE Y, 1 XRLBREIZH T 5L GOTHIC o2 — KT
L 5HEBOBR CEH, FH, FfE) X 288EHOEELEILD Tl
X LHBEXRfTDhTWS (BECH 21)., Zhid, BEEEHMHO R miz—E
DRAGKRZHEZ, O MZHEE - ELTD2HDTHD.ZOREIICKD,
BEEMORERBIERDY T 7 74 LB fENELTRLONS, M 4-31
T, ARG G B MR R & B A RS RO ik 2R 3. Bl RFER R IR
bR IZfEpTEE — B LT3,

TNh&E Y, GOTHIC I — RITHLAIA F I B BT 7 0 5538 ) 1T K3 b 95K
DB EHL T EBPRT STz,

- Bg#R = k = 12. Btu/hr-ft-R
- L = cp
-EE =0
- PR R= 2. in XMHEOBHA,
- P = 500. F

- WAk EE= 200. F

0.1 Btu/lbm-R

400. 1bm/ft?
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Temperature (F)

600

- O MR

=1 - BEHERR

g:

Q-

sl

2L

sl

QL

ofF

E- L L L L I L L 1 L I L L L 1 I 1 L 1 L
0 25 50 75 100

Time (sec)

Hi#h : EPRI Product 1013072, GOTHIC Qualification Report, Figure 4-8

B 4-31 1 RTBZEET L & R iR O g
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4.6 PAR FpE R
4.6.1 PAR IT X % 7K & LB L RE G 4ili X D il 734 A

IKFBMBEF & 72 D PAR ITDOWT, BELAMR T 5 KBLHITIHRD
PEREGEMI A GOTHIC a— FIZ@UICMARENTNS Z L 2L FITH
Ak 9 %,

PAR DK FKWLBLIZBE S DM REAEMINIX 3. 3.5 Ml TAHML 2L BH T
HB. FEEFMAZ GOTHIC 2 — FiTf#lARAA, I — FBGHRTHKE
DHFMEE (TZTTRAELBEEELNFEL TDH) ZHES D FHRF
BREO@BETHmME LKL, TOREL+TITNIWVWI EZHEEL T
W5, T —EDOXMZEHKL, ZOFMRUIBIT58BERVOKE
DRI EENZERT D, RRXEOKERE (FRELH) ZHEkey i
mEE, 2—FTRHESINSKELHEHEE EERETFMATHRONDfHEE
RHEET 5, JEH4M 1. 5bar R TX 4. Obar IZB W T, GOTHIC 22— Riz X
Bl AR B RERR LRI K DO 2 4-32 RO 4-33
AT MR Ziat AL U 72 B Gm et 7 3 22 bl U 728 3, GOTHIC =2 —
FizHlAiA E 0 DM RE e XX BEGR I 6 L, @22 0.3% LN & W 5
RIZLVBIFIZHBHLTVWAZ EABHEATE, PAR OKELBIZET S
Rt GOTHIC 2 — FITEY ITHARENT WS T EARIALS iz,
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3
25 |
=
z 2|
® o5 |
bl
E
2y
%
® — a— FTRIE
H tEsEdRIC L D E
05 |
0 : L - |
0 2 4 6 8 10 12 14
KR E (vol%)
X 4-32  1.5bar [ZB1F % PAR P A i ffH 7 04 A5 2R
5
45
4 [
35
B 3
% 25
& 15 | — o— FFHlE
o B MR
®
05
0 ' - - . . .
0 2 4 6 8 10 12 14

KRRE (vol%)

X 4-33 4.0bar [Z381F 5 PAR P4 GE h 4 5l 72 3A A5G SR
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4.6.2 THAI B

A DR R I 3 5 PAR P RE R4l X1 THAT 3R (25 3k 2) 1T
BOWTHRIAEES N TWS, THAL iR D 5 5, HR ilBRIE F A 7 R 5 B i
BOBBIZEY, FAYZ v 2R 2D Becker Technologies GmbH
(RAYDOFRIEMRELFERT 77 bBlgEatk) I2X ) THAL AR
ARl Tirbhlz, 95, ABNIZPARODAZHEL, KEZHAZ
25T & T PAR ITXDKABMBEYERE B VA de N O e fR IR 2 st il L 72
HR-3 BABRIZ K L, GOTHIC a2 — RiT X D BB 2175, Thickv, A
SIPERERIZ I 1T D PAR B R ORI I F RO Z UM 2R T

4.6.2.1 THAT 3R 5 1 Be OV i

THAL SR D 5 B, HR-3 DO AR FEM2 £ 4-5 1TrRF . BT,
AFEHFFICH TS PAR 1T & 2 KFERBERE S R OKFEHRHZEIEL
HAMBRICEAUHMENZHRAL TS, RBRTHEHLEELR
airs AKFRALPEEANG B V& R et Bl G fii, KB EMHZLLTITRT .
Tz, THAl iABRE KT 5 v b DS R L 4-6 1ITRT,
(1) FENHEES

HR ks YV —XTHAH LZENRRZH 4-34 LUK 4-35 2R
T TNITRMAER 600, @ 9.2n, HA& 320 DAT v L AMWMBAE
BTHB. REFAENZ 180°CITHBWT ldbar TH B,

(2) K S L % e R 3

HR-3 B T, JTE RN EIZ AREVA #E D g F PAR ASHL Y fH1F &
T3, £/, KERERCREOGRN®EZK 4-36 I2R7,
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(3) 7k FEMH

£ 45 AT EIIT, BR-3HBTIE4 DONFRHICE D AkFED
HHUR A 572 5, PAR 2MEB)BALG T % £ TIXABRA S ITKHRE D
KFEZBINT 5. PAR (FBRIBKREARZABREMACU D X,
IR S W B DK A ARG & HI A A N3 5 B2 Bl 9% (Phase 1),
PAR ADDKEBELB XL Z5.8v0l%IZHE LI LZ2HATEE
KFEEAZ B LT, PAR ORLEIZ X % kFEIRE DR ZHlE
9% (Phase 2), AKHBMUBIZ XD, PAR ADDKERRENRB XK Z
0.75vol % IZEEMH, HOKKEEAZBHBL, ARFEKIZES ETK
RREZ LR SEZDH (Phase 3), KFERH Z 13 5 (Phase 4),
KFBEHEAMRBEDOLEALZEK 4-3TITRT,

1.6.2.2 EERELEHE & PAR PEAEAEAE R & o Holk
AR A IR I IR ST B OO R AR R LR 2 il U, SBRA N Ol
BEROKBRBILO DA ZHEEL TS, PAR DA RTHIAICHEL
FoRFERIGE, PAR AN OBEFOME/RT X —& XV BRI
D PAR itk DK F#HER EHI G (g/s) &R, skl o el 2 & N oGl
JEh 72 AN PAR HERE A NIZ X 5 K#HBR KIS (g/s, kg/h) LDl
2T oTeRE R, M 4-38DEBY K —HTHHMBRBELNT,

4.6.2.3 GOTHIC a2 — FIT & B f#bras 1 & Bk & o Mk
(1) frET NV
THAL 3Bk D EBR N 2 KHITB 1 D KK MBEMITIZIB W THEH
LTW3 GOTHIC 23— Rizk W EMiL 7=,

GOTHIC 22— Rz Xk % THAl RBREEM O ET MALIE, KBRAEBRZ 1
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XD FEERR / — FIZX BT S 1 Xuigeh e ([ 4-39),
% DX 53 FIT X B % X i gl 2 J2hE U7z (X1 4-40),

2B, WTFhOFMIZB W T LEEM~NDBZEIZO VTR, &

A YE D > DLM-IM EF V2 M 5, PAR EF VL, lBrisE
OHBELTHEYZESICEEL, KEOMMEGEIL AREVA(EX D
RUEINEHERXRZANGHLELTEHEZ S, BERAFHFEIAES FHO
KEBLEICHEL, ABRFFCHRESNET 22525,

PEBHV D N2 1% 7 B I )
LETOTABTEE A,

(2) MR
Ao 1 REBEHEIZ X BT RS R
OIEH
BRMIED O RLHBRT & Lo EK 4-41 2R T,
fRPTHS RIZABROZE G ZMARIFICPH LTS EE 25, L
L, akBRTIEBAM 92 7% ITKEDORBEIZ X 5 2WRIES ERP,
E72, 92 FHUBEICBOTIERABRT — & & Lk L TRITH RO T
NBEDICHB T 2MMER->TVD, TORKELT, dbRiC
BWTIX Phase 3 TPARDHEHRREKPELTWSDITH L, f#bT
CBWTERKEDOBRBEZHEBELRNWI L6, BT TRABMARE

4-102



NEFBRONBRNWT &, FLEABNITEET D IR XA
KD EPOLENBTRLRVLDEEZLND,

@ it BE

RaN D& E SHAEITH T D FHEE OISR & lRkT —
REDHgZHN 4-42 TR F . @ TIX PAR D XA PAR 3% E X
BN —BRICHREN T D K o B L, WEITBMTH S BXMICTEH
B KEREZB@/NEMT DT & T, KELBERTUBIZHES
Rz BN T BRI HD, £, BEZERLLZVWI &H
LARMNORERBIIDLRFMIND DD, #iRITABRDE
MR RIFICTHMLTNEEE RS,

RBRIZB W TIXBAS 92 /7% (Phase 3) ITKFEDBMBEIZEL D,
war ERTRWMARRE EABPROND A, MIrTRKEDOREEZ
BREEL TOWRVWI LRrHZOEHRALNR,

RITIIARZ IRKBTHEELTVWAZ 26, I RIEB X
ZHABMSROEHREEHB T L 5D, KBRTIIART
I AKBUBIC K DRADPEZZITIZS VT L2 LMEHTHERIC
EARTEWERZRL TS,

Q7K 3 B g
BENOEESIMEITBIT D KKRREDMHTHER L AT — &
D # 4-43 1ITRT . R RIZRABRO X 2 M BRI P
WML TWDEEZDS,
ABRIZB W TIXBAMA 92 7% (Phase 3) IZKKEDBBEIZ X D K
HRIRELPWPT DKL, BT TIRKEOBRBEZBHEL TR
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WZ ED D, Blh 92 47 BUBRIZ I\ TIE oK 3 B b b il B f7
BT — X ICHARTECHERTDII L LERD, £, TOMHIN
TOVTIEH 4-44 225 LHERTE, BHHE BIZRAS R & g
LT, PAR ITXBKEUHBORMUMER VR, —HEHNITE
MLTWRAkEREZLL PHITS,

. X LI X D AR
OEN

K E ORI R EHABRT —Z L OB ZK 4-45 TR T,
b RIXAROZEH Z R RIFIC PRI L TE D, R e o
BT —ZDEROFERIZOVWTIZ 1 KB B TORm LK TH
Do

@t g

A AN O & S ALE T B 75 P XU E O b 1 & R T —
ZLDH#ER 4-46 [ZRT . FEY > 7 XM & K RH X 2z
B THREFT RS RILER T — Z IR & IR R E b & 72 -
TW3. ZOKKEE LTIE, f#H T PAR XA PAR 3% E X
C—BRICHEB TS L O8EL, PEBIRMTHIAXMITBITS
KREIEE Z#/NEM T DT & T, PAR ITX B KELBE K UL
IZPE 9 FEEE /N 3 A MMz dH 5. F7, Phase 3 LIRETH
ODNDKFEDBRBEZEBEL TOWRNWI ERLREMBZDI R TP
WMTs, oIz, KEinHZzEMmLEZ LIZTED, &FO xR b
BECEDSE—-M UV IZIREXIBREAPBRICEMSINDS Z &I
X3bnetEZOND, THIT 1 XKEEEICKSHERE LTS
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(Carolina Virginia Tube Reactor) SEBpf#bT 2920 L7z, CVIR FEBRIZH
el BEME SN (DBA) Z i LGB TH D25, dibody), EHE LD
JE - 7 6 b % 8~ O JBCHH T ik ek B OV HE = R L — B T k3 B R
R ABRORBMEREZHERT 200 BT—2E LTRINT S, x4l
L=kl — Rid Test-3 TH Y, — @Ml D KX, KR ER A7 L
A ZFB S EFTICEKDEM R CARRIC X D BEES ZEMW LT —
ATH DB
¥, R4-1IZTHI Zy 7 L THM SN EEEBIS & 202 MR
R N

#4-1 HEEBIQITH D2 YR Tk
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& ¥ REE M & DOBRE % 4-3 E— bV IBERETN
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4.2 CVTR itB&

FBriX 1969 42 U.S. Atomic Energy Commission’s Water Reactor
Safety Program O—# & LTHEES N, TO7ud=r FOHMII,
CVIR #% 7 i 22 F W TR H R 48 O % 4 B 12 18042 58 F o] RE 70 1Y 8 2
Bo5Z Licdho7z. (Ref.[2])
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AR RIISH I 7V — T, FORBRODD Y VX hEiE
MIZEMR R — A2 SR EEEICR > TS HHAEARIZMN 6, 400n’
ThHd
(b) 2&&TE A @i
AR TH WD 2L, RWIAGIEREICD D AR KDIEER XD LG
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RAMAROBMIEH AR 7 LA 2T AW DBA BHREROD 7= I2i#%
BINl, A7V, ) ANVEBKBNERZHIN—TEHX5ICRESH
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(d) G303 i
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TEAH i i : 45 (kg/sec)
ITRNX—FEAGE : 3X10* (kcal/sec)
AXTEAR T 166.4 (sec)
BRIRRAT LA D FEfEL
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% 1 1 o L )
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JENECRED ERAPIGIE NS, LEBP->T, 1 RGEHRPODOIE
R B OB = 2 L F —fiht &R BARNE - V22K D)
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[2]

[3]

[4]

=28 PWR J -4 % A 75 i PN B b B2k, MHI-NES-1016, 20 =38
B3, Fpk 124

R.C.Schmitt, et al., “Simulated Design Basic Accident Tests of
The Carolinas Virginia Tube Reactor Containment™ , TID-4500, Dec.
1970
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CVIR Bk Tlk, 4 @D RAR 58 S A E Il ER 2% E LTl € z2 £ i
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1 2- 112 4 7 TOREM & C0C0 2 — RTOMINEZ =T . Test-3 Bk
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—Ji, C0C0 a— FTIMMHARZ 1 /— TR LD, AHShEREZR
SO FEHEE LS, (000 2— FIZ X2 REABRBREZHET 2D
i, RBRFROFEHEZRM Lz, FHEED R G EZTREICRT,

ZOVEHEE & B LT (000 o — RO BRI &M imicbizo TE
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BB, ARBRTREEEAREZKRWAERO EHICKRIBL TV 0, BEXIC
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() B+ D 56 BHEATFERE (NUPEC) 1B W THEM 62 4F ~ Rk 4 FFIC LS h
TerlBRPE T RMRE v A - RAZEHABRTDH D, HFLOBREGFREFITBIT 5 RAAE
K BORENM LREZED R ORMEHFNKEOREED 2S5 L L
HIT, BHAKFICTKDKERBBEMB R LOETHRAL, IEBEMNERND
JECS P L O Rl 4 e PR 0 H 88 G DN IT R M A B O T TERRREIR R OB 2 170, #8
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—HDRBFDOH T, BMAEBRNICKERDOAZKM L EHABRPERE SN TE
D M-3 3 Y—X), TTTRIORBFRZSHKL T C0C0 a— FDEEMH
~NOBEHDOZXEIZOVWTHERT 5.

<ABRDOBEE >

(1) *&WAa

BHAEREIFTZA AN —T PNRDOI/ABBETHY, 4 V—THHEDIX
WABEINATEY, AHAERKIZ 1L,30° TH S, K 3-1 12l o
BEZEM Z =g (Ref. [4]),
(2) 7& 5 BERG ae i

C 5 15 DB IRy D JBCHH 2 Sl 2 B R 3 B 72 0 s sk G ik i 2 Ak 1T TV B
(3) wl 0 &5 i

77 PRI E, FE 7, R 7 i BE i L, XM RE i iR Z S st S hhTn %,
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ELTWD, DX BE i i 2 K V2RI BRI X Dl L Tn 5,
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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 arc 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” lemperature.
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 altacking 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 expected to make up the
suspended solids are Ca(OH), (p = 2.2 g/em®) or Si0, (p =2.2 g/cm?) 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 g/cm®. The upper limit is chosen bascd 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) jfor e <05
g, =
{o(w) (1+8) fore =205 ]

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 partictes 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 gm) = -1.39 to In (2.5 gm) = 0.92.

(11) Geome] - . d ; s m. The aerosols produced
during core dcbns-conctelc mlcracuons are assumnd fo 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 t0 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,
UO, 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 con-crete decomposition such as N2,0, K,0, Al,0, Si0,,
and CaO with densitics 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 densitics 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 cglculation of aerosol trapping :s taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 g/icm®.

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 correlation 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:

04
D, = E[—] ;.lﬁ- cim

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 ¥[q, g(p,~p )"

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

NEA/CSNI/R (2009) 5 @ ¥ Fo OV ik B o B 3

9.2.1 Aerasols in the RCS

9.2.1.1 [ AECL ]

The experimenters conclude that spherical particles of around 0.1 to 0.3 pm formed (though their
composition was not esiablished) then these agglomerated giving rise to a mixiure of compact particles
bem'ee in size at the point of measurement. The composition of the particles was found o
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.

0212 [Porsrp |

Further interesting measurements for purposes here were six isokinetic. sequential, filiered samples located
about 13 m from the bundle outlet. These were used to follow the evolunon of the aerosol composition and
to examine particle ciz¢ (SEM). Based on these analyses the authors state that particle geometrical-mean
diamcter varied over the rarlg( climination of the first filter due to it being carly with respect
to the main transient gives the range 0.32-0.56 um) while standard deviation fluctuated between | 6 and
2.06. In the images of filier deposiis needle=like forms are seen. Turning (o composition, if the first filter
sample is eliminated and “below detection limit™ is taken as zero, for the structural components and
volatile fission products we have in terms of percentages the values given in Table 9.2-1,

9.2.2 Aerosals 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 pm: acrosol
sizc m FPT1 was shghily Iargfr f! h_;fff 3.5 and 4.0) ym. Geometrnic-mean diameter (dsq) of particles m
FPT1 was seen to be between| 0.5 and 0.65 um; 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 value of around
20. There was clear evidence that acrosol composition varied very linle 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 solubilities of the different elements in numerous deposits giving a elue as to
the potential forms of some of the clements, However, posi-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 elements reached
higher states of oxidation in the containment when compared to their chemical form in the circuit,
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