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A& Loop seal clearing Al R o]20% ¢ FUte 499 A YA Y. (W) Rod 2%
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SUMMARY

The present study is to analyze an integral test, BETHSY test 6.9b, which represents the
loss of RHRS accident during mid-loop operation with pressurizer and SG inlet manway open
using the best estimate code CATHARE2. The main purposes are to gain insights into the
physical phenomena involved and (0 assess the capability of CATHAREZ2 prediction.

In this wdrk the following assumptions are used. The oconstant core power was
maintained 4t 1.3°6 of nominal power(370kW) throughout the transienl. None of the three
stcam generators was used as heat sink for this test since they were filled with air and
isolated. Initially the pressure in the vessel was 1.12bar. The pressurizer und SG manway
discharges were opened to the atmosphere. Gravity and forced feed injections were started

when the temperature of the heater rods exceeded the setpoints.

Most of important physical phenomena in the experiment have been predicted by the
CATIIARE2 code. The pressure in the upper plenum is predicted lower until 300s after loss
of RHR because the SG manway flowrate is overestimated than that in the test. But the
time for loop secal clearing and pressure incresing afler then are predicted well. The times of
the gravitv and forced injections are calculated earlier by 13sec and 100sec. The core
uncovery time in CATHARE?2 calculation is estimated at 830sec, which is earlier by 18sec
compared with 848sec in experiment. It is demonstrated that not only gravity drain but

forced feed injection are required to prevent the core uncovery.

Although some of disagreements between measurements and predictions are found in the
detailed phenomena, the code predicts reasonably well the overall system behaviors, including

the system pressure, the times for gravity feed injetion and core uncovery.
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Pressurizer manway configuration

SG inlet plenum manway configuration
4 &4

Upper plenum pressure

Injection fluid temperature

Injection mass flowrate

Core DP

Upper plenum DP

Downcomer DP

Pressurizer DP

Surge line DP

SG inlet plenum DP (Loop 1)

SG inlet plenum DP (Loop 2)

SG inlet plenum DP (LLoop 3)
Crossover leg DP (Loop 1, SG side)
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a9 23. Crossover leg DP (Loop 2, pump side)
1Y 24. Crossover leg DP (Loop 3, SG side)
1Y 25. Crossover leg DP (Loop 3, pump side)
19y 26. Hot leg temperature (Loop 1) -

a4y 27. Hot leg temperature (Loop 2)

19 28. Hot leg temperature (Loop 3)

a9 29. Cold leg temperature (Loop 1)

29 30. Cold leg temperature (Loop 2)

2¢Y 31. Cold leg temperature (Loop 3)

a4 32. Downcomer temperature

a3y 33. Core fluid temperature

219 34. Rod temperature

219y 35, Void fraction in hot leg 1

29 36. Void fraction in hot leg 2

719 37. Void fraction in hot leg 3

19 38 Void fraction in cold leg 1

a4y 39. Void fraction in cold leg 2

21§ 40. Void fraction in cold leg 3

2tg dl. Void fraction in surge line

719 42. Pressurizer manway mass flowrate
214 43. SG manway mass flowrate

1Y 44, Downcomer mass flowrate

1Y 45. Upper head bypass mass flowrate

Y 46. Integrated mass flow through pressurizer manway
a9y 47. Total mass in RCS

1Y 48. Integrated Sl fluid mass flow

1Y 49. Integrated mass flow through SG manway
24¥ 50. Void distribution in the core
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71434+ 2(PWR : Pressurized Water Reactor)o)A] S{dg AA4H, ZF712A871(SG : Steam
Generator)9] A3t R 24 a2 QA2 ¥4 HI(RCP © Reactor Coolant Pump)9l
Seal A & HHoz Haz W4 HFRCS : Reactor Coolant System)®] +H& 12y F
IAA FE3n RHAAHRHR : Residual Tleat Removal) ME& o83t cAlo] HdL AA A
Hedl, o8y FHAREE FEFF(Mid-loop) FHolgta ¥, ojw YA Fe EL &
7Y v EEAY tascte] ERHE a2 A oAl "l ol¥ BEFSF SHF FHU WY =
obxd F71¢4A7] Manway T3 2L WEFZE T3 WG FYsA SR, £ £47)
Uy sdopqu A AAA G 719 folol WA AAAAMEI 2 Ve FAHoRA
fxte el Aol HHEH AALA XA FHYRZA xAofMe WAy nHGea A

Inventory 42 AW dE Zaldo AELE Y2 7H5Ae] Ut

Mid-loop &4 F RHR 7|5 Z4AnE H4&3 2 d4dd &y 248 ¢+ A, (oh 2
HAAAGA 7IR]lee At FEAAFZ A=A, () BHAAASH HL dgoi Ay
Za 4, (v deug dd 44, (@) JEAAYZ AN, (vh) dabAgedA RHRE
g Auive 9% Folvh oleiRe Hdeg J& MFHAAA rgol FHAHU w4 Wz}
A7b vlEaia A 247 e B 2AHXER oA xAEGS RUY F UYL

AnE T dAA $UL F71UN47] U-FEE FF Reflux cooling® AFWH $E7F28 T
W2kl wEolh. Reflux coolingd cAlolA B4 5717 F718Al7] U-fruui o)gslo] v
FEA 7tAd U-FEY IREoz gl me U-FHE o] Frlo wFd of, & s
it go] olatEo] MEsHE #Hidolt o W Fr|v U-FEEZ ojFdt: v, 58 A4
= oar2 uae AF w402 sEot tAEY. oAF S o]y dAGo] oFyAEE
olat& 497} £13] A A S ojot sy, 257 X2 Rt wolol gt Wi HAFU w23
T2 T8 24A 9Eo A# dAAT :H:FE HEATIY oYY Y FHFdY B
AFAL o) &% HAH A% Inventory BH7 astth ZAAA 715 4447t LAEA &
W U2 Y4 A5 dEHol AssAl Hed, o AFYE 4 dAYdEHe ¢ YA
Thimble seal 2& 7719 WA 4g& £ 7 Aon, EF 4ilgos A AU xES 42
B ASHS HAY £ Ak ol olF 2 Mid-loop #H4F AAAA 7% FAARE YAt
2 A Bhste 2e o] AFHR v &3 A4YH oz BETHSYY ROSA-IVS} 2
e Oy 4¥AA7 g85Hn dow, HAxHAE RELAPYMOD3Y CATHAREZ REZ F2
olg)¥ Al:ne EaFH HA HAd AlSHI duHAGE 2, 1996; Hassan et al, 1993; Noel,
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CATHARE2® o] &3t 2o A3t & A7y F8 H3E Mid-loop 45 ZAA 7]
T AAAIIZA ASUYE o)HE I oy AlnA] CATHARE2 A=9 odf&58 g Hriges
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21 ¥E€35 A 9 A3 A4
211 #E&5 &4

MABr2e] vdedAEe d e JIAAAATL ¢HL FAXA dolde kAT
A& AAsted AMEEY. BAL A4 F2 o4da AFH € Frg4E/] U-FEY 442 Y
ZA ME Seal AH R 5 E At Ay, o] of WAL AFAHE gy Yo A
E RE SAZAAU e 6 HHlE A8, o] W wAddde dEHAld v 4
8 Rt DLAAAEE o] Y P FT FHL AL AAE A 20F FE AAsd o
wo] AR e AEHAY o 05%oltt. FEFF SHE AT &Y FUMA W
Sof, ol 2@ G v §Ev e Fole EdEe] EAstA gy o o GAAAAY

g ol8% xATA AAE n2@lM 2E9 YZ4E RHR A¥ed #5140 ¥ durg
AA B4y AL YAsE AL FYATILZN LY E AARY. wds BFY
AGA 71T F71EA7) ojaxe F2 B2 ZISA A= ‘Wet lay-up’ Adloly S]]
olatE B E AHMME oAb %Y 8g RY¥ uiFA7E A4E A

AZA 7N FEFTF FHE olF7] A&l & WEdE T2 £ vhE Vensl £A4Y
F Adved o= vga Py, 4719 Relief ¥HY Manway, 27]#@47] Manway, Main
coolant pump shaft seal, 4 ¥y H22 Upper head ventZb &Y 4 Ay, BELS ¥
4 SAA Fuy 2 opd e VentZlh EAstAl HY, d3 Ventsl gl A$-= shgsich =gt
BETT 4% Z71847] olad B4 E st =&Y E AXsE A9 ded o] A =5
o2 3 F/BAVY o|AFe HE 55 Asta] ARGA sy, o] o xEW A
&4 AT Y57 A4 8712 "AUR £ de 7tsAEE ATY £ Aok
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212 ZAAAE 44

Midloop € H % ZEAA 75 FdARE FUE T3 AS7AA AAHoz g dof
don, ol2jg Alue FE Y4AL A & 57HA FH2 FEY F Yok

() RHR AW F71fdez A AAdAAHT FAARE ol 24 Mdu)e 434
Aol T 449 Asdde nFsez A& FA4A 947 dert Fr7 ZHAAAToR



FUHoEARIANAYT] AAE fFUsh=s Atieldh. ‘87do] A Y 0] 9 Diablo Canyon 2
WAHAL7E o) Akme] 73 dEAHQ AldE € 4 dtHCrews, 1987). ©] ¥ M A= Westinghouse
type2 2 ALY @HAE AAX 7Y HFHE F VIAAATE o] 439 AdAM Yo
A& AARE Folen, RCS £4E =E9E 4As] 944 F71¢47] 144 Manway &
ALY & AEE ALV FAAA s AN o] o B4 ¥ HFoz FAAAA
Foz9 F71R8 94 RHR 7|s°] d4dse Atz ¢48An. o2 A3t RHR 7l5e°] %
T57] Aol x4 HlFol Y] ARHYon, A FU JitS] U¥o] FeHUY. ¥IE
of Atz A x4 &4 2Ae GANA AAHSAE FAL, O JMEHAE T W
E3a d4E 2o FA

@ BIAAATH BBt dPo e WAz Adsol RHR 750 A4sE Ang 2
AAREE BE 442 WAARG ojelo) HAsR Aou RHR AFUol 31e WHEo) A
A3 & 25%o2 YA HY, WAL WAL ol§ WHE FH WEHD, YAAAYLe
FUG 4AT A BYAA Asddol ¢S E Aol

(3) U RFHY ALAGE o] FAAAYZA HYE FI3dE 2944 % vjddAel
A 716 & wHA R BIAMAYIE FEHE Y45 ddAA 750l 954 oA
g2 o] Al3re] A E A o= Westinghouse 4-loop types] Vogtle 1 ¥H A7l 2} Chaffee,
1990]. 90 39 #AdE ARHT ddol 44HWA RUR FZof HYFitol FdAUY. o
@ RCS+E Midloop 4HRE -‘r’rlliih‘lwﬁl%lﬂfﬂ o go] WY& FEE7] AR AL Alny
3B¥0) A ¥ AVIME A9 2xE 493 dedtd xAELE 2AY HYE VHA4
I YRS #AY F AU

(4) ZAAAHZS A nZA AR JILAARIZLY 7|AH &4o2 HIE7 AAHE A
ng ¥t o] dilx o Traind HTrP HAS 71gsA] god XAAA sFol Y4LH
£ AE FE¥ F A

(5) RCSAM RHR A$S2 ¥ Aeldy 97 ARZ FIAAATe] 239 Aol YA
of wrst @3 o, EHY L5A Ex AL oal o) Wt BIF FLAA 7150
4449 & sl

ZAAA 715 44 BE AT WY 4429 gy IAF Alxn &4 71 5 AHA
840 M FYHAAY. B3 ALAA /)5 YHAILE RCSZH ¥AAR FUE 9 ¥gE
Midioop 2eielAzt ©f A% Aoz uveydg Uity x4us R xAHXE AH0
Midloop &4 Y w7} WA Fo] Hol o %el 7] WEolth. FF AlawAge] FAF #HLE A
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213 TLAAAT YAl wE A2 AL

29 18 FEAANE) 448 A9l CAY & A= ALFAE e o 2 AN
w0l A ¥4 492 ¥ 4 U e AW Ventsh EAsE Aoln, BE shite
A8 Y Aol

() AZFW Vent?t 2le 749, & 71471 Manwayd F71¥247] Manway$® & @ 27)9
Vent7} deigle Z4#® 2oi@dc o of A¥W F7 14 ¥4 < Ventdt ¥3to] wxiysA &
3, o]2 As AFU InventorvE HAAUM xifel ¥ HE4E FEY &+ A o
W Fy Y2 FHU9S A2A Wy ARBA(RWST o Refueling Water Storage Tank) & -
RE FEFRAA oW Vent2 WU & 233 ®d. o] A% RWST $d59Y& RCS
dee grolnh wrop A Fo| sidHo] RWST 5 o A ojdoz Yol 458u
FUFdoA o AFW YA FHE BHIHSY Aol ol AF &, FHFYA A% B
F Fitol BHeE AeAT BAFRYN A¥ B4 ¥io]l olFojAof Ventd 4 A%
Inventory #ao] W@ c4xd ¥ A4Sl dojyA 4§ FHolg,

(2 %W Vent7b g1tz B 94 Venzh obF & H ol AlRF wAol4 vigol 243
UZ RWSTE YE Fd3]0d o B+§ T3¢A €. #AY AT Vent7t glonz
AEYY L 348 YosiAsA (DAY A4} o] FHFRYA ¢ W P& £71es
o o] do: AFYY Aol gL FA FoAAL AFY Inventory Laots & JEEL
A& Sight level indicator & 2@y JddE 2 Vent& %3, 371847 U-FEE o
43t Reflux &% 2o % x4 4AAE £93A €. 53] o] ¢ Reflux 5 ¢
23 2 AN sttt 1d olde FIEAr 7 FANEH A & FIEA] o
AZo]l BB A& F£UE FAsI Yojo} FH, LFFH & o] FrEAs|Y N HFHo)
U X a@dZo] Axsio|gx] gholol ot ol & e FHAA o] FAHAYA =
ARde g2 Yig 258 4AA € elxn, AN F217F ¢ AREAA A
Bus B3] A Frle 22@8E A FIIeA76 ol2A €. olojN F7eA7
U-FHA $£2d F7]= dA negoes "ol 4oz HEo 7l Reflux §& Z=A4H
o o]&tt. 7N F7|¢A7| U-FHE B clAFo2e dHLL oAF 58 FeA7IY
ol T Y& ATLE ¥ UYL F/AIIE Hdol €Y. vpATY dAZ (&2 RHIY
dAY FAZ olalF X7t FANAAN o)xt&o] WFEHI] ARV, A7 47 FIE °
A& dHAE ol T WMEY F ULE ol FEM 7|9 Venrl EEAVTY, A
Z 4HFLE o ol AedAl odn HAYHE o|FAA ¢AHE £ AL Aold. o] W o]} Fq
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ME VentZ BZA7 mAyrzizg olx& FH7 WolAAN F71¢A7)19 Reflux coolingl
oY dAY THEL AYWsA B ASAHA FUEAA7IY dAA J1FE fAEY] AdME
U-HEW 850 Uoju: Active 990 §4 Aol 7Y & UKE )& +H& 3F
8 fAsE Aol vig FRAY. olst P& Reflux §Fol & A dAAE H4E 1d 9
29 F7188718 °18Y F AE Afd st ¥H o)f JEY FURAL U A S
T AW v Sl ¥ &g SRdt

22 AlRA Aoy oY

Mid-loop #4% RHR #4AlnA] A4 $3 el wel 44 Ho|7h JARAL AT
Wzt #8024 AESE 45y 848 aA d& A7tA2 UdE & g AAE FHFE]YA
%t ¥zt BA = 4MF(Core boil-off), otA %22 Reflux & & ¥ Wzto|r}

221 Z¥FRA ¥ ¥

RHR 44dAlRA] RWSTE2HEHY T g W5y FYL cAxE R 48 ¥ F A
T F8% Fdo] "€t RCSH #HEF27 de AF0CRE7IY F71¢47] Manway 185t
Upper head 49 8)4 H& 7271 2E 29 25 RWSTY $5& e o FdFPo] A2@d
8o olFojxy. FAFY A& HE&Poz §dd WAFE DowncomerdE AA w4 O
2 FAsY xAg WA Hi o] W wAd Frie ASH WERZ7E AE AF AR S
F3t] mquztoeq AFUHY 48 FME x5 8 o AIRA A€ WAL
F e W FAFAFL AL A R ARG FE0 w2 AP § g W FH
of 93 F31& RWST #9494 AH2& Aol 5% % §F°] 22+ 29 Fd&H(Form
loss) ¥ ouhite] o A&of oM AFLA o

222 xAvls @A

wAo] MsHozM TASE WYOSA NUAZE ATUY] F455UA 221 AHE o
F@ ubst ol Aol WAS FUAFo]l FAEAY AVIAE A7 WAY + glen, Bgo
£ 571847 Reflux W2l o)¢ x4 29 AAE 5 4 Utk RHR 4443 AF& oAy
E ASE ohd 4z on, wFol WA Mol WAFE TRLEAA F457 A
opte] Aol Wastth 4% 457 A¢ wdL FAE 2% RCS L7 60Tolx,
Midioop 4% RHR 44437t At 7Hd8e o A4 x4 H§ e AR o
30022 HE Aol x4y Mo YR A2 B FUcH]eong et al, 19%6]. kATl
AsE 54 xyold 24E F71= RCSE /HYsHA BHo2E da 428 T BAY
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7HA 99 E¥ Vent& ¥ WEE xHW EQSHE B3A 8 AHeld. olfie] x4 v
T ©E ATW ArY AL 271 AF Inventory, AFTUH, AL, =ASLY FHEE
a5 MFN Vent &5 o &l AAs o}

2.2.3. Reflux Cooling

F71¢471 U-BHE ¥ Reflux §%& Midloop #3F RHR A4AAIRLA] 429 E AA

o Yol Fa¥ JYE ok FF 345U A4 AT AL PERZ7E 7718 Upper
headd €2l 1&A F71€47] U-H2§ o] 8¢ Reflux coolings) oJ¢ =4 JId AAFL A
Meal BEFe) ok 94%2 428 BE Fo Fdol F71¢4719 Reflux coolingd J#A AA
CHE ¢ 4 AtHY YA, 1995). o}t 2L Reflux cooling & Midloop €33 Zo] 1o §9)
v} ozbx] 49 Al M s HAoE wAdAM A" F27 228 AAH F1gA
U-fred fddezd 48 & A9 F71¢47 U-Fud v &&4 7 =29 &4 U-F

& &e] dojut= Active ‘5"—“‘3‘} $&5o] ¢AHA 9t Passive 9922 viyol 1 Ay
9 %0) U-Fu A% 45 FEAM S83A @A ¥A, 1997]. ZAHo2 v
4 7hart F14A7] U-Fuel & Qe 4¢ cAdM €4" 7171 U-FEd €8
g AEUA ol2d ¥ FEY tAE U-FE 452 Yojgd U-Fro §&0] 75d
EEHG NAE 5o Yoz g dxFAN olxtZ oz dAdo] sh5e) WG Naff et al,

|ﬂ'.

g nim

o)

o &
2

.‘on‘_oo

1992; Ward et al, 1992].
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3. BETHSY 6.9b A4t

3.1 BETHSY 449 4l

BETHSY 4dd7%4x+ CEA, EDF % FramatomeAlel TEAHWLE 3-loop 7IUAEF28 €
2o FedY4g A7 AW F% Ao, E I& o} pe Y Ay 4¥ FAHA
RY ARE FEF Hojth, EH R 20Mt BETHSY A¥ANAA 89 Adgol A &8
W AAE BAsAd. BETHSY 483X W dy@ae Mgse ddace AFR oz
ARAf MRY £ e AT A dy BeH @4E oMded 2o ¥d. ER U
o] dabarin o) Afabet AR MAgo A Aatanie] B 2o di¥ el AL
dEY F8 dey dygdAd W a2 S E FUHYLEN FuUo ALY A W e
dn g Ay Age] n2 ARM £ Ad o] A4YAAN F X£HE& CATHARE #aas9]
H7F % 3-loop PWR ¥]4& 3 4AxpEOPIE] el3A4 g HESsd AcHBazin, 1988).

BETHSY dgal fa2 W4 ARCS)Y vidA4d Bzg na3sr] Hato 44
HHde Loopyt 3 3-loop& 2o d¥d 4 Adod, BETHSY 4Y4x9 Hebxd dzxiAF
Bl 2% 20f YElY Ao BETHSYE 9499 date g 298 4 Ao d9AA2E A
%ol Al GAYHL 172MPacl i, ojah& S 8MPaZtAl fAY F Aoy, wA44FUHES Y
 &(Decay leat LeveDo 2 A#slo] FHEG HAAHOZ AlnRoojE= iy x7]|of o
A2 A dojuyng AAFHo [UAY Lee 87HA AT ATWS(Anticipated
Transient Without Scram) & 42 &4dsoA 9 oot HAX Xsith BETHSYS ¥H4 A
M A4 9de] Y2t HEIE A% AAKES T3 F ASE AASHAG. oA
&HA7 RCPY AAE M2 3t AU, Aln 28 F< 3/0e] RCP7 €3] BASA &
Re7lo] A AEELM, T RCPE #ASA ALY A% YeEdEs A 58 d+E o
a3t xolE FHsA ¥ HdARE FAME olft BE AlRE] Al Z7]9 RCP7L
AASo] golg} BAE A FHo] YAAFY Asol FLY AL dr] dield. a1y 3L
AaAE o A YAE Yehd Zojny Iy 4% o] AYHA FU|GA/E AHHez
BAFER gt}

fr

32 BETHSY 69b 44 /8

BETHSY 69b 4¥8& AFW F Vent &, 7I47] Manwayst F7]2487) d+3% Manway
7b 48 e 4%std A Midloop 4% ALAA 7150 AAHE Ang 2o# Aoy, o]



AYe) 2108 A4AEYE AFEH 1.3%2 370kWels], AW Vent: Loopl ¥HE 7i¢t
7l Manway$} F71247] +FF ManwayZt €43 UAEe Heg AQsgony AUy F7to
e AVFY & FHFY R ZAFSUO Loop 3 HEdA AYE ¢AFY ¥ & FH 4
HEg 293, F21eA7] oladde 7|2 V5 dew #4z Hegol AlgHA e
Aoz 7tA3&HA

ol ¥ dYxd oM HAL7] ALE AW XJxPde2 AFUYL L12bar, 2LH R A
@ 2x& AT X425 103Ts 12T 24 olof disl B 30 ¥t AdgE va 3
g8 ¥t =@ dY9 AAzdoz 442 dAA HZt AAE dHow AfFsHE
Midloop HEi2A n&@ FUAA wolx AR AAFYUL FYFUA FAF]]o G 2L
239 w2} 37T Y44 E Loop 39 He@er FYHEE Y HDumont, 1992].

- F4F9] -

FHFYL AUl Rodd] €57} 20T & dAME Y& A™HS Hoeg 2ogey 2
de g & v g wde} £ o

QAG = 0654 * ( 15 - PBF3B )
o714 QAG = <HAE]]F(m'/h)
PBF3B = AM&# 3949 <+ (bar

- BAFY -

FHFYUo2E ALHE XAH2E 45E HE F %9 x4 Rod &7 30T oldeld
ZAF]Iel AASN 2 F& 025 kg/s oItk o] # ALRE ZAFYL AP W 2 %
o] &&] AHg S Ut

o0 x4 Rod &% > 350T -> 0.25 kg/s
o 3000 ~ 3600 %= -> 0.30 kg/s
o 3600 T 4450 = -> 0.35 kg/s

33 CATHARE2 {829 R A4

CATHAREZ 2=+ E3AM CEA , EDF 2183 Framatomeo] 3%2.2 /a3 dxde A
AL - 322 o|ARFEL 29357 Y&l 2-fluid, 6-equation 2L ALE3I5, o] R=9
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A%E A% 1579 712483 BETHSY di8 d¥E s4sdcd. 3=< 197934 7Hee
A1 Zste] 19823o] Hx o) CATHAREL Version MR & Az 2, 48 R Ay yzxy 44
Al AYe] Y HFE vhAR AL BgAY R $4E & WA CATHARE2 V13g ¥
Mgt d7IME 83 By Y34 FAADA s ddY EdE a8Es] fa 259
Downcomer £¥°] #7158t IR ol4fKFAMe W2 Y34 84H& ddHe 7|
37] #18 1-D Pump Modelg €4¥ o, 2714 /9 ul§&4Y 712Ny Ha7t AEW &4
& A AL FYE ¢ F ALE 2EE 3 AHFarvacque, 199); Barre, 1990).

BETHSY 69b 29§ ¥3o CATHAREZ ¥ & % 420719] node & AH&&ATHIY 5).
7tt71€ 3789 Volume2 & W¥o] Loop 14 Addson, 71%t7] 44 Piped 29sd 7}
2}7] Manway VentE dZAIAY. 2Y 67 7€ 49¥9AAM9 7Id7] ¥ F71¢47] Manway +
2% vehddel A3 £F FRI5E rAHFAR Loop 3 A&l Source RHF ol &3t F
ASIZH 3. 8 F7)L47] A& E J4Yxdd wa ZPJ A @it =@ 42
Wzt HEys A5HA 94E Ao sAsg o, Midloop AHE A71H8 &4 (Lower
plenum)of A W22 wWEHEE A =AHFYLS AAEFYY 1.3%2 JkWEH dY F
BAI7A fAHE Rog 7AAAsA Y 8).

34 A% A

2% 9% Upper plenumol 419 43 & Jebd ok, o7zt AlZEEY e4d2de Jg
271738 0kWell A 370kW7HA] 38 ete] F4FaAHA ol FAlo /it F71€47] <
FEEA AE ManwayZl Al €0k olgtgto]l x4 Eo] FAASEHTFAM xARA FAH
Z71ggoe A AFUY dgol AU o] HdYAAE olu] ELEY E7|ZUAA A
ZAsu2 w4 WA Lo £ Hx 7|y #A4scd HEe AL A9 "o
gkt PAME HE7] ARAH Fale AFYHe] #£3] 4o ASE ¢ F Ao
Bx7) AlZE oF 10024 £7] UY Peak& olFd 4¥E HE L12bardA 13barAA
o AN 124bartA HEsa. 2EY F gx7] ARa FAd deigle 7
s} F71¢47] 1 ATEF ManwayE B8 W27 sy os ] AFGAL MHM3 ytolal
oh. #xE7] AEFE o 10024 H FHa oAz AR AFAHLE 9 450x PEHE AN F
1A &8 AFAN wAUL Fhe) FYol o YAHoZ JAE FHE FAWH
850% o] ¥ HE AAYF LAxEZ LAY FIEALELE FolNn ol2As AFYHE AMA T
gojAdh, gy T FYHE FHFAGY olo|H A& FRISHE ZAFY A A&
oAl Ha QAR kAW F71EPFo] Bl ol2AM AEUHLE thA] 4F3tr] A
o A4Hog AesHE HEYEL 1600%0] o2 Crossover legd 5§ Iojull Loop

seal clearingE ZAAAZlth.  old Crossover lego]l ¥ 2ol A2@ ¥ DowncomerE AAH
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Aoz fAEd. oldAA: :AHARFE BZ4AZ d¥ HoNE AXxE FHAN Bo] kA
otefol M RAYA At =AY E AFAAH @82 428 22E& # A3 Rod
o GALE AW F7IeAdEol SR2YA BolNEA GHE FHFEHA @9 ol2AH
22 oz Fr&xT weA 747 R F571€47] Manway® FHAM B 39 F7171 =
AY7tA Hu, B8 2@ 14 AFE Surge line2 2 FYHE F7I&E F7Hd ¥ 4da
(DP) &7k7t A #A 89 22y & x4xfo] AlebdR Rod 2571 HAARA 44U F
71g &L ol AEUYE oA dolAde L 2ol /Ut o] if x| HgYYo] §
45 oF 10003 o] H4¥& 145bar 22l ALL o Ho 23 o ¥ 1.70bartA Y584
o

¥ 102 $YFY R ZAFYA AHSHE BT & HElE Aoz o 37Ce £l
AP 34 HAE AHFY kw8 E T4 FUIE & & A% 29 11 od FYSHE £4
F& dEhd Aot QoA Zo] FHFYL A Rode =7l 250CTH YoAME 48 39
Mol AFUYHA RWST vHE ¥ ST w2} o &a 2 &8 ATA FUE

Qeravity = 0653 = ( 15 - Poots )

71N Qeravinv = FHEF Y F(m*/n)
Peig« = A& 30 M9} AEAA (bar)

aYA BSo] Aate]l 4¥R x4 Rod £57F 3t 2] 45do 112004 oln} 250TA =
gt FYFo] AAsdon dYL ol 132 £& 11332 £93H FHFUo) o Fo
Ao, 284 FHRYVNOEZE XA ET & F 1o Rod %% A% 4sdd FAFY
AlztslE 350TH7AA TE8A 8ok AL FEFAE 1002 FA 12203, 4¥ e o 200
< 1318% o) ZAFYe) FFHY o] W] FYFL 025kg/sE YA} Fo] A2HUL 54 F
ded. ol¥X%ol x4 Rod &% F5olA Ado]l AP Y HE olfE 27| xA4Y
BE Bo| 2oz FYHo] F7|2 A7 Manway2 8 dAYg o2 x4 Inventory &
Ao A Al4be]l dYrth An x4 d YAAHEE AAtol ¥l olgito) Rod 527} %el 4%
A 8 Aoz wadd IYdAA & F AR ZAFYL FHFAA= Y M Yol
Atz o2 FUsE Ao AYANE 3 BAZ FAFUFL FFsUY. ML= Rod %
7t 350TE PoiM A 025kg/sY #Fo) FUHD vl 4 APA| o] waf 3000%] =@t
H FUFE 0.25kg/sHA 030kg/s2 F7HANA LY v %oz 3600x HEHE E A FIZFE
53 035kg/s7t FAHE A2z by

a9 12€ xA 4HAHDP)E dehd Feltt. aYdA dEgtRe] AdEAst d¥ro k4
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DP& @A AZsx o ot 3}x7) 27| d¥Ey @ Fo WHAst ne@ez U &
27} F71¢47] Manwayd T8 U3zl q&ojgy, & CATHARE2 RE=7} }4 Interfacial
drag force® APLT A A4H3tq @& €0 ul@L2 Y3 £/t Aoz @€y o
$}zte] CATHARE2 =9 4] DPol A #AL o4& & Jdyel dist CATHAREZ =9
AdDFANE E3do] ERHD QUEE ¢ & AHADE, 1996). TY4A Loop seal clearing
o] dojut 1600E A FH2- 4 DP 771 dojua k. ol AFUY 1gdAME AF
8 Kol Crossover legoll d Eol A&@ U Downcomer& AM k422 RAULAWA 47t
Eolz @AY @yolt. o X A&SHE ZAFEYA 8 AL UA ANA =4AxEF d4e
AltA S x4 DPE 43 @& fASA €Y. 29 13& 4% 3% DP& Yeld o, 2
oA BXo] % 850 Aoy 4y 25 AN¥FF DP7t A9 0k vdtt. ol 2 o
B2 A fo] WAHA FE o|stn 1600% olF Ao} Bo| A2EUM xAUXEL Fol
HR ARFEFAS §o] dol &9 DPEE dA F71%n A& ¥ F AW aY 4=
Downcomer DP& YEetd el IAxr] ARFE < 20% 7AE DP7t 4R o&
Downcomer 9 A&# % YF =& ¥29 8o 4oz FUHE AP 2 Downcomer DP
oe W¥o| gtk 200% o]lF H&# % Downcomer Hol EAE &°] v mAyrin ol
£ Downcomer £9°] A€ AXN #AUrzidA DPE FolE7] AFdch o 1120 ol¥FREHE
FUFE]Y R BAF]lol FIFHAA Al DPE A58 €Y. 16003449 FA2H DPH&
€ Loop seal clearingo] ¥ VA4S & Downcomer?] €] kAlo2 fUEeRy WAW FHo)
o a2y olF ALHE BAAFdel o8 xAHE g ia Downcomery U3 Y DPE ol F
HA <ty st "o

gy 15€ 7i]t7) delA 9] DPE YEld ZAolt. #Hxr] AZER &o] ijtr] HE §4]
AT gten Fr)14Eo] ¥ DP YA E Surge lined] ¥ & 423 2 7479 f2UHo
2 2l DPE A 8 98e FA Raxn ddh. AL4BAAA BW 16002 DP7F %t 4
3y ole old FVI&EVE F/H ZHAE deld dgeln AMHeE & 9 1 #F& 43
Zol ¥y 2 AolF HolA Gevt. Y 162 Surge line DPE YEM Zelt}. Surge line
S AP U AL F7]12 ZFS5AE /o] ool e DPEAL FE Fr&Ee o v
o3 A= Aoz HBF oYW JHA 2LY €°] Surge lined FUHo| wAHE
Liquid hold-up &4+l 2§ DP3AL olyy,

g2 a8 17944 1971AE F718A87 IFEFAM DPE 4 Loop¥2 uehd Zoly.
Loop 1ol did 29 17¢ BY 27| Ax77 AA&Aoia AL =HdH gL & u2d
€ A F71¢487] Manway€ F8 ®AuUrt7] H8 423 & DPE Y7TF 42
Qou A¥e aze 1/3 7H¥e DPTE #Adm o] AdrgE oa AL Fe Wisrt
Manway & & #aiudrsi= S 898 5 vk 2 o Fd = Ad¥e A9 DPE FA3HA o
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o ALAME xAxE AW 80xAM 16002 AlolE AdsuE HAY 2IHY
DPE #&#8 9481 U&8 ¥ & AT Loop 25 34 oY 19 18% 1944 w50 77|
% F7]¢47] Manway Vents7t ¥8i3le Loop 1& MSARE ThE LoopAME A9 ofmjd
DPE 4o gAgdol d%o2s F3e) £¥o| sl & e ¢ 5 Ut

238 2044 257 A= Crossover legll 2] DP& YEld Zoltk 2@ 203 21 Loop 1A
o] Z71¢47] ® Pump % DP& uJebd 2o2 @H¥ Loop seal clearinge A5tA gsked
aY 209 F71¢47] & DPAM RXol AHY o ol A& EA4dn A& ¢ 5 Uk
1Y 229 238 Loop 24Mel DPE Yeld ez 4A¥oly A4 2% 1600:4 Loop seal
clearingo] ¢A¥ A& ¥ 4 Ut 1¥23 Pump & DPoAA A4te &4 DP7} 071 siA] £
a1 ote] Bo] EAS I 9ol Aa Y F |45 57 #eEl Loop seal clearingsd ¥ A3
g %8 Jdehdi. owvt Ao oy 249 54M 250l Loop 34A = Loop scal
clearingel ¥olutA ¢fd W AYAAAME Loop 29 %3] Loop seal clearing®l Yol
2 9tk 2#Y Loop 39) ola# o] AAMAA At & Molg WA G2 ol BMF
o2 A¥F vsd AL Bolx vt

a2y 26eM 28744 Z LoopoiMel 2@ 258 Yetd Roloh AL g3 7|9 &
g o2 29 gt IYAAN BEA x4k Fo]l WAHE 850F M 1600E Atole) & Et
FHesc A8 & FAt 3Y 2994 317AAE L@ SEE UEN Fojt MR x
AxeFol BAzE A7lo £X7t 4odti &S ¢ + v, o a9 319 Loop 39 A&
# 89 2x71 12002 olF 4 2ol olf= Loop 39 ALBE F3Y FHFY R BAF
Jlel olFojH7] AEoltt. 1Y 32% DowncomerodlA9] %% yehd el & zbelglo]
Adgdse & AT Atk 2 BL x4 AHAAY & YEr Aotk Aol 4 ¥
Boh o 70T A A& don 2 Fk AME 2002 A: e debdd, =3 29 M
HME x4 Rod Hdl &7t Aldtel & 70T &4 delgoy 25 F7HAHL o 85022 4
o Ao A& Ak ofske]l CATHARE? =7 A4 e 283 exisg A
of ul& A AF3x A™. Rod &xo @2y FHAFS] U ZAFle] Tz AMAA
AR &4 9 ddde 8 Holg BolA dn ok o 160094 Loop seal clearingl o] &
Aol oA AMYAAAM 5= oA FAAH o2 HojHd

ag BN IAE n2BAAMY ZIxEE dEd Aot mye Hxr] AFA
Midloop 2882 L&¥ FX7A €0 A e Gl ddo] AXHAG. Hfx7] ARF %
500z <ol AY R AN 2F JirI% $718A7] Manway€ 8 # %ol AUt A9 vlo]
Ae F, 7IEE0) 19 77k WS BEola dn 1600% °lF :4do] oA FAHAFS R FA
Flel ] AYAUAN GY D2F VX&) ESHo] BAHT gloy ofF HE Folth
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gA] By BHxr] A 5002 dof m2#9] Bol MAYNE JY FEAAA n2BL A
o] ulojglE AHAA Alnzt AP n Y. IY 38N 407X ALBANY JELE Y
Bl FHoltd, IYAAM HEo|l BETHSY A¥FXAAN Ag@d n@ict o ¥ x4
¥ Qo] dA n&Po] Midlooop HH Uiz HL@e 2 JISA Ae Y AL
. o] AYANE HE7] ARA Mg 7IEEE 0 ARSHA H9 7] 300 Wl o
HEo A Eo] 4% AX Vemt@ ®A YstA "ok a2y AddME gANE A3
A%l F71¢47] Manway & 8 Ad¢gRc @& Fo] waygoezq A 7|X g v
M Ado] dYuct i & Addsd AYrd @& 49 L@ #o] A& AN WAy
RAEE ¢ F A ASANY AY BF 1500F #2oAN 7|E&S] EEPol g4 o&
o] A7l ZAAFESle] o#] Ao 7)1¥E @& WolAy oz A8 AXUYYH Il gA F
71457t ®2tx] Surge line® DPE %7HA1710 A Crossover legel # 3o wWsd rixs
Crossover leg®l 3ol EETUN A& 7|8 WHE 71HE Aoy, TA& 19 &(1¥]
41) Surge linefl A 9] 7] £ & & el Aolr} o7l B Ro| Surge linedl= 4 AN
THA Ao FII¢ EAY W oy FE LTHAM Surge lineX o2 {FUSA FASE &
AY £ AY. &, ATy 7ItF gA=E Surge lined Ao DPYAL F7i4x9 Flo] B
3] @ DPR F7] £571 Eo/EW DPE ZopAE Ze g ¥olm gld

a2y 2% 7I7) Manway§ S8 @AUZlE §FE JEd Ao AYey AR BF F
Zlvro] Azt el 2y 99 Upper plenum €3 2@ # ®]%=§ d o]i: Surge lincolt}
ZFt7iel Liquid hold-up Z& A #o] glo] AUl wod e 9 F771 MAUrstn
Ho] 2oj5W Vent F¥E FoA=E 48E Holn A Upper plenum ¢4 AgoflA A §
A8gel 102 719}7] Manway S ZolE HEHD o] ¢A 2EE WL FxaR g Ao
tf. 2Y 438 ZF71MA7] ManwayE T8 AUzt f3g debd Aol AYURS T
R 23 g€ A3 glol A vMEE ¥ & AT 7Id7] ManwayE T8 w3l
23 AA InventoryE HlE S = AA F/1LAA7IZ WU F& Aol Ayl H& ®ol
WA ez uehdo  orled diside Hel dA AdFHEE HAYG. a8 M4e
Downcomer| A9l #3-& uehd zZielth. Upper plenum t3¥ste] wel 4oz {s=
Downcomer?] # %o B F5dol BAstn At < 1600x9ME Loop seal clearing &
o2 dAHor ge o Bo| Aoz FAHI ASFE 4 £ Y. ¥ 455 Upper head
bypass ##& Yeld Reldh FHEr] AIAF x7] 300% Aloldl AYel ®& FUHez we
%o] Domed 7A Downcomer2 WA U7tz Utk Iei} F714 3l QoidE 4YH & A
ol& volA g1 oM 7kU7] Manway # ¥ R AFTUY FAAME & IS FA %ot A
A Zgo oM & AolE BolA 3 Ut

¥ 462 7F47) Manway® S8 wA Ul A {EE debW Aoz Aol did wH
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Hd A& U ¢ ¢ At odg OY 478 AA A¥ Inventory® Uebd Aoz o]
TN FYFY F BAFYe] FUSY FAAZIE AYH 40 Ho]& Rolm o] 4YH A
A dAY v TY ¢ UAWT THE AN PP o] wAYt g Ho|r} 4y €
YAX v FPo2 FAH1L USGFE ¥oFa Uk A2 FYFYo) AFS7] A 500x
AA 2l Inventory® ¥]Zs| g olu] AAH LYol 100kg AT Hol& Boled sl 13 46
AA BetREo] 7i}7] Manway +3FE A9 X glo] 7l F7]e4d7] Manwayd F8
AU §3S vZAM Adde] dYd uls] 433 BEE ¢ ¢ Y. 2 482 FHYFA
R ZAFEYez TIE FFE Held Aoz Aldo] JdYod v FAZI7E 23 B HA
HQ Pl sl Ae AR Y. AN FUE $F& ¥ W o 900kg A= 4
RN AYrigd #3HAqY. 319 49& F71€A47] Manway& 4 ®24y {3 & JEd
Aoz 4d¥e 23€ A&7 o A4FAY Yyegud. A7 AFE 27| dgiE wxz
Yrte Re Eeolm o 300 ol¥ HEt F7IT wAdrt 1600% olF xAlo] ©A An
Upper plenumol &°] A2 2®WA Al F7]st Eol FAA wAYrtr] Alxgct

spAeto 2 a9 508 kAAAY Z|¥E EXE JdeEbd el Her] ARE 850x ¥E
e kdol dolyr] AR Aoy 1600%e x4 & 9A AMAA 4ol AlGAR UAF
£ ¥ Y% a¥dM 2R kAxEol M AW 13002 FIAME AY x4 FUAA
cAxgol dolyit 20 Rod 5L A&l AA7] vtz HA 16002 o]AA HAX

4 718385 At
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4. 4 &

Midloop #4% ZLAA 715 ALAAl A¥H 7147 Manway R F71847) A+3F
(Inlet plenum) Manway?}l @218l 2 $+8 dHE B34 di¥ 4Y BETHSY 69bo W& 3
A 44 AU2=Q CATHAREZE AH83to 29 2Ny d4¥e 453% ¢4 Y=Y
ow o] 7|tEA LABLL YA LY 13%2 30kWE FAss Aoz 7HsAY.

AETU™Y ZdAN € 9 27| & AF 300 AAE F71€AA7) Manwayd 8 5717t
w2 7tE FE wuy o Aol Ay sosiq AFGYE da @A d3sa ey, 4
9 A7 AAYoR: QYA A ;L AL A AL R T4 Manway
& F8 vl AUt ess i Fol WA Hed, 4YE 848%, AN 830&% ALt
of dYET 182 WA xAxZol ¥AHR A ol Hud e Bl kiydA o
T8 224 x4 InventoryZ oA AH|to] Ayol wsf JdiH o A7) wifo] WAHIY
A Rod 2571 20TE 2338 FYse FHFALS Adte] AYu 132 we] FYs=o] 1120
Zofl, 22]5 49L 11332 FASUAE & dYolMs cded g 2] J# Fuoe Y
FR1& Aoy FYFQ] wo e w4 Rod 2% 448 48 £ 2o WAl Rod 57} 35
0T HF 28t sIUA ooz Zalsqlel ot Wzb4rE A &o g $&l eAd FHFHY o
gy FAFUA o xAHxEES Aol HY BN u&¥ A7IA o 16000 Loop seal
clearinge] wA& A HAM R Eo] Downcomer} HHETEE AX ‘Alo) Lojo A suAy
AtgbA A doh AEHoR TEHY ALY B k4oM n2BoF 27| {FYHE W5
Zol Ad¥ol vl st L& Mafo] Yol wal 2oy Hedd Aojgh £ + AW 5 =
=AM A4 = Interfacial drag forced A @ol ¥ ohd A &3 vy BvEEY. =
g oolope AlTA FHEY VORE AXES B & U3 FAFRl] HaEge BAsA
th ooz 2EAHoz APy HAPYE w A} AolE YerI oy HubHA WHolp
% o CATHARE2 == 4A¥ gtold ZA "yojua) ¢i glon Aoy 27 dY4sx
2E Aol Ao gdsA d&dn A

o] A¥el 2o #HAS HP Workstationl A Fea R ooy, A4AAIZFS AYAIZE 45328 2
olgtEd 27700% A RS0, AA AYAIZe & oF 62v] A=Y A4LAIZEo] ALEH AT,
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1. THAY FA A8
PKL BETHSY LOBI LOFT LSTF
LOCATION Erlangen(FRG) CENG(F) JRC(D INEL(US) JAERI(])
NUMBER OF LOOP 1+1+(2) 1+1+1 1+ 1+ (2 (2) + (2
SCALE VOLUME 1:134 1:100 1:712 1:60 1:48
ELEVATION 1:1 1:1 1:1 1:2 1:1
POWER (MW) 1.25 3 33 50. 10.
RODs 340 428 64 1300(FUEL) 1168
PRESSURE (MPa) 4 17.2 155 155 16.
DOWNCOMER EXTERNAL EXTERNAL INTERNAL INTERNAL INTERNAL
HOT LEG Double 113 118 Triple 73. Double 350 207
DIAMETER(mm) Single 81 Single 46. Single 130




# 2. BETHSY 433X 49 48 4% (1/2)

| AR IZATI
STEADY STATE tests :

. Single phase NC

- Balanced loops (low, high P) 31
- Unbalanced loops (isolation of 1,2 SGs) 3.4a
. Two phase NC
- Balanced loops
high p 2% NP 4]la
5% NP 41aTC
low P 4.1b
- Unbalanced loops : 5.1b
- Non condensible gas T.2c
. Degradation of SG mass inventory
- Single phase at PCS (NC, FC) 5.1a
- Two phase NC 4.1aTC
. Two-phase flow forced convection 8.1a
. Feed and bleed at PCS 5.2a

SMALL- INTERMEDIATE BREAKS

Cold leg :
2" : - w HPIS 1 FILE 4.2a
~ wo HPIS, delayed uitimate procedure 9.1b
3" . - safety injection in intact loops 6.1a
- safety injection in every loop 6.1b
- pumps on 8.1b
- delayed pump trip 8.1c
6" : - UHSN 3%, conservatrice power curve 6.2TC
-~ UHSN 2%, realistic power curve 6.2
10” 6.3
Hot leg : 6" 6.4
Steam break pressurizer 6.5
PV lower plenum 4.2b
RHRS break 6.8




¥ 2. BETHSY 433 A9 43 3 A% (2/2)

TEAM ERATOR TUB PT

. Single w HPIS and AFWS

. Single wo HPIS and AFW

. Multiple (6 tubes) w HPIS AFWS
. Multiple + steam line rupture

T SS OF FEEDWATER

. 2 HPIS files, 3 relief valves
. 1 HPIS file, 1 relief valve
. Delayed recovery of AFWS

B K T AFW I
- LOSS OF RHRS

. PCS open :
— pressurizer
~ pressurizer + SG inlet plenum
- pressurizer + SG outlet plenum
. PCS half-open

LARGE BREAKS (reflooding phase)
- wo non condensible gas

- with “

. to be defined

3.4b
93
4.3b
9.2

5.2
5.2b
5.2e

5.2d

6.9a
6.9b
6.9c
6.9d

67a 1....
6.7b
6.7c...e

_27_.




¥ 3. BETHSY 69b =713

Parameters BETHSY CATHARE2
Upper plenum pressure (MPa) 0.112£0.002 0.111
Core power (kw) 0.0 00

Pump speed (rpm) 00 00
Primary total mass (kg) | 1085% 15 1084

Hot leg 1/2/3 void fraction 0.6/0.6/0.6 0.7/0.7/0.7
Cold leg 1/2/3 void fraction 0.0/0.0/0.0 0.0/0.0/0.0
Temperature in core (C) 10312 103
Temperature in hot leg (C) 1015 1015
Temjperature in cold leg (C) %+2 %



W

L3

<N

£ 4. BETHSY 6.9b

3

e

ke I P

Event BETHSY CATHAREZ
Start od core power ramp 0 0
and Opening of manways

End of core power ramp 38 38
Start of core uncovery 848 830
Start of gravity-feed injection 1133 1120
Start of force-feed injection(0.25 kg/s) 1318 1220
End of core uncovery 1598 1600
Increase of force-feed injection(0.30 kg/s) 2998 3000
Increase of force-feed injection(0.30 kg/s) 3598 3600
Transient shutdown procedure 4453 4453
(injection stopped, core power shutdown

and orifices closed)

End of test 5333



_Og_

Primary feed

(RWST) Energy removal by RWST drained to
RCS open »{‘boiling or spillover elevation of lowest RCS
(manw’;ey " at RCS openings opening feed stops l
reactorhead)
E Containment Fission product
! open » release to
: Boil -off atmosphere
H - 1 core uncavery, >
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118 26. Hot leg temperature (Loop 1)
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