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Break Flow Modeling for a Steam Generator Tube Rupture (SGTR)

Incident in a Pressurized Water Reactor (FPWR)
*
Takeshi KURODA , Tadashi WATANABE and Yutaka KUKITA

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 11, 1993)

The design-basis steam generator tube rupture {SGTR) scenario for
the pressurized water reacter (PWR) postqlates an instantaneous double-
ended break of a steam generator (SG) U-tube. The flow rate through
the broken U-tube depends on the primary-to-secondary side differential
pressure in the affected 8G, the primary coolant subcooling, and the
break location along the U-tube. In this report, the RELAP5/MOD2 code's
capability in predicting the SGTR break flow rate is assessed against
experiments conducted on the Large Scale Test Facility (LSTF). The
code is then used to predict break flow rate in the PWR for typical
SGTR situations. It is shown that the code simulates well the break
flow rates in the LSTF experiments for both single-phase and two-phase
discharges, including two-phase critical flow discharge. The calculated
PWR break flow rate takes a maximum for a break occurring at the lower
end of the U-tube, on its cold leg side, because of the combined
jnfluence of tube-inlet fluid subcooling and frictional pressure drop
along the broken tube. Modeling the tube frictional pressure drop is

important to predict the break flow rate dependence on inlet fluid sub-

*# On leave from Sumitomec Heavy Industries, Inc.
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cooling; simplified break flow modeling which applies a constant
discharge coefficient less than unity, instead of modeling explicitly
the tube frictional length, fails to predict the change in break flow

rate accurately if the inlet subcooling varies for a wide range.

Keywords: PWR, Steam Generator Tube Rupture, Break Flow, Two-phase Flow,
ROSA-IV, LSTF, RELAP5/MODZ.
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1. FANE

BEREBCBEWHE EH (stean generator tube rupture: SGTR) . MEKE
# (pressurized water reactor: PWR) O BIBEEZ O —>Th %, SCTRERICHM
EHELABUTIRED IRBRAE T AAIMMER (HERE) oTFA . BR~
OHEEMERBREFMT 2 LTCHCERETH %o

SCTRICHE T 2 ZAFMTREZEBE—FORMERBEH 2B EL . W AKE I &
mEE R EFAICL - CHESAZ, AR, XHMILITHR., BHEROABZFATH
I (BAKE) HiBL. DgoRBR, BEPAE L EIKEESR (steanm generator:
SO WBTAIRFLEIRZLEOHMOEFOEFRHEALTEMALTE B D LELTY
Bo CcOLINELFHMEFNOELA R, BEHHRBOZEABSILREERD., O
o CHE~OHEBERTHULIEMT 2 AHOFELLTREHELEELSNS. L
PL. BEABRCBRENLEMoLPILR. SOLFHLIBRITBLETS L. TOK
ZERINERFELTREUTOI2¥ 5 %,

DImRFBR. IRZROES - BEORHEE{ACLIEE
SCTRie B WT ik, EEALFLWEE (emergency core cooling system:EC
CS) MIEE BT AT, IREROUFEFROB LI DLV IRARBHME
B, MMBELU TrR#BEENS 2], 20, BMEREALOTOHNR
B kMMAKTE D, L L, EHROLEMNFAHECE TR, IRFALAHY
EESSORAMMEEFX A2 SPHEHEREAN TREERIPBID .
H s 2, Bic. BFERO LI RIRREIRZOEEPREVESC
. B ORBWT_HERA AT ITRENE 2. —F. FREERO
BEEBE L RIRRANVEESBE T LT RMBMERELT RS &,
B ERENORARKBERLENL., - T, BREREBCOIRAFMO®
BIREiR. COXIUBHERERNORBOELEEZET L ILHVLETSD %o

OWWoREMNBECLIIER

SCTRES O IEW A B ik, BHK. “HAoWLAZHDLY, EEBR LR
IR OEET®R(ZI YL, chid, BEEEHEHOROL (L/d) BRKEL
(35~1000) EWwWS5, SCTREBFOHWEHBROLDTH 2, J0ofd. BWEHO
OPRB (AOHPOBEHIOTTOBEERE) KWk-»T, I3~V FLIARUTF»
LoRoBKOb S 0RBERSENTAELRLL. CHoOKRMbERELL
+ 3 +FHEENZ[3] BHNBEEBVWTRI—NVFL &Ry P L TOK
MHBEFRERZ &b, BHHEROFHEIIEVWTIEERBT RETH Do

SCTREE O W BT s BIF —FoltEFEMorcdicid, SCIRECEN. BE
GERLCCREFEREZEELAERALETHELELA oNEZN., EELO0HMER
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NWEDOESIBEBRARLE V., BEE/ORK (L/d) oKXKEXEBPs O _HERE
LT, W20 ERAMU-TIBEEN, WFh bHREBMEA L ~THEE S
Z2LEL. ERROTCHERRZAETIBESGEHRLLT VWS, —F . SGIREF @
IREAMHBINE N EIREEHOLBREEN DS, OB ERHREVWERE
goliMrsR &, “THERRISRETIARERZD RV,

A2 Tid, SCTRBOBMHERc>WT, £¢. FEH OROSA-IVET B K& FROSA-V
HEIEBVWT LSTFREERIZH VTR »AS(MREROBEIFIC L BWHMBERER
(loss-of-coolant accident: LOCA)fE#r 2 — FRELAPS5/MOD2[9] BX I oft B F #l ¥ fE
ODREFT-HERE2TRT, COERR. cRERLHNETOHEKERB LSO
THE B, Wi, cO3I— FEALWTENONELAAERBLRETEESY., EEHEZ
ZELEVEHBHEOTAIBELXARABERE DV THET %,

2. SGTREE B#H7ic & 2 RELAPS/MODZ = — F DR EE

EBFOROSA-IVENE (EHRAEERT) RURISA-VEHE (PRIFERE) TR, #
KRGS EEREE LSTF (Large Scale Test Facility) & D & 1IED SGTRER
AT oTWdo chHODEBOCEER S DI LOCA #ZH 2 — ¥ RELAPS/MOD2 [9]. TR
AC-PF1/MOD1 [10]. CATHARE-Z {11lic kv & h, z - FOMHEFMICRIL TSN
w5 [12-16]c © & Tit. RELAPS/MODZT — FORKMHEE FRIKEEZRE LD
EBrBIABMMERAEHE,, XvoLtE. THHOEN. BECOEREZRFEHF
ELTHW., BHREBOFERIT .

2. 1 BE#Ho-—F

RELAPS/MCD? [9]1iR . —HUEEFAKLESCLICAET 2~ FTHH, ZHEEBY
BB EYE (BEE) PRENETE (REE) . HRLBEGCORE
B r 3FEHEENEEFET 2 POBAEFAVEFELTVWS, BT TEE T —
FDCyele3s. 05 FH Wit

LOCARER o — FTRE O s 2 _HERKEE kD25 &L TR, 72— FOR
BEEREZAVTHET A E . BRFER L UBYREFVZAVTIHEY S
HED2BODDOT T a—~FBdH0. RELAPS/MOD2TREFDOHEE L »TWVWE, L.
ERHEORECHEC > VTR, B EHEERELAMBESRZEMUMNEERL L
Sy Y| SER B (choking criterion) R~ THIML., COBENHALINZES.
ER A ES L UNTRER 2 ETL TR ERIVEBERHOBRREALZARET %,
Ao -~ FieBWwT, BRHFEA 7> a ~ (choking option) DAL ERT & DX
SRnHEsFhLbR, BERLLAVWEEBFERXDLZRISBHERTHNLS,
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NFEOLSBEBARR V., BE/ORK (L/d) oREXEBL O HRKEE
LT, W2 DOERAMU-TIDBH A2, WIFh bHERBMEDCE~NTEES
ELCEL, EBRHOTCHERRE2ETIESGEHRLELTVWE, —7 . SGIREF D
IREBIMHEAOEDEIREFHNOLBEBEAPSL, CORSEBEHAS VEFE
poMBEEsRE. “HERRISREET I ARERID TV,

APLEBE TR, SCIREBEOW AR > VT, 9. HPF OROSA-IVEF B K& UROSA-V
HEICBEVWT LSTPEEBIZREVTHA > AS(TMREBROBEIFIK LD, REAMBRKER
(loss-of-coolant accident: LOCA)AE#F = — FRELAPS/MOD2[9] > B Wi i B F il & fiE
OPREZIT-HERE2FY., COERR. cREBELHNETOHEKEHEB LSO
ThH B M. O - FEHLWTHEKOMNESAHEABLRETERS. EEEE
ZRLEVWVEEBHEOTFRABELXARNKERLE DLV THET 5.

I

2. SGTREE ## 47 ic & 2 RELAPS/MODZ = — F DR iE

E B OROSA-IVETE (ERAEEHT) RURISA-VEHE (FTRIFERE) TR, B
kS EEHREE LSTF (Large Scale Test Facility) £ X9 &3 11EH O SCTRER
2T oTW3d, CHOOEBOTEN & OI2 LOCA BEIF 2 — F RELAPS/MODZ [9]. TR
AC-PF1/MOD1 [10]. CATHARE-Z {11lick v Birah, =z - FOMEFMBICEITSH
W 5B [12-16]o © & Tt . RELAPS/NMODZZ — FOBMHEE FTRMHREZRE YD,
ER B IHBEREEBE/ X 10 LE., THACOEN. RECEAMEZRRARN
ELTHW,. BMHEBOHERT .

2.1 D — K

RELAPS/MODZ [9]1i . —HEEFAKCESSLICAER 2 - FTH D, ZHEK B
ZEBMEBOBRMELE (BEFES) PHBNEYIH (AEE) . —HALEBCOE
Bic L3 FEHERNE2HBET 2D 0OBTEFLEFLTVWS, ABITTRE I —
F®Cycled3s. 05% F Wio

LOCARE o — FTEB OB 2 _HERRBERD 2 FHE L LTHR. 72— koo
BEERXEAVCHET 2 E . BRSBER L UBYUREFVEAVTHEY S
HED2BOOT T —FBEH D, RELAPS/MIDZTREZFOHEZ LT L.
BARABKORLEDHHC > LTR, BN EREERELAMEBHREZEMUBHCERLL
S Y| EEHR (choking criterion) R~ THIML, coBEBFHLINIEG.
ER AR UMETRER L AT L TR IERIVKBESHOBRAEALZARE YT 5.
Ao — FiebsWwT, BERFESL 7~ 35 ¥ (cheking option) DERZERT H DL
sRnHBESIThLHh, BIRLAVWEEBFERAOARIZFARESETODN S,
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1. 0 EREEBERUERAE
7.2.1 HEWHE

LSTF [81it . 40— 7PWR (B /7 3423 MW) 2B 1/48. m &l 1/1THEREL
BN EBERRBREBETHD . PRRO/PDEMLICAR P v P2 v P ZERLF—-DFE
., BETHEBTICENTES, L. FLRETIO WERERBRE DD 14% 18
LYy pBHE - -THELTEY., ERIV -T2 —2DO V- T THERLTWV S,
T, AREER.INV-TPMRELBIFCERELTED., COBOERERHNLI/21TSE
5, AZXBOBREHERICRT.

2.2.2 SGTREEAFH

LSTFic B W TSCTRA2 T 20, I RITHMERS 1 v 2HVvwb. BHEER
54 k. SCAOF LV FAERAOEREBZEATED., COFA vIRBTLAER
C i - TIRZFDPOIRE~ORBEEET Z2. FOTHMiCR., HEEREZ K
B oshv0os XA (Bl X0) BRBEhTVWE, bbb, BERED 7 —
AMFELVZBEGFy FLZlo@AERIZO AATERLTWVWS, BEHGEER. /
ZAFHBONYF 2 B CE-THAT I, A, B ECBILIRNLIER
o2 EEUKBER (KEBEMOK) TH 3.

2.2.3 W EBRORY Y T

RaichmdWE, ik, V- TPHRRBIAGRAELHRMAE ST IERE—X
OTHBEBRWEEBIAIAHDICAVAZLOT. N d=6.2 mn. K SL=1.8 nOBREHETE
THED.UTREANZ I >CHBER. EEBR. V- TPHRESVTREHE L]
ETHESEEL A CABACEUNEHNELTVWSE, » XA AD, BOTORIKIERX
Kine Kouwelds XE[1T]12 20 T00.205RV1L0EFHEN B

BW / VO EREAB L. FREoKBEERc L IERAMEER[18, IR T 2L
— SPWROSGTRE HEE L 72 £ 8 (SB-SG-06[20]1 R U'SB-SG-012N R o FFE L 720
HEHRAFIKTT. BEKBHEECIZHMER, L1/ VT Re = 3x104~2x10° {/
TAWMADBIERE = 0.17~3.8 MPa) O@HIc>WTiT- s Boh L EREBERR
2 -FETHL002TE D, ChicHIET 3RMDNEHE S ¢ . MoodyBRE[21]i2 & A
L 6x10°% n (& /d=0.001) & FEEh B, SCTRERIC-~VWTiR, / XAVADEBEMN
SGLR BBHBE LD LB / X VHORWB T NTHERTL » LHME (AL IE.S
B-SG-06EBicB LTI, 1200BLB) wowT, Mash B FERE. EH. B
@6%E§%§%ﬁbﬁo%6ntﬁmRe=anh4wnM®ﬁEtﬁmrﬁu
020CTH D BEBAKOF—sHABH. MoodyBERR BV T e /d=0. 0010 ELHIAT 3,
HE.SCREBRBOLVA 7 AV XBEELERB (BBEZRCET ) B3HOXI0°TEH S,
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JyZAHORhGBER TS AE., V XVHAOBHOZREAPBRRANR LD KRS
%o

Ap = 1/2-(K/p ) - (W/A)®

T KRAEEBRET K = Kia + Kewe + A°L/d TEHD., p REGBEE. ¥ BE
BB, A LENERTH L. FREp. ERCEREBONOREABLEZGRIL
c_Kxe st Ak O R ABRE—HIRAFRLVL. EACHEBER
DL WTRDPDE, ERCHE (BLEBETCORNY) ¢Fx/ X VOL2BREB X
i E AL EH 6.9 (Re=8x10°%) R UFT.08 (Re=3x10°%) TH 3. (EBMERBRBELO>LT
. Kin=0.5, Kow:e=1.0&EE Lo BERNEASEXMBICHE VI nET 5 &,
Re=8x10°IC BV TA=0.012TH D . L=9 nDEE., k=6.9820 5%, ) EMEEREE
@W&@%Ad%n%nawnrdﬁ(:o@wﬁmwéﬂ)&U&MHNSﬁ?
E5mo. A/K'72 O I220.3EB D A —FPHREMT IFXBRBEOERILL/I1TRE
E—RT B0
DROBFIEBOWIRT LI, RHBEHHSEMAVILTLECEVEREFICS
WTiR. BEASOHBEABEL., BERENOCE MR TOoORB oS IKBHEHA S LS
BOTH Do HoT. LROoE>cBHEMCHEL THKARS 2y — v TVRE
) R AN T RS RETAPH IS VTR RELEELN Ry - VT Bl EW
T&3&ELON 50

2. 3 EREH

%ﬁ:—FQ?ﬂﬁﬁwﬁﬁwﬁhfd\Wﬁﬁﬁ%WQﬁﬂﬁlﬁﬁ&ﬁ%%%
FEH2BLONRENE, RLPBEERASOARCOL D KBERTHLES
R FORBRETV, BB, HFBEFRSCRAVILETLLAIVEFRRHFECBLTE,
W%&@%m~wﬁﬁoaﬂmﬁﬁiu‘%nu&u*%ﬁﬁamé[ﬂocnm\
BESCEROVAEIRRBIMBIES. ECCSIR L BB KOBEADLDIRZRNHMEE DR
FRECEDTH D, 7. BMEROIRZEIRFOEEAKREVWHB LI, B M
Db WT_HERKREEL2AEEYE S 5,

e T, BHREESSCTRICEVRGESBELAERE, SCZRM OB Z #35
Gw%ﬁtkkﬁéﬁﬁﬁ%%ﬂ%ﬂﬁﬁL\3—F®ﬁﬁ%ﬁ%ﬁﬁo

2.3.1 SGTREHER

(1) £EBOEE
“ﬁ%ﬁ%%manu%#h%15¥§W&Lr\RMAW%E E B SB-SG-06[12,

MJM%mbiﬁéoK%ﬁu\wwcﬁmubwéﬁﬁgiﬁﬁﬁfoﬁﬁWM%
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BELAZLDOTHE, Miic, COEBREBIIENH S 1 vHRAIACHNEE T

(2) BWH&E

Msiw, BHiCHWAEARDEF VDO ) —F{v 7%t B I vzl2s - Ficly
ZHEL. s XANVENTEHS G, JI2EBLAKBHEATORBRME L E T CMHE (6
107° m) ZH W,

BirtR, B, X2V AD - OB 2HAEEBERALE LS L THOA, FHL
HEBF—sR. s XAVAOFBLERCBIE 20ERESD (PESSI-BU)  SGALH F L+ 4
B EE (TE-1N0641-SGB) & . SGIRMIES F — & FE 7 (PE4S0-SGB) TH B, COERT
B AABE LR TOBESA (TESIID-BU) OREBEXEEFECHENS -, £
DESGADN 7 v 72 TOREZAOAMBAEZHLLTAHVWA I EEL, JDRDIGA
OF vy a5/ IAVAODETCOBREMBER A VEE T 7L oo Bo. KT
K, ChosoEN, BEOHMEAETRT., U, KB, TR/ XV ER
EFEABRUTFTHEARCENZFNL WS T 2EAEE (Teee, iaBR FToat, o) EHLET
FTe /XNVAODBERBRRAOEDBT2MMEELIVELL. 7 2V ADCKE
RECKEMEBR TS » o

Kb, BHBEES A v HNOoKIBERTCRIEHELTBRE LG »TwWhid, 7/ I N
ADEBEERCOBEKRKPEECHEREBES A VEEY~OCREERIBEEET .
WE B> SMINBHELADSCAOT v FABELI DDLU OEL- L EFELS N
Bo T, COBMBi->VWTR., VXNVAOBE S LTHRY v v BEEH (DESIL-
BU-EU) it & 2 kBEHAMEEFES (PESS0-BL) o RDALBE (H1P 7oy )
AERALAHEEHR TIT> o 200 B CDVWTHR, EE»SRDLEERSCA
07 1L+ LBERIIF—HLTWwWE, Thbb, ChlUgofEMic>wTid., SCAD
TV L BEEEBREGELTHALACEREZY T - EEZONSE, £, B
Wi, / A ALHEMO N Fa ) HBE (FESTOB-BU) ok » TEFEIL T W 3 ¥,
Ny FaVEFERESCKBOBER LSO - TRV vy~ REFHCIIEEFHNMEE
== U AN

(3) MR
BRRBCHT IR ER L ERSEORB LM, Mo RT. MOLRT & 300,
SCAOZF v ABEEZBAREELTHEALAHE R, BEOH oK. L
DEHICLYERELRAL - TWEN, TORIBC-HLTVWE, ~F. EES» S
Kot/ AVAUBEERAOAHER. HICRT &5 KRENHE K008 Mz v
THEBBELHC-RLTVE, TH., 12008 % @ A OB E 562K fl 2 f1 &
ELHUTFTEEZLD, AFNORNRLTHERTSD., I— FRIZBHAR D FMA
LR ASHERE W, '

K10, [ilic s XAH 2 + ) F 4 ORHERT. BE / XV HORNER Fk/ —
Fo(gi2s - ) OBESTHRAMMEBE T LA LABA (R EHOD) TAHY
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ﬁﬁm%:ﬁﬁﬁﬁthe/fwmoﬁiu%xu\/fwkﬂbéwﬁﬁ&&é
icEmd 5.

M1z, Hiske T £3ic, / XAli0/ —Ficst 2ENEHI0DEE. Tl
FHIR . BERARRELTLVRWEEALSN S, MM HEBERIOBR U0
B/ ANAENDTERT. EAR XABORE-TEH#NCBETL. AR
Ersd s NEHNCRLABRRAERRCL A RAEORNOLLENHESZ
BEEs. MIEANECCFTHIENCBLWTHERRORENHE SN, COKER.
S A AEORBWTEABABEREER>T VB, CORTREZFO LD, FEFHRA
7y s vEBRLE ($RbE. BRAA Ty VERBRLEW) HEZEROLRLT
W3, FERKEA T v vERAVAHETRBEO, - FEASTHRMOETDRE DS
pLEREAT e vOBELOEBRINAEI, BRIPOFr - A TRBHRER
—HLTWVw3, ' '

COEBTH. BRE A VHONYEEKOKELS -~ T. BRAOREMELIE
hofH BERE. FERROVIARLIST, JHABENRKESBFC TS 1o
nE. _HERABOFHMI>VWTH. REcBLWIHOKBRERE L., S5l
EFMA 5. '

9.3.0 IRIEOWMEESSCTRIERER

(1) EBORE
2.3, 1 TH D EIFASCTRER TR, ZHERK B L0~ 3600 0 o1 I H

@&%ibtgm%&mwifﬁﬁﬁﬁﬁétﬁ@otmm‘ﬁﬁﬁﬁs4ym@m
REHA CERLER LR - T WD ThD . ERTRENERP CBERAVRAE
F 2L EALDN G, AHTR. RFERERNC_HBERASEENERERR s
LEALNBERMEL T, ROSA-VEFE EBRSB-SG-112 M Lif 2. AR, TH
SEOWMWPRESSCREERBLASOTS 5.

FriERRtE . BREBEESSIME VL EFACAVEREF LBV TE, K
WOkes W HERRTAE LTSNS 200, BHEROIRRLIRROER
BhkEWHBEOATHB, —FH. CCTHRVEFIERTRERBIEOHM O O W
Wﬂm&ﬂﬁﬁ&?%tb\MHHﬂ&%@%Eﬁkéhﬁ%ﬁ%ﬁb\:ﬁﬁﬁﬁ
BEBBAELREELLON S,

nE.  AZBLBEETAIERYF VA ELTH, TRIEORW I SG2RY @
BECE - CTERESRBTS. 65V, GRAEORWB L HSSQZRMOENER
X - T LB HEEHEET L. E- R bOBEALND (WFhh bz oHEHEI
BEw) 25, AEBTRIZESEEH ES(MBERERET H2 DL LTV S,

Hisic. COERR BT LIRS 1 VAR OUEERT o
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(2) BEWHEE : _

b RIFC A CWREANEF VD, —FIV 7 2R, 2.3 10BA LK. B~/
TAE1I -~ FRBEESEL. B/ XAV AOD-BHOLBY 2EREEEBREHFLL
AV FRLAEBRF— . /XM ADBELHcEY 5%E&EST (PESS0-BU)
B (TES80C-BU) &. / X AHOETHRI B 5 EF(PESS0-BU)TH 5. E17, 18
cohooFH,. BEOBBZELERT. U, kRoAH, HITIRB /7 I AHAD
BMozE %2, Misgkkik, / XAV EHREARCTHEACENEAXNIDT S EMEE
(Toor, ia UTsar. oue) THHOETRT ISR T IR, /XA ADRERE
CAOFHC B 2 MIMEFLIVEL. V7 XAVAODOORKRERTFCKBERTS » 2o
BE.ERVMBIC/, XAVADOEBEENBEVWDOR., SB-SC-06ER EEH. ERMAKLICET
LB A CHKCBEREL TWAEAKMRBELIDBARNLDTEHE 5.
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