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Thermohydraulic Behavior in a Primary Cooling System during
a Loss-of-Coolant Accident of a Light-Water Reactor

(Results of the Mock-up Test with ROSA-1)

Hiroji SHIMAMUNE, Masayoshi SHIBA, Hiromichi ADACHI,
Norio SUZUKI, Kaoru OKUBO, Tatsuo CHIBA, Hideo ITO,
Makoto SOBAJIMA, Nobuo YAMAMOTO and Saburo TODA#*

Division of Reactor Safety, Tckai, JAERI
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With ROSA-I (Rig of Safety Assessment - I), 61 runs of the
LWR blowdown experiment have been carried out under the condi-
tions: model reactor type, BWR and PWR; reactor core, none,
no-heating and heating; rupture position, upper and lower
pressure vessel nozzle; initial discharge pressure, 40, 70 and
100 kg/csz; and rupture diameter, 25, 50, 70, 100 and 125 mm.
The purpose was to obtain the data of thermal and hydrodynamic
behavior in the reactor pressure vessel during a blowdown,
including in-vessel pressure, coolant temperature, discharge
flow rate, model fuel rod surface temperature and shock wave.
Analysis was also made with the codes RELAP-2 and -3 developed
by NRTS of the United States, to verify the calculation model
used. In addition, the results of calculation with the shock-
wave analysis code DEPCO developed in JAERI were compared with
those by experiment. The experimental facility ROSA-I and the
results obtained with it and also the analyses made in this

connection, are described in detail.

* Tohoku University
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i, BEROHED BiCl > THHNSOP SERBLONLERERT L LEH ML,

ROSA — [ AT, FIROZ>OWREEAZITTACH i), FRTABRROBHEFENERD
RIICRE L, £0RDICEBLMEROERI DR TEZ G ABE L, HoOFFEL S ULMESE
ZEETHIEINL > T. ROSA— 1 BHEIET oI EROEBR L D L ERRE" & L

ROSA —1 SRERIZFEM 454 1 2 Bk U, M4 8EI KT L, CZOMIC6 1 ok bl
200, ELEHRBEBERROLEBDTH S,

BifgEA © BWR, PWR

mEEFG L L. JERE. RE

HohArE 1 EAESLEEs X, P/ X
FUBES ¢ 40, 70, 100kg/cmG
BEWTO#R © 25, 50, 70, 100, 125mm¢g

UELOEBESEODE LT, 7m—ﬂﬁ/¢@Eﬂ@%ﬁ®ﬁﬁ%ﬁ% THOBHEAERRES &
HHEE, RbimE SERERNRE, FBEESCET L7 2288 L, %72, KENRTSLD
BA XT3 — ¥ RELAP — 2, RELAP— 3 iC X BBET 247780, %crﬁménfwa%rw
DRFEFI o 120 & OICEHEEEIT 0 — 1 DEPCO 2% L, FBHEOBALTN » o

ROSA — 1 Rk 0BOFEBREBICBH~NEILL O AR T, EFoEES BKBEWTERELT
VWED, FLELUTHENEBEAHRLLELOT—MBREE G L CFEEALABHEE (ECCS) &BAT
DT Ll T, ZC TN EREISKPRIMBELEEHOZIAO—TSOERICELTE
KUZICT &4, L LZONER, BRI >S5 EHHRDBERHBICAKERNEBLT/R>EDTHY,
AW LE O TEENNE SIS L, RFFTEHEAE, ROSA—1 STEOE TICE & 23T,
ECCS &R WIS HEVCEBREOFRHR T THT 2 mIC ROSA- [ FTHZEARTH 5,
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Fig. 1.1 Loss-of-Coolant Accident Sequence in LWR
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| 2. % B % B

ROSA— | BR%ER, AHEBMEEO S LAKRBRERG LBEBENESE T T 5RBEERE,
| FIAR I B R4 0 L - B A O BN B R A £ L T AMEEL, BLURRT —20REEE
; BAETET - A ERBEEETERIN TV B,
FEABBEBGEREN100kg/cntG, BEHEARK310°C THES60mme, NEME
7,08 0mm ORHAHAE BT CNICEERNREL SORHEE S LUBHKO TRINBENERLT
| VDo BN 3 X 3 EABRTEIID 3 KON EETHESNALD | HAKRE 2400KVA TEHM
BTEZ, SEBRERSM 0, FEAY IMHBERC & TAX TADEFBTEFTH S, MM
FBREERZ 7 YL 2ABEZEEAEARTEORND | ZORBICAE N E2F B H®O 5 7 ATl
BRI LTce RBF - 212 [RANANORE, Eh, ZESEHALCOCAEEHMLT « ¥4
NF =R a2 —FBIU Tl a—FEELi, T14FELT 2L a—-FEHLLA
B — % TR AL Ui, o |

CCTih, 45 ROSA— 1 RBEEABNT 28 MOFHNIC O T2 OMEEE Fik & ik~ 3,

21 HBRERXK
ROSA— I B E THRBREEAK LT EN 243 13Fig, 2.1 iCRT & 5 ICKH AFERE LT, L
| T APNEED. 1A TkOMILEERET 2BKR SR EINBEKEREBE THE -
RET 5 T80, | AHKOEEEN & REAHNKEERBEEE, SHRCOBRETEA 5
HIERR [T, MEAKFEORE SR EEET 20nomESR. < oRESITIEERE OEERICLELHIE
FHELUBEERE NRT LEAMRBRERE L BRSNS,
2.1.1 HELELS
Fig, 22 WRTIEHNBEHRRESEREH 100kg /et 6, BEEHREEI10°C FTOo/ESE K
ARATEARHMNERET, L FHRIZEREALLTEOATKLTY, AEEE 7.080mm, A
560mmep, WE 44~65mm T 14 ton DHEEXET 5, EHESATICE I TALAEZNLTS
EKOMEBBEEZBAT L, RHEEER AVEIENSEL s T2 E2NENL680mm OIEKS
b, REEELBHTICLCE - TR LU FTERMOBEIORMEBRNETE 5, Cofflic FRE
BREHERTIBEKRHNAL Y, Xov, BEEHFEE, X, KL vRiER/ v, BERTZHBAS XN
SRR — 2 PO LARENTS G, A, FARAEESSH L, TBHEREOCEAMBOLNOE
‘ WA Ad L UBEHEEEHII ARG EE, Xvdgsd (Table 2.1) , - FEHEEERIIT
| MG 4865 mm QRIEIEFET 5 v VNEDENERE ETAEITE 2, chifE L TREER
FPRBEREORMT, MORTLETL I, ENHESIEROERS K OMEIESUS304 7 7
Y PIISFE0ONEICSUS3 04 A WHEMMIM T LA boT, 2000 RBRIIRLA 2L 53 5
BEXNL T B,
2.1.2 FREEY
FENRBRICBREELABET 2 LRI KK F LT 20— oBEmTsn s, B
ZEABERORENNECHEHET 2375 (Fig23), SEROBEEZOVPEFMOREIE &Rk
CEHKKBERLR T 227 » F7L— b (Fig.24) LMEEEOWFOOEE T 2MEERRZ0H
B, ORI TNV LEANBREREMOKRZ LT -7 — b (Fig, 25)R, a7k

_-_,;,
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ICERET 520 — P BLUKMEBE L OEARICE > THHNBEEAE 3B ICEL 22 & T 2 HLIC
K2 CENTNHAKOFLACEGRY, HORNEN S L OFRSEWE L EE/T 5L nTx 3, ¢
NSNS DZE NEENED B ¥ D 757 » FICEET B,

2.1.3 #kE

fRRRBAMKEERE (IECH), #iks v s (PWT). #ikEEEE POL) L08Rk HE V7
P2) KUMs. MKBSEBRA LN /BT, < FRITCAR—OROHTRBE A4 4 5
@%%%Eébfﬁ@?é%ﬁf,ﬁﬂmwﬁbﬂﬁlXIWﬂmm?ME%ﬁMMBHW%ﬁiéo
CHLICLTHUBESNIHAKIIMKR S > 7 1P B, $KE v 2 BRBEK T4 54 = 2% L 1B

BINEESETOAM ONERAAELER - HETTHVA, /b LEFEDOMKSE DE FARL

ﬁ%@ﬁ%@ﬁ%ﬂyf(PS)t%mﬁE%EK;Dﬁ%m?%o%@ﬁ%@ﬁ*ﬁﬁ%%&a&ﬁ
UTH bo MKIZIBKR Y 7 THHRCHBAT 2, #BKE Y PREBABRSE Y 7 THHB 80 AX 8 0A
HRE20m, HE&E 08 MY/ mn T75KW SHASTHE TR T 2,

21.4 FmaEmg )
GBRIFROGHKIZITHRE HE) TH O LARELEE THE  HET 2, FHZIZAE180
mme, #&£2700mm, BE20mm ORBFONMIZRAT v L ABHSE — 2 12 KEMEALY &
DTZMREEFCLIOBREI00KW TTFHTEE, FAROL, Td 2/ XLREARBROEE
KADS Zn b v—FRICEETEREL, AR - BEIAREETILS, BERHICSYF - § 25
BT EMALERABALGE T2, 3 th T OB I ERBIEORYH (RCV23—100A) 2
HO, MHBRHEINCE LS EICL D, FTABLENBEELSURT, COBIRRESATOBE
EEETH, REHRE, EHOSBECOTHALZLISIZRT54 MEBAEHBLTE B,

215 HHEH

B, ENEFRORE 7 Zicx ) 7 + 2 (ORF), B (RD ), BIELE, MEmsT (EXP ),
REEHER (QCN), ~¥ ¥, BEEOIFICE Lb0T TOBTIIFig. 26 ICRT, KER )
BRI EIC R D, 2% PEELI TR, XVICHEZ 2, 4 ) 7 4 REBERA—EIC L Tak
TBEECFY, A1) 74 RAJISHBICESCHAL Y 7« RBEICHKAY 7 « 2THAAY 7 4
23256 005mMmM~125¢+005mmEFTSHEODNNRTHOARA Y 7+ 212500 +005
TH%e Fig THAHBLEIICF ) 7 4 ABHBEOEHEHE T 200055 2, BEM 12 %
EHOBS& BHBETRT v v AROENRE IICEE L 0T, 3INOMBRTEERESRE &5
T BEBIED (40, 70, 100Kkg/cn? » G) KLk - T, WEROEASEIRT D, KON
OB 2 2OEMITHERICHENE S, BE~S v 2L, BLN5 v 2REEE, EAEROEH
BER LT E, ENFRDNST v ZHITEES 2AEHAL, @Eﬁﬁﬁﬁﬁﬁﬂiiﬂiiﬁﬁuta)%ﬁﬂi
HUROEIIT B, CHEFIg,28 Ik THIBATEE, EAEREBTNT v 2T, SFE 5 v 2
%&EEN%VX%%K%?%%E%%%@&(HHLZ)L.%ELt%E&Kﬁﬁib%t.Eﬂ
FEHHF ROV I —2~1—5) DML, 7 2Z0EHA20ORA, HS488L, ELta,
MBRIICGES B &, RUERER ROV 1—1-1 F1ERCV I —1-2) SHOTEENRE Y IH 0
BEOERARAELBEANFERO—BOBHKEEENS » 2ABICAN, EFNOBREMR A2 &,
%52&@%%W%Eﬂﬂiyxﬂ<fﬂ.ﬁ&h&@%%ﬁn.Eﬂﬁ%ﬁ@%mmﬁ&miéoﬁ
U o HIR B s i U TR IR 2 720 OB IR & iR A TR T 2 02 RINT 2
ST ) REBRE R ICE L, HHMEI~Ne —XETHBO L AASFaT, 25kg/ent G o

A;S_
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FEHICRA e FTHER7 7 ¥ PHR 3624 mme HHNEER 1,49 2mm THAEHR A RELICEEL,
st THACBE T A2 4T, SHNKBEORBOENICTE 2, HBZNET HHBKELE
BHKABRET A AREHERHNEEREAR ST EMEE 0L DT, Fig 29 OLICELERL
LoEEOKERE. BHAE Yy CWT) oD BEROBHKGERENTHEHERES L TT2 &
Gz, BEkE v IRFMOEESTARE L6, BEEAEN10kg/enf« G THEKMNO
JER (3506 — 24 ) WENFE, X, KWUHE, XN, 7/ F-VEBNTNE, B OK
AHPENERHEL, FEIRAEEFATRE10kg/om G FTMETE 2, FHBHDA 4

TEAROHEALZ L & CHEHOKREBM ST 5, B L CHEKE~Y FEICRTCEEN
FEETHENE L, BAOER S - ICKET 3,

2.1.6 saHIfERE DI

S S @M 2 MR D FH DA BN 2AHKFEEEEH B &L » TH—VY T FBREE L
A S BB A TRATE L5 ICL, KRB EHTHRTE 2L 30T £ &AC, B
Eﬁﬁﬂﬁ@%iﬁﬁ%iﬁéc&%B%K@Wéﬁﬁl0Eb6%ﬁ47¢Iﬂnwwfﬁﬂbt@%
ThHbo )

C #3Fig 21 0 W RT L Hic, HmEMHEY 7, BikR, NrF- VAR choRE R T 5
SO S. EHRBO TN, XICiER LIERETORRE G ULAER, Hgdt 28
DREITERE Y TICA B, £ 7ol SN HIkiZE ER£8 0 KM EDBE T DRk
ALT/ Z (AB) ol FEICE Lo ik, OO IR 4 A 2 m/sec OFLET EF UL L
DOENRRE AT SLLEDUERABRTLERSICL Y, BORKBERRLECAOTFRLGLED
B FERIT T B, B, GUANAEEANCABEIRICE 2T, I EBIICRA T B HERILT 5709
k%mUiﬂ%%mwﬁc@ﬁ%ﬁﬁyfmﬂWﬁﬁ%ﬂ.wﬁEﬁSM@wﬁ-G,%EzmnM%
A HE 260 MY/ h TEESRIZ14Cr ZEHNLTV A, BB & L TCEEHRESEO BT A
HEIOKW THBHEAT H w44 ) 24 — LA+~ FVAOERFBRE TEEEGAL, TEOHR
B, T oDbBEdfrETS 4,

217 mEH ER)

PTE K B BB A 5T 5 1o R4 6 4RI S Lo, ISR Fg, 21 1 IR X S UHMES T
FHOIM Db0E 2 ESMicERLLERT, EASGORLER, XV (1B) 2R LTHES
LHEEEL, EHEMOnELT 2 BAR (RCV—8), #4iHi# (RCV —6) ZMESICEHRLE,
F 7 ME SR O FAM 25T 2 nic B RERIGT 2T, FLehs 3 THAETES K&l
B F—8 & LTHENEREDMENTE S, HEMESZRGERTE N 110kg/cmfs GTREN
RAEOTIET %,

2.1.8 oMo

UV wEss 7 P1) |

%%Efyfuﬁ%%ﬁiﬁwmm%Xbé,ﬁ%ﬁ&fﬁﬂﬁ%ﬁ@*ﬁﬁﬁ?Ltw,Mméﬁ
A st ENT 2607, KN EHHLTHM AL TETH L, WERY I IMALTZ7 Y
y—ArrT, B L100m, HEER0~908/mn, THA ) 22 THRESIEELTED, HHEE
RSUS 2 7 AMFI LTV D,

2) HEHZEHT

WEHAMETIL, WHDOBEH ARy EBHT Lnl Ry ~ELKR Fa722 vy (NT), M

—BH —
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E#, #lEA=ETcoisRat, EH#EGRE (RCV1I—2~1—5), AugEKtsH RCVI—1—1) L+0&8
BEBIUEEGRETER TS, BERI2H/HKED, 1 23FNERELINMEROMER & BN
D5y 2BOEIFBRELUERENZZ VY ICREBELLEGEREOER TV 2258 EREZHBOT, BF

85 Y RBICE X EEHIRBEREROICAY, fho—REERICEVBRELBHKS ¥ 2 o MTICH

L 5,

(3) ZERMHE SR

BERERREL, 3y ¥ — (T5KW) , Z&KF s (AT) . BESE SREToEREH LA
Bl Lok, SEREES RCV) OEFHELGHKE v/ oMECERT 5, EX % ¥ 7 3AR

13 TESHEHEAL0kg/cnt. G OBBMNARTH L, TRE v 7 OESETFREICER 8

fEFOIEEEMBICTERSNLEOT, FIEETOENEERT AL LICREBLUTTERERRXT 2,
219 LREMR REEE
RBEBIITEH100kg/cm’-GEEII0CoFREAF OV EEOTER PRI TRE LN S
A, PRIEREL, 228 720l ETH>HWER500mmEIDar 7~ ETRH
BL, ¥BHALZLA LTS ERBIETEALOIRKAL T E, ZORbERPE IUHLKICY
s PAEOEANLEXE e, BEOBRTFRIEATLEAXSINL > THBETHERT S, FHBEE
BLADTIAEZE T S &I, BAKETHEREZAOR T 2, HEEBRBERLTTUL, &
BT AE2COLTED, 2EEREOLFAK 1 0mm EX30T7 4 ) AolREFBRUS>FTHE, Th
BA S HDRNTHERE ¥ 7 oEHKDSHM Lic & E0S@EILEE TRUEED Likflicfiiud
CoAEWHILET %, SONAERHEOFTRFICITI6BOEARLEEZSRT, COEBOAPICHERE
tokg/ent « G OREZIM 1 AL &HAS, & LEHRHEZLTHL, 2AFEREN OE B8R ICE
pio Th, COEEWHBENECELIDENE FFHOBBCEEOSIENNLIKCLTHS, &
HERCIUOB LSRN S S, CNEBBEHFICRFMASPORATEEKOSBHELD,
BRSNS FRU O s Uiigic, EAREXRBUHEE, Bl BEAOLIAOBEBEDR
CHOT. RBERRLENY FEERUMBTERL, 60ton L EDHBE LUMBHUNT~NYF
Hino FRAOBESES DS NS, MoBSHh~y NVEZER 77—/ EiCdH 50l L b mEg
L, BERETABLUEEENLTERHICR Y —voay 2 ) — VETEZ OB, HBEHFAO
FRlhn i, BT VEKXIDRAZ00n BEZTRINTX 2, ZoMEBDI Y4 —0 5
7, BRBULLEEL L THRIONTLE,
2110 #ER
HERESEORELABRET 2BEEL, TR EETHIESICELZ 2HNTE COMELER 8
Ly PECEUEBELSBET I REREENEZ, SORB LAER g 2 B =R EE
#, Ry7RGAFHRESS S, TN EHIEL2EF, ERSIERIS N5, BELGR &
Hags, BEHE P4, A, REERBRIBER ENEREIAERIBCREBEL TH 5. HER®
HIEHAB CEHRET 260, EEERR BR DEALOHNLEBTFIHRETILOLEATS
e, KGO OEBUERL » FTOTHORELTEZ, LBBOBELE>BRAOHEZ LD
KitA Y4 —oy 7BEERS, 2RREETHOLOREES v 7 ~ARETALED, HRCLE
BEREE LT, FEEEICACS3¢, 200V, 50Hz, #MmEEAICAC T ¢, 200V, 50Hz,ITY
A4k RKAICAC1¢, 200V, 50Hz, BHAEWBEEICAC 16, 200V, 50 Hz 335 Bk
FICAC 1¢, 100V, 50Hz %52, coOERIZLOBIET 24ADRINEG £HBE HRH &£

-7 =
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FEHECOOTOHEAMIF 22 ICRL, BEE, Kb RE, ZF HEBSHHSRTH 2, EHER
o khEE, KizgibtE LACIR— 1) kb, BEREAVT (ARZEDH) BK FLvfip (RCV
7, EREDS) Hikd 6 LRIV —ERUERRT 5, KUBIBITERS » 7 TFH HEFOL
FhebTEd, FhREARSGORREO0P LTI - E i 8s (PACIR — 1) Tl Ui
T, EEHEAH RCV. EREEDS) TLIIBMEOM AL FERETLI LTI ORBT L, K
SAEROT 0 Y7 LERETIEEIT FInroREBICHOEL20TIRES, BEHOHAEKICH
T, EHBBOEAERICIOET2HER 7V RAELOERR, EABHRLEE~T VRE
BiEF (PDACIR — 1), 87 » 22 LERE/ 7 » 2ZBHELE (PDACIR-—-2) TR L, EARED
# (RCV 1—2~1—5) ZHEREL, —EEERETI, BREKOBOHIE2EIHD, 1283 &
HkEARF RCVS5—1, 2) tEBHTAEDTEA—2HATE2CLET, BAZAI VITRIEET
X7, fhiz4 v ey 2 ERERRCEERAEEAICH LA TH b, ZOMITEBEAKEHBRE (RCV

10) ssikil@EBEHNOFTEE (CACIR —3) , BAKBEHOFEE (CACIR—2) , #ikE2 VY /=
#E (CACIR—1) 2 ThrOBHEENET 44, #ikg v 7 ok{z (LACI 4) »sgxizfEll Eic
nBEHBPLE B, -

2111 EIH¥REE

MEHE & FTRARICE NER T A0 ERAOEFRREAEN44ECZE L, ZOEH{EAMKIETA
— R 2 (2228B) EFRECHET I IHREE AR L, A — TRBE 1 &A% n#d
ZEGEAESE L SN E, KEEHHBRIEEZES, FHETHAEE THE, UBEIOKD
BHHEEHHBEZRSEZTER, 208, vV vyBRdk BRSEENSTER LD RicCEENE
MR B D,

hREBFH SOREBRIM Ty —7 0T, BEZEREHERMCAD, @LEN TERBRICHE
T4, 2EOEREETABE~F7 158D, BRAOLEOEESE~NEIHM TP » b4 F%2E O,
ENEFNX 7T HEA Yy~ T NTHERT 2, KAREEFERL 07 RANX—TFIAE » P ROUHREII
HEEL, CCTEHEEROA-TEREEE TARICAE T2, BFRE v o Y EBRETERL,
EHEENBELBEOA-TEBEEC 7 A —TERT S, (NooRBORBISIRESR FEBE
EREREA, THEOEER BHHALZOEER, v 3 rEBER HASHEENBIERAEZRE.
SHBOWEEIT KI5 4 2y FNOH#EEICT T o, EABRBRRARIEIRES. EERE LEEER
WEEL 7.

(1) ZFEEHHER

348, 3300V, 50Hz #2FL, AC10~150V THEE (HA1800KVA) L FRE (BK
400KVA) ~ZEET 2,

FUTTEBLIENAE T MBI BE%s0hH, 1RELE300V, HEEEL 2490V, 2
WEFHIBTA BARELSTOKVA, BOF®R 805 KVA, TRk SHFMAES, #EFK
F@H—H08 (37 v —+E—%, 200V, 50Hz) MAKTH 2,

EFESRRY -~ ABSOBENMABATROETRET, & KBER AE1L.870KVA, FHiE$ 5 0Hz,
FoR 3k, EMRET IRSTEEY, 2156V, EHMEM2KE6940A, K I84H EEEHEL
%, VMEELTHOKE, ThHi, L& 2mMATBHELTI,

VBB TRE-IBEE~DENZUEI 20T, ERTRESEATEH L, ERIBEERTH
Mt 2, EMFIETEAMMEBO L TRACERL, f0oPMEETECLEN. TRRIEED

78_.
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EHES I3RS ASELELTABRENICo » 732007, BRTESIEIFNL 2 L2150,
RHEBRERCBEZEREH SAWNITORNELT20T HEEER, EsRLEE v LTH 3
&, KRL W (ACB) BIgRTLARES 10F + vALVDI B F» YAMTOI~HET
ERE» PTEBT VA ~—AD0 L L, FHEXTHBRBELHICRR M » FEH T L,
B2 2H B HICHBRBHEDOTNDLEBETH S,

(2) EREME R

34, 3300V, 50Hz 2#ZF/BILDCI0~100V, 600KVA OEHHERETHAEBETARALE
ARD3HE, FAEHs0Hz, 1XEE3300V, BAETE L2680V, 2REFM69A, WHEFBTL3

- KVA, EE320KVA, Efdk SEFRAHMAESN BEFRAFH-—BH (387 —+x—2,

3¢, 200V, 50 Hz). i TH 5,

EEAZIBMHEMY 727 b 2EERELER T, ERAHARS, EBdk FE¥EH840 VA
(1 7T10KVA, 2IR970KVA ), BE¥50Hz, MBI &3, 2®R6M WMV 72 M) . E
BWEFE1R5970V, 2/ 161V, EBEE1T40AX2, $R982% (840KVA BE) , L
##16% (84 0KVA BE%) TH 5, )

NI VEBBEBREAEEEALI00V, 600ATHY 2RMEAIZERL TV, SEENSILES
WRERABIJF—T607T8 (REZ®) T FPIF—ERIZIOENRT2 S, ERETE850V, FHX
6000A. HEHHAI29~348msec, BIEFRNR 7 R4, RIEBEAC 220/200, EHEEDC
100VTH2,

BHRBERIESISER» AN I TORGET Y LDOT, HANOBEFIZ LR THE, -4
I 0 HObDeHY, BEIINEFET L, ENEKO Y FEKZI0F» v 50bD, £
DHIBIF+720B0I~BIETOFTL— 24 6 &TH L,

2.2 HMHEZR

B KPS 04 Sk R R S E O A LI, EABEOIRFRICAE T L, ¢ ComElER
AEN LBEKBETFAER UCRFES L UBHNORSRELEOHL, Y (RERKEETRER
1200 OEEREE) BB (KECHBEE - 2EES BE, KBE/tod 5 EEREE) O
LHEZLOG X3 EFHET 2,
FENEBA~DFELEMBBEZOETORT 2R 22 L& - THHAT 2, EASERBIIRE 7
Ty PANTTRUAERD DT ESITFRS ) » FABRBERLEA LIS ESE Y » F, Bkl
Mzick - THREZERAEET 2, MAEFEARE I RE S IMEEL LRI OBHRHEA S X
AENEA, AvEEBLTEDET,

EEFEERETE, EAEEROBAKOFENTIERIOmMC 755, IBAD/ X bEAHEEAN
A e HKIE TR L F 2 h o FLE LFLEBRES Y v A7 -2 THEO/ ANVICET S,
EH BEEIVEOMOSESTEMBE L - 72, 80 (& T8 »54AHKkEsRB SR
EroMEBROREREHEFH N5, '

2.2 1 MEEER
PRERIEKAANELTFOBBEZELERT 20T RE 212 WRT IS, #0#E3Ix7
YL RAGEEERREEE L EOMRICHEBERIE LSS L URRRIETEROABEL L dFE
HEREL, MBEARA 24 7L - P BIU 2RSS TREFLAELOWHEE» €, F0 LIHICE

—_—g —
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SRRERAO ﬁ,&—zTﬁmkmﬂﬁA%@ADﬂ%%HmﬂﬁéNwz¢%$Vf@ﬁbt@@
TH D, BMEEBCREOBEANLTAENTRAYY ¥/, RARERED L ORBEHLRT 60T
B, MEHEIR T X TRADEHRFREFTEDOERE LV FIEALNL125mmeg, 165mmT
H5. TRKEEEEZ123mm OTHEEXRLERNIMTH 5. HERSUS 304 BLUHAED
L1 B, THAKNBELOERNEGRIBENSASEL S 105kgem « G, RERRES314°CTH
BT & B 78 S A BRI Hic oA ot s,

MEIERITA, BEO 2EENSD D, S4OBEPERBIROIIKIL S,

BEEEAT T 40 RKOBEHEOG 2 ANEHREHNERNTH 1 EEZ80 1 IADBREELHAESE
BLEMTED,

BEEEB MRS LOTEOAET S O THES SURRITON .

2 EXEOBREIEL LT A BENE, KE, 4470 — b, Zx—%, ~—2, 20ELOHBKSN
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LI LA RKDOBEREEBEIMELTH L, -

O AR SO TCIENBAHERAE D ) ~CRBLETE S, U EEELNHIzDLTable
23Tk B,

BREFANEIOB R OKOEHERAOEFIZ Fig, 213 KRTEED, ik LABATRKE
%, FHE AR MMREERTH L,

PO E A BT 3 AEHE OIS Fig, 21 4 WORT K icdulgs I BB T HEY 4 Aicil
DRmEHE (124) , MEBEE (1X) sLUNERE#ENS S, totizeTVEE (4R34
40y F) &5,

A BB ERTOREMEED T, B0 AEE RECl 3B 0RITICHLT
EZ@AEH. o1, Fig, 21 2 X - THWTEE, I, I, WESBHESLE FPTEA7L—F, N -
SCERT P U A LB A O XHA T8, F0BRe4 7L —F, N ROKICHRRO T v 1 i
GmEEA L TESEE T2, BREBICELTREREE FIa7") v 2B S BEENERERL T
LRTY VR ARERESREERAR L SNNEICLTH S, WARDLRRIDIA T —+,
Nfzmmmﬁﬁ%ﬁ.ﬁ@miémﬂ$®ﬁ@%%ﬁbk&gﬂ4#'w01§uﬁmﬁﬁﬁu6&)
T » Tnd,

AR D 2~ — (2 Fig,212, B BE@EEICRT LT, T+ BFROMEICHAZS
g, LIS RTA Y —A2EHALEB LNBEYMT B, COT A FBFEETRICHRD BICEH
BABAT S, BASNIBERZO O T AL FETCIDEZ oo viEgand, €871t
SRR AOT, BFOMBRES ABBRNICZIIAOBMBEEAL TR S,
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AL T B S BRI B 2R R O O BRI BT A MEAE G S n T RALT L, &
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BLEU300KW (BEF 25x 1 Pkeal/m?h ) TH 3, ZEREIBHHBEORBLALSITIF LIy ~—X
BEMIC LD, v —AREMRA S FI LABSKERNAANERLRTOTERN/ 41 X2 3T 5100
FEEH A A FH e,

PAELET RIS EBOAT I AORAE 100 KW (iEE 82 4x1 Pkeal/ufehr ) T& 3,
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BEENEI IO THESRE LTHOZ2BERAS BB VARRESCTERREOSHE, B
BVEHIRBRSTHROLER L. ODTH 2,

nEitmebE L, TS WA TS 5.

AR B ORI IRRAIRENEROMNI EOERELERGESCEL 72 EREE~
EBOLETE, AEINORONG HRBREEAR (DEEQLHAHERAENHABTC LHH) »d
AXGICEBEASLUARIICHELRY, CCRAERTCREAIGCHIBEELRESR e~
Lic, #EE2660mmOfic 5 riikd EOMEBRREM Mo L00mmoER 0LRE T, &L
ZDHROELISMMERT T, $TELET 5. BREMISRLOBEELHHCRODB L, CCTEREETL

XOEABMMOBL S AVERTT -2 EREBICHNN G,

BEETR 1 2 AOE DB, 2ESYFNCHREYZNEZEINICHOZZEDIMEFT VIR LG D
T, FERMEETERL, THIERLBETEC, —FI B JUVMABREE LB~ R EEFHED T
e TS S, TRMREHEE, MRMREHES LCMEMEE QPO LFOEHEA/ AVEARTE
AEHATRIC D73 555 o _

23 F—yEGLE

F— 2 EBEBRIAHKBBBEEEOFIFEASIVUHREEROATKOEE, EAELUKRAL
HEREBRETEEORBEERBLF— 2L - YRR T2 —EOEE CEET — 42, HiEH
HEECOBENSRSBATERINZEEACEIOTI TIIBRENLL,

F—2EHEBEITFig 216 ERTLDICEE, EASLHMHLERESKERL, TOES42EN
TEARNEBRENE, CoOXICLTRELVAEBELESEERLT — 4L — 2B nOHEHEL T
LIESRIFEB LU F— 8 2THTIAT - LA THRIENS, 74 EREBRENTRELA
BN THIBMERCAEE LPhoto 2.1 KR 2L D ERAEME DEMBELLIR L WS S5RER,
T4 FENTF—Z L a—FEBL0T+ o/ 7213 FOIEICELPNL TS,

231 (ESHmbEHIEMmIT

Table 24 ILRBR 7 — 2 EHMEH, MEERBLIOCHMEFEO-BEE, T Fg 21 TREBRME
BBEOEBERKAORTIAIEART, Table 24 T T - |~ T— 5 OHMEERMEERBHBAETOR
BELEFH I nBBEETmICy — 241 0mme OFEME 7020« T2 VBENEHTLED
TEOWMM I L, MBFICD0TIE [ 228KER | Th~THSE, T-6, T~7, T—8 RBK4E
NEHBLE, TES Vv F oA IUHLERNOREZLEBRETEbOTy—24HE L6 mm ¢ DIERE
HA 7O s THAAVBENSFIg, 218 KAZLHINEBAE L CREBESHIERL X SKREY
TRESE TV FahRIIET 2L > T3, COLHICLTHRIE LEBRESHRIEREEHE
gs (H,P, #% Model 8875A) THMLEMERLIAKLTF+ F2o7—2La—F%EET 2,

PE—3~PE— 50z sy ERFRBEHKEAEAHEAY 7« 2L, THRANKESG 2 LB - <
Hife (DC~100Hz) EAHFEERDT 24O TRIMRTEHERES THUAR 100kg/cm?. G (3t
FIB¥PE—- 100K]) b0 x £ LTHA LA, HEABRHENERSIANEEDM -6 5 FALL
BLOBRAEAMIVEFT « FELF -2 L2 —FDAHBRE L VICH~NLEDIENDOTEENE
R T 2 RIERHAS O DRIE S (EREMNE S8 WDA— 2) M7, BERAESDM-
6] REME6 Fr /A NEEHTETRADEREBZL OB AH TS N TT 27, PT—1,PT—2
GEREEHEHRE (P2 FTHPM—TM— 1 00H) CLDEHBREE Lic, CHIFEEETHT
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2 & 2 ESERNST(T A EEICES 2 BRAOKSEHEREOEHRIBEE & EHREFOETESE
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BEOH HRBEHENE (FIZTETH —2A) TEHLFT«F2ory—gLra-FICEHG L,
PQ — 1 ~PQ —4 REABFNHEOHHAPTOENERGERLT 2100 LV EAERETRE
EREMBEEICES 100H2 TiET 2, LB LBROBEOHBUT L L (RIKESIK LS BEREINOETIC
Y BT ISt BT EHEMET Kistler # Model 649, #MGIIERF ~ — VMG
504 A%B N, CTVENEBBETRIELEEARBR T e /7 -2 ra—fEG L. UE
SHOEHERBETI ST EEARKICHNE Y KESEETHD, IREBREKPLD /4 ZEHC
fon Fig, 219 KT & 5 KB~ TEEA KD S BLICHBENTN S, Fh4 Y 7 « AT LN S
FUFHBA~RFig 220 TR X oicz vy vishatE&HT 1o,

FEHEPD—2, PD -3l ehFhEHNEBAD KA E 2RER GICEAT 2REKEREE 4100 K
Hk4 v 7 KRG b DTEORMY 1 Fig, 221, Fig,222 T RY, PD -2 BELFS LML TR
Lt EUBE L2 XAk D 1/ 2EETHEINTE D RHFNCC ORBEAICKER 2 LT & B &3
AR BAO KIS T 15 & EARSENT 5, $7PD—3 BEBKAREAS ¥ 7 L« Fiid 580
FEEEICERE L TE D ADKOBBICHES KIETICI3ZEELEZREL T3, ZEEHGZE
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ZHALARTH D,
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TRIE#FACOM2 3 0—3 5 T Tape to Tape &£# 7 4, Z QMEIR DATAC—2000 THLNIE
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—T FFTANEORFIEICEINL - Tl d, ZOLHIRLTECNLI FF » 7EBERORE T —7HE
RIDTF — 4 BT O OEHE 2 — FEHRIKEFFEE FACOM 2306 0 THEiT s, TOEIZTY
YETUREBENEIT T » 2 (CALCOMP) iC L ATREMERE L TB LIS,

24 HEBRFE

HERIIBWR i, B LUPWREHEO 2 2iZ 20 TiTL. HETBELEAHEE (PV) EBEH/ X
EFEEM , Zvw 2 FEiRBRE OISO 58 6 I BOMEHEBET - . ZOETHFIg. 21
W RBEE 70— — M > TEBO#EFIELRIAT 4,

BABKED S ORFBAIE, MASEEETHLSH, ks s PWT) KEbDAE, BKS
YW E - TENES (PV) BLUTESE (HEIWCHKT 5, RETT R, skitEsosr RCVY)
EAL, TEBICK - THE. FEETLI.

BWR#E#OE &1, ZISEEH RCASL) ZHEOTERRIO—FL KL SEEABENOE 1 0gE
ERGAETS, FLRETLILHECEABTEROKREECEL OBR LML foMc>0 Tk ML v
# RCVT) BT L, KAHIBATT 5,

PWR BEF I E 1 AS EHCInESE (PR) ZH#&E L, RIKEIEAEELZEKE L, S oKIESHD
P EF THREL FRABICL - THE, AELT2. FRAETARBCEIESNOoBEEALOEL%
Bl EDEHIERVREMET 5. EHEEARDOES, BE, KULGESHEBICELLLE SIIKER
FHEYF RCV 2, 3) 2B L PRAREZEHAEL DU T EABCEAESNSOREEZICEREY
BMAENBEREAOKE S, BE, kUL EEREHEICHEL, 2fKitsH RCVI—1) 8 c&ick
> THEREHRD, BIMBEEEFRERELT 2, FEKEEAESERM / Zvr o4 7 « 2 (ORF),
MR, [EERT (EXP) 2B T2EEMEE (QCN) tA Sy, ZoMicEERRELERR ko448
BEHEND, BRIoREMETHET 5, BESE~0BHKIGE kL v CWT) LA S~
10kg/cm? G MEEH R, THREHMGZICL0XEKT E, SOICEHEKIERAT it 3,
2.4, 1 ZoRpEMEERE

ST I EIN A SR R T THEEIEIC N &, —CRENA B IS L OBET,
ZHUIFig,28 OIONBRBEEENL VENELONICHEKIMEMAET—HEL, FAbT
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400 psi ( 28kg/em?), DEBEREEAT 5, B ELBRTIE/ 5 v 2ZD £ Table 25 1CF
SIEIET A S THTHRD S LREEESR B> oHBENF TRET 2,

Fh5TF - -FRACEECCIMM ¢ Ok T s EREBEIESSE LTKSE T 2 IR EE
kY b,

W OREAEHEAY 7+ 2T Fg, 27 WRTEOCJISEEANF ) 7+ ZATAT Y LAMTTET
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242 #EAKEHA
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1, EARBRTHREESN LA Z Y 7L TOAMICHESET LSS BEEEIC L DR
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OREBIN 2T EETH D,

243 EHEHOREEMET
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/fw,mmm%/fw,giﬁzﬂk/%w,Eﬁ.ﬁﬁME/XW%ﬂﬂﬁHf%éoEﬂﬁﬁu
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S HERER e, MEEEOARORBO LB EABREGN 7 7 v VXD 258T 5, COEERD
FHov—ra2EHLERLE, BIEfTo.

2.4 4 HBEREOES

BEE MRAECKSHREAFOESHBELRBIICHTLEOELERT 5, ENEHERE
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BFETH, R =F 0BEX TGS BERE L,

2.4.5 EREHBIEFALHETESER

EERAERIESCANIbIED, CNSOREMAERESETSKW 02 Y7Ly F—d0—H
s ey s (AT) (RER 1T ) wHEhskg/enf FTHEBENE, SERBAESFEHLLTH
At 2. EBEARERY Y « F T REES 6.5 kg/cm®, TRMIE ) 2 5kg oem® ICRTET &,
2.4.6 BHKkg 7 (CWT) K& 77— (POOL) KOFIE

BHIKE v 7 RFEABE,I SRE SN EETBRHSE ALY ORERET L2 7 THE 2500
mm, REHEX3500mm, AR 21L6m' OREAERTSS HTTa, BESEREDT11ke/
cm? « G THB, CHITREEKEPHEITHREL, BOOPACER A AL ARHELCRELNZTH
ET 5,

B B DR 8000 mm, B2500mm, EXE500mm 7 T IITKER
L500mm § TEMAKERET 5, FABERL OB ENLES, TARTHARLEE S0 LE
BEyET B,

il e e
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247 WHEFAELE

FIRETO—HOERBMITTTLLHEBREBOWMET R F£iTH. TTHk2 7tz ohT
BHIKERAKR Y FICL > TENBESNCRBREM TRE SN ABREKM T THREAT 2, €08k, K
GHAMEYIS (RCV4) ZHUENABARERN 22FEAL, BAREAEMARBRTEEH T CHE
T2, FLTHBEBOFEARONDNNC EERRT S, X 5ICERET 1 5~3 0 5MRI5KE L E 8%
ToHT EERRER ELRLH RCVE) 2HEEBRNOEELRBLTHET 2 P 4R T T3,
248 HiE RETIE

(1) BWR iBiiss |

WEF R bk, BEKNEFBL, EEFAHAFEZHE 15kg/emd 553 THET 5. RICES
EBRBLUTAS (HE) SREAZOERT 2 FEFOELLBRBTABICL - T, HE, BEE
Bt %, TRBEOEBHEHENIL400KW THEH, BHIZZBOKW C L0 TIT» 2, BHIKD
BRIEHANHIC LS L, HHBRLVI72ERATIHBANSD, BEBERE Y 7E2EHTIES
REROBRESR—LEBBBARRECSHDRELH L -0 BEFRRA LAKCBERR Y 74 EET 3,
CDE ERHAKIREBEE Y ML TTREZRLEHEROTBEERICE SN S, THbE—F
AMBERERN, MIMEELSEE T EALHENE Y v h2 —Z2R TR O/ X -~ FiLsks
EER Y 7 h &2, (Fig,2.1 88)

SR AR BSENBEAOREKNE C 2154 1ER FL %k (RCVT) 0L DG EEETR
Yo BHIKBEHNH200°C (HEICH2EENLRMBREL 2, ZOBESKHESA RCVE) 2%
R ZERME, IOCHENBEDS FF « —F 2735 v ZEIBR/EETCGE L2273 O IR, S
N5 YR, BEESS ¥ AQIETFEEES S BBHIEICRE 5, EAABNEE, Eh. Ko
BEMIICELERSE, FRABOEEZENL, FTHREENS RCV 2, 3) 2HLFPHELUR
TERBKEEAFEHERRORBERCUMARE, Fh KE2HRBREFEHECE®T 5, BWR #
AR OBRESSRAESIFHEF 188KW, HEFIOKWHBEETH -7,

(2) PWR ##iilEa

PWR M8 (1BWR B# BT INES (PR) AH LT 5. MERIEHTHE LHE DA
BICHRBEIN, IheZESKREHF RCVE), EXHARF RCVE) , B2RFNUIHERL TH L,
MEROABERKIZ02m® ThHa, siAkFEE TIZBWR MERBOFELR L Th 40 PWR BE L5
BOMAKAEBRIENERLEAE L, 2oMERTHEcHRAT 2, TORMESCERLSAEE
AL, 15kg/ecm® S0 ETHET %, TS HE) CEFHAHA, HE - AEAMBT L E G THE
BRy7OEELBRGTZ2, RRARTRERFNRAFATEACLECLIOERZY 7/ —VEEZFELDDOR
B, REAG5, RAGOKNERRIEESRICLAb0E, EERREREFLENASICL-TE
BT22880855, BEKMIOBMUIEL ML 2 8k LARERET S,

FHEBAOEALHEERBO S 7F «» —F 2255 ¥ 28BOURAFEAICELEE S5, BNS
ez v 2, {EBEST ¥ 2OBTFEHEL» - BHHBICUBRLI 2, YBICRABIK S 7F »r—FT 27
NF Y RBEHEEFEZRETAOERT RERCV | — 34 HAEECEHEL, $LAABHOBEI
HHRCV — 25 AR TAK~EEE LETEF 2B 5, AHKOER, Fh KASHEBET CELE
o, FREOBHELEN L, FHRILEWNS RCV23) £HIU, TRELTFHIRELUMT & EH
CEREMHERICURARE, B, RUEZHEBATEICLLI SHET 2, PWR S5 R OM
HEESRAENREHER 186 KWEHERA1212KWSESETH 2,
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mable 2.1 Nozzle List for the ROSA-I Pressure Vessel
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7 ANES O s X OB %, ¥
N 1 1 350 ¢ EBigdi s A
2 i 350 ¢ TR s X
3 1 3B wEEKxLD/ X
4 1 3B BERAKAD S X
3 4 11/ 2B EERAHO, X
6 1 3/4 B ELhRER, AL
7 1 1/2 B WU UHRERS A
8 1 1/2 B ERHAAS X
9 1 4 B mEAALD/ X
10 1 2B ks X
11 1 - i B BefFiER, X
12 2 /2B . AL EFHEAT S Ao
13 4 /2B EA#EER, X
14 6 i B EE LA 7 X
15 2 4B BREA S AN
16 4 /2B S R EE 2 v
17 2 1B 15 1 3 5 R
P 1 3 M14x125 e A1 ) s e

Table 2.3 Part List for the Model Fuel Assembly

R *x A : = =

I 1 REGE - ERINE
I 12 TeEL « ST I A
il 1 [HBEHERRSE
i 1 ERHIFER
\ 34 49 te AR 5

i E 1 1

g4 FL—} 1 1

Z R —H — 4 4

~N - A i i

- b R 1 1
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Table 2.4 Measurement List for ROSA-I Experiment

28 | &K (WEHF BHERE i S R B womoB
T —1 | #% % % @ & & Yo A BB FOAN T AN Diffe rential
T—2|# H % @ & ® St E - Amplifier
! Model 8875 A
T3 # ® % B &K K v—2AE L0
(Hewlett
T 4 | ¥ £ @& =&
mom = - packard 5 $1)
T —5 | M B £ B B K
T —6 | FHABRTHALFmEE | & — A8 EX | 7arf v -Trin Model 8875 A
) - |
T —7 | EABELEBSvF o NEE HIEHE (Hewlett
- Y—2AAE LG9 packard #84)
T8 |® ® B oK #& E
SO
PE—3 | EAARTR, L+ aNES | BRREAZEHE | = v I VEER G E Y e 8
PE—4 | #1 7 1« % B L ¥ A EH PE - 100KJ DM—6T
(LRI R 18
PE—5 | 40 7 « X F ¥ &8 EJ (LR EHR) ®
PT—1 | EHERLBF L+ amES | REEEHTHE | PMS - 7M—1 0 0H B 8 TH—2A
B
PT—2 | EHEBFMBBE & 5 T ) (B TRAE)
PD—2 | FAEBLETFLF2ENE | HOREFERSE | PD2KSPD-500CA | SN ERNES
DM —§]
TD—3 | CWT Vi3 fir GtrExAED (RN EE 3+ )
RUP | s7F+—F2% BHHES 2B E OO
PQ—1 | EHBALHESVF LREN xS AE®SE | Modelg 49 charge
PQ 2 | EHE B kM S EA Kistle Amplifier
_ i b =] 9 B - 3
Q = (Ristler 30 ( Kistier £33 )
PQ—3 | EABBRTFTHT L+ 2 WEH Model 50 4A
PQ—4 | AY 7 4+ 2BELFEHEESD

Table 2.5 Operating Pressure in the Pressure
Balancing Chambers
BREERLS BENT VAE HHE~F v RE
100 kg/cnf 17 kg /cm? 37 kg /cnf
70 kg/cmt 2 4 kg /cm? 10 kg /cnf
40 kg/cnd 8 kg../-cmz 1 4.5kg /ot

T VP ST ATy e
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Fig. 2.13 Fuel Assembly Arrangement
in Pressure Vessel

OOOQVO0O
0l010]¢10]0]0,
OCO00000O

OOO0OOBO
BO0BOO0OOO0

0000000
20000000

O
&

—
—
-
o
L]
=
P
-
bl
@
H
-
3
k|
-
<
°
[ ]

V type

Fig. 2.14 Fuel Rod Arrangement in Type A
Fuel Assembly



JAERI-M 6318

WI 2dAL, poy Tend <12 °*hta

- -
si2¢ - . - S
G 0E L N
- 0 T T gwzz _
=~ ‘F Iowwm - l.l_ f .. . V F
— / 1 T
e B e ———— - T - 1 .ﬁ m
:F!.... _____ WA & -
_ _J/; J4|_ £ AN ) [ i
_..| () sepnocwaiy
001} #N m_w :- \
Aiddns aemod Joj poJ Jaddny uoiped Uo.aox [uoysod g) woursod Buydopp  ajdnoouney | Aiddns samod Joy edid Jwddn) Jopoynsuf Jooid Jajom Aejeidicd eq snw -ejdnoowaay|




JAERI-M 6318

we3lsAg uot3itsTnbov e3eqg syl jo weaberqg o'z ‘b1a

VPOS £7 L4244 ¥-0d
e-0d
.41 1-0d

L E Y

0081-44d " _ e%‘ﬁ _ n__._m_ _
—5-CLLO£L
| szemiieE ot | £-0d
\H_. FFIH”UL Mﬂagﬁ\ﬁﬁﬁ NIQ&
b
—&-CH ¥ _
| : Y HL R T Z-1d
WEITI exstmcnnet | 1ad
e ik 2 ¢-3d
_ oWy | -Id
£9-Wo “H £-3d
p- SRR T T g :
T ad

l09-082 WODVS HM_«M« " 8-l
WEI LB ateme pixag | 474
R~ 9-1

vGae A U T
waur:‘,ﬁm_m ta S-1
"ﬂ i p-1

e A
—4-CN N 000Z -viva R B3 E-1
| ,_A, Atend Akng | 2~1
w_ ” Lo 3 P

E-CANEL L T v oo MK T Y-+ -1

(g BT A3 & 8)) C a3k fe)

—&-CU-f-L A B tw X RUBTF W

W R

we LR

Moo e




JAERI-M 6318

[F3

SUOT3IED0T UOTIRIUSWNIISUT DL

6°282 ﬁ_ ﬁv

[+ !

= 068 - 8'Pes — 7

- §

1

R S —
~
2| :

LY -

0sly

LTz *B1a

ozgv

T L]

{ BHEH )AL ¥

jj
&
IE e
-1 _ ‘ ,|4 .|mu
i
! =
B=1 -t -
_ I
N
B G| (3312
|
[
i
| i
oL - L
a3l
<) - 09G =
] ==
'8
) Ad ¥
(163, ~

L RmAD

nOOmN S

- 000E




JAERI-M 6318

gaiggizk__ ~ Frs FroLedaak
77 s
AN /Z&\'KEJ\'—A“/

- é;j"zfl-viakﬂﬁl_y?' 5002
Mre—-. 280 — - 65 =

10

—— - 500 |

Fig. 2.18 The Instrumentation Port for
Thermocouple

ArusFran et )

) 1 //gﬁﬂﬁmgﬁg_
L.
N — 5 e
—_
F_’l‘ﬁ‘ll:/\'-yi‘/
- 65 = PE3
[N 220 e - e

A3 fran b Aont
F AP

F T N FAN 2yt

65 =i 155
[ 220 — e w35
EnERY 75vy
AN :
N, Ry peodhtnt
LY yihigE
:L /zgax,qm
,-4"/
=] —— e i E
TR Ao
I
o 1 e 35 i B0

. FIP3 P2
_t 65 44
1 d 1of

Fig. 2.19 Three Types of the Instrumentation
Port for Pressure Transducers



JAERI-M 6318

G-3d

9013110 oyl 3e sdel 2Insssid 0Z°C *b1d

?-0Dd

-8 1EC Rl

T e ——

t-3d

- (A TR LTI

N,

- 0L2 T 02
— 60§ — ——— = ————

mﬁ.ﬂ :

606




JARRI-M 6318
; PD-3
%E!‘Lﬁsﬂ
V 1080 160 T
y‘%ﬁ.ﬁ&# /l\
=)
TN T
| | owT_
} PRI T)
L 2500mme | |
PV : *
(Enﬁal : . ﬁ
: w
1 ~ £
# E \ -
i F |
1 .
i / .
i x
i A
¥ fEmem (R
} -V**I‘j;o“i~ ot
| 900. 350 190 PD-2 .
! : .
j . Fig. 2.21 . Fig. 2.22
Differential Pressure Transducer Differential Pressure Transducer

Connection to the Vessel Connection to the Cooling Water

Tank

FiyInT-g-La-9=
DATAC — 2000

(T 7 TRERF-77 )

i ' : R

?L?w?/QL%vi
: T FACOM230-35 3B 5

{9 1Ty 7RER 7-7°)

&3¢ .. .
r-'m:ow}r ?.'Ioﬁso "—1 7y BT b

(B #6070y 17N (RRHTIEREER)

Fig. 2.23 Processing of the Experimental Data




JAERI-M 6318

Phote. 2.1 Data zZcquisition System
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FiTh, T-THEESLCTNLBEA EEOREGMEMS/NENESEL, THESENCHELT
HHEINALT— 4153, TABMBREAEKRTULRAN SR, ELABHITICHET 613, F
KBEECEVCENBREE, SOBBMAEZI TEULATLIEANED, BEREICLIIHHONESL
ZHICTHEENOBESILI HRoNd, BNBEAEDC S biEOREBSHN L7 —F8H 545
FEREESOEBLPELLEZTTIL6D%2KBRE, ENERLTE THTREZLOLUHESL T
— A3 TEREFIBoNTEY, T-6&230BT—TOBEODENVHINDLODFICET(ERLN
T3 (Fig 3.2) , F/APWREROCHKBR T, BEBTHICT— 6T — 72 FE > TAHAKES
TRHRLENDHB, CNEENEHRLETL, AVOIMESEEE SN S, MEEROEE CEH KD
BALT, PROBTFEBHTILDEELZ LN, COKIROKTENFELIBOET A & 8 S
HFTVWEHDEEDNE, NEBROBERHER—ATH Ly, ABOYVPEESHBERICS SI
VWOT, PWRESOHBTOMABEERO 7~ B0 ATEESPLHEN TS, ZORBRMH
FIRFEUVTREMBECHEORATELH 2 LRREITENCNIEDTHS. COBELENTHR
MEBROYTIBEESENSERLOE TLERBEREV D LEEL OND, TOBBEAEHECER
TERESHIME S, RENBIFROGVREETHE, BWIKRTLAEROLICREBEILOTEH
%o

REEABBLTOZEKSOTH~EE, CNRPLOBVESICIRBEASNDOROOTE
OFFKEAEDLT LN, CHREHACBKOFAEERET ARETINE KOO IILHE
Hansss, BiEOBEBRDICISEARES 2 KEGRLSEDTEKOEEDTRTILOO
BESETTHHL, FLEBALBRSE V7 TRELHESELEAE, ST THAOTOREBEIL
OFLRBOEFELTNHEDT. KEDAERD S5, BETSFPLICE T 27 MO REEN
DSl 2 DTHERDKATIEC, BEINLFHEL L THEEZN S,

BRI RBEEOEICE D, FHEOMOBAEEBEOTF — g BNENEFNEDL IR LD
EUTFICHBELTA LS, |

(1) BWR &PWR

Fig 33 /e & 5 IKROSA BB & 2 2ROEBEAILH T 2R HIROMBIZBIL - T 2, KiC
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wito kD KBWR BB OB A OFEEERL, BESKOSENSE G HIZENER TEO b T 145 0950
E(%fﬁ—w)mmﬁbhﬁﬂét.%@%&@Eﬂﬁ;é%ﬁ&ﬁb@mw@mﬁbtIMRﬁﬁ
OEQICIREBAELZR 2 LTNEDT, HETIENOEALEAS< o705, & &I
Edtad - T oF IR THRICE K2 E0BA T TOMKREBWR TiIZoP Lk TE 20 L,
ROPWR OB TROP TS > T d, LALEKESTHLERMSM . FEHE FOEEFIRE
&bTW%DKEH%Eﬁﬁ@%%ﬁ%K&ﬁLTﬁD,Hw@iﬂdﬁmk®7*0%4mﬁﬁféo
%@ﬁﬁﬁﬁ%®?%méﬁﬁié%é,mﬁﬁ@ﬁﬁmﬁémifTﬁa&%Kﬁm@ﬁﬁgﬁﬁﬁ
HNCHA, 7+ U7 BB N0 THEREEZ, ChBOBORY TH B, COMAETRY
W2 ox T B LITHEINT 50, PWRESORAINES LRSI THD, BAMICEES F, 880
VIRIGEE SRS —H TR0 /o%, BWREHEE & - o MEMEICI - T < 3,

(2} REmEd & T nkeT

BWRB# 08 & 0 RSB & TEHMETOE D8RS LT 5 LN DERSR > TV B0 834 AFig
34) . AUCEMORTEHHET 5, MEHEOESZHE 7 + ) 7 1 OB LBBEO S5,
W CTHRORD 2 SRARICEDL AR Ao}, THHEFOEHE 85, T LTEERTEE T
T30 & MBI T HBEEO Y, LEHEEOF — 2 TRESIKECREIOTL S, ZHIZRE
MICHRIED DKGIRFET B700, MRAL Y 2ALRBLOKEL, FNUFNEESETI 0 THD,

- BWROEEHMHICZBREERLRLROUMMIEL QT ED, BEOHI LBAEOS S0 ME

v EABRTOERIEEBL T 32005, ENFBACEE LT IKBORET(og >
&bf,m@éﬁfﬁﬁiﬁﬁ%®ﬁﬁm?~a%ﬁéc&ﬁfééomgasf@t%ﬁﬁ&?%w
MOEFOF—# 2R L1, TERETREASETHOBARAIK ST, 2FERIBRELICHD,
THNREOBATHEH IS S I D KESTE > TREA L ELRDADORBIZE D - - LA RLT 3,
LA LHMET TR, MnaroBRHET, —HOICERIEREICL 2 KEOH LD D nickE
DS EEBM LA EISE L E8E - it LTh, 7+ 074+ DHBOHETEHY, BEHOLITO & 22
BEBBICK - TRE LN ERELIBRETZICEBEN 20, SBOKSEBETS.

(3) ®HE S DHEE

TEHENE LEREOZN 0B AIts0 T, FHAREROTMEEALK 40, 70, 100 kg/cm?
COLBRBEEMBELRE L THLERDT LMY 5, Fig.36 OFTIR, MRTFHRINZ &g
b, “HHOREBE TRUMEAC SR YREEENKTHE, BAKBRIAREHICHF LTA
Tha20o, FMELGSBOENFHEBOE, THEEMTREABEORSG EN/FHTRECELNS,

T EORGHUEOHEREKL SO TLRILCEMNEL L, COPTIZHN 1 3B TSEOEAdI312E
CIIZ > TOT, £NLBOREEE S LR OVMBEAOSOHIE Y, £08H & L THLBA)IC
BHLTHENOTECSEREKBOLDTLRNECHELONZ, MUBLATRIEE OSSN HHE
FKE BHCEBEIYILERLEN2TVADT, BEBKICLZHSRERS D, HIF
@@@ﬁ%mméwthﬁéééﬁiénééocmc&di%@%ﬁﬂﬁéﬁ&ﬁﬁ@iﬁ%ﬁ%&
—RH O 50705 (Fig,37) o $#130kg/em? LgOBEEEOROBINERLTHE, 22 DFE

CRATEEIRMUIAICNE 2 & 2B ZBREKBOMERN - LT, Fig 37557055010 okghnt
DEELC 27— 2 TI12HIORET 22 HBT 2L, 100kecnt OEEDHHEEEKE D

LIE M =2TndDs45, (Fig 38) ,
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4) BEMTOEOEE

Ao AFE N5 o O OBE, RERERURFFOEORS NZEE D50, RFEHREER
ZEEOFNMMO b EDBAE TN LD, BELHRERHEOBRERS> &5 (Fig.3.9)
rOCERHEHOS » 1 F A DAMSEAR, ZHARELOEIKHAEDS LERIRERLLLEL
LD L e, TREEEOS 7 SEEOROKEOREBVCEAEKT 5, BEREORE
Ve XRBERBAE L EL S, KboXKEERE, BNOKESATNIRTRBUBAL L
T B, o TAITAAMIIEDIZ S {1 h, KEHHEM ORI TS 25 A0 EADMES AIAITEL
HZbtT BOBEOLNLIEBAOFHOHESEEIROKENEEELL > TVEHT LB oHEAN
N5, $-EHoRYBREDCHEASOES L BRI, BFNEONSVRIEHPRLE-T
WD OB L. FOEHIZEICHRAf L S, BTk AREREDE G L TofRRE S LU
ET~NEFMEOA S XITKFLTV S (Fig.310) .

BN O S N O o B BRI EFKRICEEICESLE (Fig.3 11, Fig.31 2) o CNHET
B Asig LU EIUKIE 3 EAtD, BENTTIEL B BRRSEC B Y T, BOLTCS -
T%Rﬁ&bfﬁﬁ?%%ﬁ?(ﬁ%tm.%ﬁ?ék%&ﬁ%ﬂ%Kﬁﬁ%bf&ﬁ(Hafméo

(5) HMT IR D RLE

B o M ORIA Y 74 X3 1006 BEBROTTRTHENA V71 A THEH, ERpoH
HEHE-SOTRENA U7 « R BT BMESRSEAS LN THS O, THERGK>LTbEsT5
%i%n5°%CTﬂ%ﬁU74x%mwf.&%D@%ﬁﬁ&%ﬁ&%«@%%ﬁbémaﬁm%%
B AR, Fig.313, 314 OX50BOsAORIE -, EOORDERR, RRHRO
BIORBA U T « AOEMHRBHES BB A& 157, BEKEOARLY ) 7« ROFBDN
(o TT, BEAY 7« AMRELE L2 &3, BHDNREEZ 5L LEMALERERDLL
1 Be DFDEWEDOSBOATEA Y 7  AEBEHELELBL S, BHA Y 7 1 ATRBWEROLES 7
GRS NS Lz L EEBOBRE b DT LA, EROFFIRETORSF TENDLWYS
For vl (ANREE) O, BFCE DB ORKERSEL Sf, ENTNBRERDRE
AT g, BEORE RS 0BRSS, CHICETARITE S v ORKOIZDOTIER
ik~ B,

6) #IHEALLOMEE

K OEEIE, FEEEIC VT OAE L, £ORARMEKESLTYRE, SRRE A
NESLEOOTRERESET L CERTRLESLN FNHEFKBICLERBERITHEI DY
RHEE L 15 20 0 Th b EROBERIEKII DM 10 B LEEE, BEREINLO#ECL -
TED, OB OTEL,, BIEABINHLE S SCERBEIMMICS S0, ML h o)
HSEHREIC S b T ity (Fig, 315, Fig,3.16 ), _ _

T A OREIC £ 2R KEO RO T —F THEbAN L3I0, BEKRITRLASHEBHO
ﬁmQﬁTRiofbiw,%m@mbmﬁmbﬁwﬁ,cm@ﬁ*ﬁ®§wﬁﬁﬁéiﬁ?%%nu
=22, cOBRSRRESRICL ZKEOH LS OOFESLBFNGSOBRTRED, Kinal
DLEWH: o5 - TROFHEOMEC &, 2B TKELGTHO, BRKBICHVR S0, KEORDIZZ
K%iéub@bﬁﬁﬁtfmﬁ%&6@0%&%%%&5%&&&@%%.*%@ﬁbﬁwéo

(7) HEPOOAR -

MBA%EQEﬁE%W®%ﬁ@&®%E@£%5%%&%10%%@.ﬁﬁ@b%ﬁ%bt%é@
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TR KBEZENK TR WS, o TEOALOEHEERERET L EBTHRENS D,
FOROHEE T A EL 5 E—HICI EAN Y, BHEKBICODOTHHLOZELE L OMICERN 20T
ﬂb%woiﬁ@ﬁﬁﬁﬂ%ﬁwowf@.ﬁbmuw%ﬁibﬁﬁﬁEuﬁ<ﬂb,Mmmm%%
0% LEEaLEBEE SO MEIEME &8 > 72 (Fig.31 7). 23 0 MG DO TR
HOEBOAMNT, FOBORBRRGEOEEIIT -, 2DEATH N, T THEAKEDT—8 %
HZ LB oMt LD LDLH<E > Thd, FlOb 5B 5RMINED—HT a9
KUHIC & & £ FE Ol & 43K IR A 8, K TOECEEHOIREEY 2 K0,
P TUBR OB BITRE L2 &, SETHR UM EO#ELS 2 T &0 b, kil ZE (L
DIH S ATy, COBBER TR, CREOMBTHS ECDOAENITD HEDB L, (Fg,
3.18) o Fh b A~HEROTFLOEIBELBEICH 3T THY, €0t Lilgdid—miEagk
BHOVD IS SR DD EBENICATERRBEN TR O EEDNR S, FL0H 5B SICRF KR DL
T TODFENC 20T, B0  nl UAKEIC L THOBESEH O RS 120 Kiid s < - T
i, KGO LD DHBREE S SSLEICE DB, ENLTHE LY & E2 503,

(8)  SRAIFEER0ES O {1 i _

BRI OFERL, EAFEOKI0%HD, LT VKELSIEA £330, BEMCRENER
B OBELOEMLRE 2L SRETEKLSL,

TEAE OB ST OO THELTA L &, Fig,3.19 WOmd &5 RERTHEDL, FRABCL,
BELomniR0Ey 22, BEEEARLLIOECHICN > T b, ZHFED OSSO AR
BEFE L0, FOARTNER-THT, BURNIED» Tho AN E—RERL - 701
WEEIDNELE STNE, THIZIFHBEBREOOKDE L - THEZTORETNEDL SHIEEN
ATIKBHAGAL L TH L, BITONED E Ry TRIENBEREIOBEOIEICH - T, LHLEER
W DB TR TOAELY, F0LHBERICEDHC LEHETE S,

B OB AR NEEROKS—BN{NEC 30D T, FhHllig~0EEE L >0
KEDEOOAT, CHRBEEEEA2EFEMNICERLHICT S Fg.3.20), BEES» D NER~D
KOHNAAL, FARBROKBHEL L SBODTONE N EOLERIN LY, BEBEBTREEAK
el L fosiads, FARBRG THEABOBTEL &, CnEMRE R L TREALETCLE
bEZ LD, FHREE, TEMMEBERL T OERLEICIDBESERICL - B E0OHE
~DREIEET, SROHBICENTHRESOMOFMUEAEIC L > THoICEIL 5,

3.3 XRMMEE
R KRBT 0 — B K R I AR © B R BRIA N T T O— i HA O BT BB T 5 F
— R 2By mokHaEE (1000, 1001, 1002, 10563, 1020, 1022) 2fTo7. i

B4 Y 7% 2050, 70, 100mmeé OB THMMEAIT T0H 2103 10 0kg/cnfs G TH =72,
VEREINHE A EBME OO ERESRI0~50kg/em® &5 5L S GEAL GEMiIITable

31) , REHFEFEREFGUATKOBERSAREMEREsaRETH 2 BUBFOBA LR
FOMFAEFELCRICT S, FIZIEF 3.211KAH L L HENOBED» o BHAKOFIHEEICHE

U 7 BFIE 2 TS TEEICE T T 5, £ LT-HRMEISET 5L 327 Th~h & i
BRSO LEEABTEN S, CORMABFCETZHBMETELTROAREELA Y 7 ¢
AOEICHE D E L ARBHETIE 50~ 100msec BETH - f, 3 SICREMEL L S>8NREC
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%ﬁ?%@KEﬂﬁ_ﬁ%K%mEibﬁ<ﬂ%wb@é&ﬁ®77¥"9=~bﬁ%ﬂﬁwﬁm%@
BARDT &~ a—thid10ke/cm Kb L 1,

&Kiﬁmmmaﬁmmwtaﬁﬁﬁmﬁﬁ&?—ﬁ%wﬁmmﬁ.?—9%@%&%@%@5;6
HBET — 2 ORI RIC S TR~ Z,

331 HBEBOEWET— 230

Eg322Ki%ﬁﬂ&ﬁﬁ@@@ﬁﬁﬁﬁ%&@%ﬁéTio@upmmamT%&mm%A%Tic
EK&%&?K%E@%&@Eﬂ&%L%KI/24/?Raéﬁbfm53m£§éﬂémuﬁﬁm
maﬁm%ééﬂbfééagtﬂ&@ﬁ%ﬁif@ﬁhﬁ&@,3?@@%#%&50O@ﬁﬁ3$
TW%L&KWE%K%vvﬁzE%Miéc&K;D@ﬁEﬁifﬁEbto%%%%uﬁﬁwfm
> TEMFH RCV —2, —3) itk g L7s,

REBMBHERT — 2 & LTEHEBES 2R FNPQ -1, PQ—3, PQ—4 520 T—6, T—70
ﬁﬁ?@ﬁbt(Hg&22)uEﬂ%ﬁ%ﬁKmmwﬁEIfEﬁgﬁﬁ.Mmd649%mwtoC@
Eﬁﬁﬁ%@%g~10MQh@E@E&ﬁéﬁLiﬁ%wm%ﬁaﬁﬁ%ﬁbrwéoﬂﬁ&ﬁ%ﬁ
B2 T— 6, T — 7 THBREOFATT » 720 L1eds o THREFKHRER TIHIEE O BT — 4
HAEE L0, BRI BERIC L BEMMHAROF — 213 LROBREHICL 37— & i
L/ ENERZETHBIL 27— 2 L OMERAD LT,

EXEAEBETHRE U2 E ARSI Kistler #5F » —FH 5 Model 5 0 4 AEBTTHosy—
fv:—fAM%mHﬂR—lmmeuﬁbtu%ﬁf—ﬂ@ﬁ&u,ﬁm&%b%%m%%ﬁ%%
ERELCTOIIIEVERA » Y025 7CF 1,

332 HEB7F—2%

Fm323~326Kﬁ@?—ﬂ@%&fvVDF§7?§$Lk%%%ﬁ?D%EHH@&Z?Kﬁ
H%PQ—LPQ—&PQ—4®EﬁE&%E$EﬁR,%m&ﬂ&m,TV%—9=—b%ﬁEﬂ
Pund, BB EENBORS B LUBBOEL KT Lt BRF—20—BEREHE ./ 1 XOF
gtﬁm%%wwicnémwau%®$®%ﬁ5ﬁ%m<C&m&bﬁ%?—ﬁ&btc
REOLLEE LAY 74 20F125mm ¢ L EDOBAOKERMBREICET 3 BB 7 — 4 1380070
motm,HgﬁﬂS&Hga26®70mm¢J00mm¢®:E®tU74xm¢5ﬁﬁ?—5b6ﬁ
I TOREMBEMRELGA ) 7 « AN0RICHEBSNLEEDS b5 3,
HQXﬁﬁﬁEﬁﬁmwfn®%%%%%ﬁK%Tb—ﬂ%ﬁEﬁPmd%&T%ﬁ&b&@tK@
535, f@@ﬁﬁﬁmmF%©o<b‘Tﬁ@&+~ﬁ§m%cﬁégﬁéoitEﬁ%T%ﬁwm

WAL DH BT DA, LOBA Y 7 ¢« AODBD/NE OB TR Y, REOBREZIC
KebotEbns,

Table 3.2 R#EEFE 4, %EE%%J”T/ﬂ—/a—bﬁ®&ﬂ%@ﬁhﬁ$&01///?E%
ﬁT@bthﬁﬁEﬁé%Ki&&t%@f%écﬁﬁébnéxjkPQ—LPQ—&PQ*40)
Mﬁﬁﬁ%ﬁ%@%éﬁﬁ%%@?%&E<~ﬂbfw5°ﬁﬁm:yvy%gﬁﬁa6ﬂﬁﬁﬁﬁl
VENERBOWEBICRS —BLTOBEELE, Lo LIBMET —6, T—17 X b kevisafFE
ﬁf~%~ﬁ®%w%®%é%mcﬂd&ﬂgﬁﬁﬁm7m¢¥%méwtmﬁmmﬂﬁ%ﬁmmf5
CEUVRETEESABE LB TH 5,

. HEEMEBTHLROSA - T ORBB TE SN RBMRTICET 287 — 2 WIS

%)@&%:ENRB—C%:}: 'jo
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3.4 RHEEOEW

To—gy yEBEOBRHMEECERY, HENERATORHTEN T 229, ROSA-1 RBREEK
s IEIR BIREE AT, 9 B FRrIHE AR OH®K, Table 33K Lz 6 BIOKRBRET 72, 2D
55, 1004 BIRENORREOLHI, BETELF 288 oNEhotc, FH601FR D
— 20 VIBEOC FHHRICIMAEAOME A o, " F 2 1020 BREH OB ICIEE RO
)~ MR L TLE - i, BEROBMEEEOSLRREESNED -7, BDO 3 HOR
BT Moo cHRBEOCS ERSHE SN,

341 RBEHEEOHR

ROSA —T REREBED 7 0 — v — b £ LCEAEBNBEAYOETRED £hENPig.2 18 &0
Fig22 iIWRTBOTH B, FE « HERICE, BERBRE FE2ELBRKOATNL, EHESET
WL FLns, BEFLEZE->TERET L AHD, BORBABLE - TRL( LT L+ 40C
ﬂb.ﬁ%ﬂ%éof.Eﬂé%ﬁ&37-nvwmﬁ§nt§wy'ﬁv—%é?b,ﬁm/fwm
SHELAREEB- T, BURKEBRR Y 7Icb &2, Lol, micky - T, NASEHORKY
D#HRCV —2, 3%BAC, »oHH LFARFICERHBEROEOFEEFSELE1S, To—Fy v iBiE
Ti3EFIBREBAITEICUDEEINTHAT LICE 5,

EARBERNOEEELEOMoBEERIER, Figl2 WRTEDTHEH, WBREORY— FEFER
Lz1020F1022FBD2FABNT, 9 e he—ETBF v 2R HUWB Y —n - ) Y7
OKEHIATZLTH = 12,

BEHF M2, BWRE 7 x 7T HEBHIER 9(k48, IXJKEBINTED, PEBREEROHHE &
YISERMBACHEBREET. (NEBATI 2 AORKEMBOI FTERESHD. BOITNTE
BEMEETHE, 1L, BAAAR T TEEABEERAL TV 3, 45, 903 FLIKIZ. ¥
REMEED | REHERELTEAL L, PREMEFAOEEBNEBECKE I Fig,21 4 KRTE
DTHL.

BEHEDTHL, Fig, 215 ART IS, Ax124mme, #E3215mmT, AYRHER
2660mMmTEHE, FE o FHEMEETIE, 615MmEHiC 5 KD —2HE 065 mm ¢ DFEEHTY
CAREXIORESNTED, MiRORABEHNOEENER, FURBLOELS 100mmTHb, UE.
JeE A EBEBRORENEEVEIL RE - HERHBOEZNLALAVTH D, T, BESO
BES5E, BET&mST—1T BEREBT—-5THL,

VR DEE S, Fig, 215 i0RT L0, BEMOEBREREHEONE, oA HI~EHESE, &
o UHBREEOARECRE T MBI EhE T RA2EE L. AFELoBE2O580 L1z, Lt
B2 T, BRBEHOBETOFLIE, BEEORE» PR Eb -2 D 1 / 272 RBRICAE
LT3 T BT, ColpAOBRIROMEL D #HOREEZRET SRR LT o, Fh, COH
BUOEBFSOEL G &I, REHEHEORENBELEL L,

342 HE7T—z

(1) 601%& _

Fig,3.271 601 HFORE « A EMBBORELELOBFHRERT, 77 LAHIZ, 70kg/cnt .
CHroOTHREKEDOR TH -T, AU 7« 20DFRIFT0mme, HLFTIOEABEENORERSENTS
Z, R# - SHEBMEHEORED I, KBBB® Ssec 2 TULAMB LA - 1285, T0ORARIL
6.70 x 1 keal/ n?h T& 3,
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AP TR, REEAERICRMEEOSBLETHSAOAZY, EORRRBRERTHYELHICNHD,
FHBARE R 5 ~ 6 sec T, MEMOE LOEBEZTUTPPEEBTHTAPHICILS, KEREEK 15
sec Ao, HROT—5hoR4EBESERHLIEALS, 30sec ZAiLE, BETFWmAT—1d L
HLRUSHZ, L, CORELRE. SEBMAINTOEVLEH IO TEPLTH S, KIHE
thih 1 5~25sec TRABANBERGNE OO LM, £0RRILENHHEREHSEST 2.

2 602F

Fig.3.28142, 602BORE « HEMHBORELLOMERRETRT, 7L, AATRREOH
EECEOHTAENEBEN/ A XHER>TLE-HDOT AKZEBOELERLTOIKAERD
e 602%Fi270KE/CME G 2 L0 FEBBOBDS - T, 4 Y 74 AOFZT0mme, FBHFIOE
HEBROREIMAITS 2, RE < FEMEHED, BHEHE%EK 27 4sec FTMRESN T2 A
601 BERE > TED, BEFIRELALEST667 X1 Fkal/mhth 3,

AFITIE, EREE, G CREEEETTA45 205sec KETT — 5 B LA LIS, £
% ERFONCATRES ERBESNI, 22LT— 1 0ARIEFED Ti22<, T—3aHE L
RYZUMZ ERLEY, F0BeE0ETAE IETR - BEEBHER L. T—5, 4, 30%
HIEA T, BEEEMNE00~T00°CizELTHSR, ERIKELVRERBEZ R LY, BN
A XERUT ZONEETS » 10T, AMICIZRE b o 120 KRB 2 7. 456C BikIC, T~
TOHESTERAEOEABTHASN, Dby TEO—-ERECAT SN TLI Y HRUBEEX
nics, hid, wicak ﬂ%ﬁ%%QWﬂ$®ﬁ§#%@b,%ﬂ@@ﬁ%iﬁﬁﬁ%ﬁﬁﬁﬁﬁié
EOEHMTL, RiRiREHh- 1,

AGTI, BEBOBEIC L > TMAEHSER SN, SREOMELEELT45E, Photo,
2ERT LI, FHRBBO LIETHLATEE L, £0TH10cm DR TRAENEZROTE
ML, BEEMUE LML n BN 20 VEROHENE S, FROBRERCOMICES
MBEREIN, £05b0MEMEIA—+ AR sk, T/, BEELKICHI - T, BRICES
BERB0EENR OO,

Photo.3.2 i, 6D RA—4D55, LIBOEHBOHBRELTT, chitkiud, 2< —

HOMBRTOREL, BEESAR-— v EETICEE~HL, DMRERHZAR—H$EF->TT —RIT

it anhtecEsbhd,

PlE2-0BEIZLD, BEEDLHIC, EMANCBEESRFLER LA EBPELMICE o1,

(3} 903%

Fig,329 i, 903BNRH - A BEMEBOREELORMEHERETT, 7 LA, 70kg/ent
G LD ESKHEOFITH-T, AV 7« XOFRIZ50mme, HBFTOEABHENOIRERERT
HD, B~ FEBREE, HMEBRHRK31sec TTMRINTHD, TOHEFILT7.47x]1 Pkeal
/MPhTH B,

AFITIE, MEHEE, B BEEESET T2, 26sec K FT— 445230 TT — 5 558
BEREERABCILTVD, BEREEER, T-4m520°C, T—508788°C T, HE LR
FEHET~5OFNAX, 2277LT—1, 2, 33E0FFTW - DEFODTH 5, HliFHE
31sec IMBMEHKZEN Lz, BRAEEALLPDCRMITBESETTL05, 20 d4b5sec i T
— 445, 65secitT—505, 2OATRBIRERTERET T—1, 2, 3E3EIAKREKLCKLE,
ﬂﬁ.55wcﬂ&.T—S@%ﬁmiﬂuw%i%/4zbﬁmafw6tm,i@uﬁ%%%bt
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T &rn, 75sec LRI, Fig, 3270601 BEOREEREIC, T~ 50 0HRG-< b LAEEFE
FEmRgss, BELAMETIEAM601BLD T - EB O AbE->Ti 3,

Fig,3.30 13, #HRIAMHECEEZLTH - T, SIS EMK KOHEHR 6 7sec Hps, T—5
PSR = < B LI BLE ERBE S5, |

4 1020%

Fig,3.3 11, 1020 D58 « St EMEEOREELONESERAR S, 22770, AHITIZT—1,
5, A DBEXBHE LIS, T—2, 5DAERT, ANORBIIT0kg/cmbs G oD FEKET
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Table 3.1 Majer Conditions for Each Tests

EEAF-E B | mE | A% (B W EAF| T B BEEL MEEERS e -
. WEH 0 % [ BLEB| K GEEHE) (3t |7 & oL | EAE

2 & 8% = & |(kgefG) [(mme) [BECCY (m)  |Gwec) |(kwis) |(to/h) |7 F 5

201 | BWR| ¥if 40 70 | 250 | (525 2-1

202 | BWR| T 40 70 | 256 | (546) 2-1 i
203 | BWR| T 70 70 | 279 | (532) 2-1 3t
205 | BWR| TF# | 100 70 (302 | (51D 2-1 gl
207 | BWR | TF# | 100 70 (309 | (510 2-1 Bl
209 | BWR | F 40 | 100 | 248 | (543) 2-1 B A
211 | BWR | T% 70 {100 | 285 | (518) 2-1 gl
214 | BWR| TF# | 100 |100 (312 | (476 2-2 3
216 | BWR | F# | 100 | 125 303 | (496) 2-2 SR
918 | BWR| TF# | 100 |:00 |303 | (493 2-2 AT
219 | BWR | F# | 100 [100 |312 | (478 2-0 |FER# | i
220 | BWR| F#E | 100 70 | 316 | (490 -2 R # | FHa
292 | BWR| TF# | 100 70 1314 | 477> {60/0 140/03 2-3 [JER# | HE
923 | BWR| TF# | 100 | 70 |303 | (498) 2-3 |FEREH | HA
224 | BWR| TF# | 100 70 | 313 | (493 2-3 |FEse# | FHidl
225 1 BWR| F#& | 100 70 | 310 ! (512 2-3 i)
301 | BWR| TF# 70 70 1271 {(48)6.12 3-1

302 | BWR| T 70 70 | 277 |49)s6.16] 3-1

303 | BWR | F% 70 70 | 278 |4.9)622 3-1

304 | BWR | T 70 70 1279 1@8®6.10 3-1

305 | BWR| T 70 70 283 149)622 3-1

306 | BWR| F# | 100 70 | 308 1@7)623 3-1

307 | BWR | T& 70 50 | 277 149)6.22 3-1

401 | BWR | T8 40 70 [ 250 |505596 4-1 .
402 | BWR| T 70 | 100 |280 {48624 4-1 gl
403 | BWR | +® 27 25 1224 |64)617 4-1 )
404 | BWR | i 40 25 247 (62)614 4-1 Gl
405 | BWR | B 70 25 | 279 |@72607 4-1 )
408 | BWR | LB 40 70 | 253 |G156.08 4-1 g
409 | BWR | L% 70 70 | 282 |@4768607 4-1 zf gl
410 | BWR | L% 70 | 50 |280 [@83617 4-1 &l
502 | BWR | L1 40 1 25 | 252 |G126053V10 53.7/2.0 5-1 |B B

503 | BWR | L 40 50 | 252 |G0ODS590/565/1.0 |64.%/3.0 5-1 | B
504 | BWR | L5 70 50 | 282 483620 5~2 |FHREB | FH
506 | BWR | L% 70 50 |282 |@7D6.00 5—g |FEFEE A
507 | BWR | F& 70 70 | 286 |[497630 5-2

601 | BWR | TFiF 70 70 | 288 | 60 177/20(80750 | 220 | 6-1 |R &

602 | BWR | T& 70 70 | 288 | 605 |18830(803275| 200 | 6-1 |® #

701 | BWR | T 70 25 1286 @81614 7-1

702 | BWR | T 70 (125 1287 | 60 7-1

703 | BWR | F# 70 70 | 287 | 598 7-1

800 | BWR | LB 70 25 | 286 |481615 8 -1
801 | BWR | L% 70 | 50 |287 | 610 g8-1 At dll
802 | BWR | E# | 100 50 | 314 { 599 81 i
903 | BWR | L3 70 50 | 287 | 60 180/ 38 |90/310| 265 | 9-1 |[® ™

904 | BWR | EEE | 100 70 313 | 60 9-2 )
1000 | PWR | T 70 50 [232 | (490 10-1, Y
1001 | PWR | T% 70 70 | 232 | (430 11-1 EIR.l
1002 | PWR | T | 100 | 70 |[263 | (498 11-1 #Hal
1003 | PWR | F# | 100 |100 !260 | (490 11-1 FHl
1004 | BWR | T 70 70 285 | (495 |186/1B89031.0 240 (11-2 ‘B B
1006 | BWR | L 70 50 | 284 ; 603 11-1 at
1610 ! BWR | LE# 70 50 |280 545 12 -1 il
1020 | PWR | E£X 70 50 | 248 | (495 le12/2341212124 272 |12-1 |R® # | &
1022 | PWR | L 70 50 245 | (492) 156129\981/114 270 |12-2 (R # | &td

& Wkt () WETERER KM
() AizEKAL
kw/sec msec |23 7 F « — F A W% O SR
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P
70
Bottom break
60} - .
Orifice dia. 25 mm ¢
~ 8ok (# 701)
o
E
[&]
~
2 401
o
2 30
@ Saturated
A Transition
20
Undershoot
10 *
O [ 1 | | | 1 1 | 1 1
0 12 24 . 36 48 60 Te 84 g6 108 teot
Time (sec) ' '
Fig. 3.1 Pressure Transient for the Bottom Blowdown
Simulating BWR-LOCA
T
280 Bottom break
Crifice dia. 7Ommd
240} Initial press .70 kg /eme
200 # 703)
160
120 -6
80+
o 1 L 1 L | 1 | | | {
0 4 8 12 16 20 24 28 32 36 40 1

Time {sec) _
Fig. 3.2 Temperature Transients at the Top and the
' Bottom of the Vessel
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Bottom break
Orifice dia. 70mm ¢

100
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80
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{ # 306 )

TO

o
£ 60
(&
~
L]
4
— B0
e
2 40
Q
p -
a.
30 PWR model
(#1002}
20}
10
O 1 | | i | T ¥
0 4 8 12 16 20 24 28
Time (sec)
Fig. 3.3 Pressure Transients for the Blowdown Tests

Simulating PWR- and BWR-LOCA
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P
70+ .
60 - .
Crifice dio. 25 mmg
- S0 Bottom break
5 (#701)
~
o 40
o
£ 30
§ Top breck
e {#405)
o
20+ :
10
o | 1 1 I, | Y- y) 7 I T
0 30 60 80 120 1£0 180 zio 240 270 300t
Time ({sec)
Fig. 3.4 Pressure Transients for the Blowdown Tests
from the Tep and the Bottom
aP
06}
Orifice dia. 25 mmdg
051

Pressure difference (kg/cm?)

Q4

0.3+

Top break
(#405)

Bottom breck

02r
{#701)
01
o) i ] ! | ! ] 1 L 1 L
0 30 &0 S0 120 150 180 210 240 270 300t
Time (cec)
Fig. 3.5 Trans znts of Differential Pressure between the Top

and the Bottom for the Top and the Bottom Blowdown
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Pressure difference “(kg/cm?)

Fig. 3.8 Effect of the Initial Pressure on the Differential
Pressure. Transient between the Top and the Bottom

{kg/cm?2)

Pressure
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aP

0.6}
Teop break

0.5
Orifice dio. 70 mm ¢

0.4

0.3 Po = 70 kg/cm?

Q.2
Po=100 kg/cma“‘--..\.____‘\\
O.1F (#904) . 0 o
O [ | 1 | 1 " I ! ! ! |
o 5 10 15 20 25 30 35 a0 45 50 t
Time (sec)

for the Top Blowdown

'?OO 12 24 36 48 60 72 84 96 108 120t
I 1 T 1 T i 1 1 ! T

eol Bottom break

501 )

L@5mm¢
(#702)

30

T

20

o
1

0 4 8 12 i6 20 z4 25 32 36 40 t
Time ({sec)

Fig. 3.9 Effect of the Break Size on Pressure Transient

for the Bottom Blowdown
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AP T T T T T T
06

Botlom break
o5l Initial press. 70 kg/cm?

Pressure difference (kg/cm?)

Time (sec)

3.10 Effect of the Break 5ize on the Differential

Pressure Transient fo: the Bottom Blowdown

70
60
50
40

30

10

Top breagk

{(#801)

Fig.

| i ! ! L )
20 40 60 g0 100 t20 140 160 - 18O 200 t
Time (sec) '

3.11 Effect of the Brea. Size on Pressure Transient

for the Top Blowdown
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AP

0.6 Top break

Initial press. 7O kg/cm?

o) ! ! I i I i I i !
o] 20 40 €0 BO 160 120 140 160 180t

Time ({sec)

Fig. 3.12 Effect of the Break Size on the Differential
Pressure Transient for the Top Blowdown

70

60
Top break

50 Orifice dia. 50 mm ¢

40

Sharp edged

(# 801)
30

20

Round edged
(#1006)

T

ol— ! L L i ! ! | i ! I
0 1G 20 30 40 50 50 7 80 e]e) 100 t

Time (sec)

Fig. 3.13 Pressure Transients with Different Orifices
at the Break
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Fig. 3.14 The Differential Pressure Transients
with Different Orifices at the Break

70

Top break
Qrifice dia. 50 mmé

60

50
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{#801)
30

20

Low water level
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Fig. 3.15 Effect of the Initial Water Level on.the

Pressure Transient
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Fig. 3.16 Effect of the Initial Water Level on the

Differential Pressure Transient
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Fig. 2.17 Pressure Transients with and without the Core

in the Vessel
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Fig. 3.18 The Differential Pressure Transients with
and without the Core in the Vessel
P
TOL

60

50

40

20

Without
(# 703}

Bottom break

Orifice dia. 7Omm ¢

With loop

{#601)

loop

1 | b L

10

1
30 35 40 45 50 t

25
(sec)

1
20
Time

1
15

Fig. 3.19 Pressure Transients for the Bottom Blowdown

with and without the Circulation Loop
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Fig. 3.20 Pressure Transients for the Top Blowdown
with and without the Circulation Loop
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Fig. 3.21 Pressure Transient for the Bottom Blowdown
Simulating PWR-LOCA
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ROSA-I Subcocled Decompression Test 1000
ORIFICE DIA. 50 (20% BREAK }

Po=72.5kg/cr. abs
PQ-1

j 10kg/em?

| RS

10O msec.

Po = 725 kg/enf. abs

Po =725 kg/cmt. obs

Pund = 35.Ckg/cmZ. abs

Fig. 3.23 Subcooled Decompression

Data {Test#1000)

ROSA—1 Subcooied Decompression Test 1002
-ORIFICE DIA 70P (40% BREAK)

Po=102.0 kg/crif. abs

1o kg/cm®
——a]
{0 msec

Psaf=50.0 kg/cm?. obs

2 Pund=410 kg/cnfabs
Po=1020 kg/cm?. abs

PQ-3

Psat =5{.0 kg/cnf .abs

. Pund =420 kg/cm®. abs
Po= 1020 kg/cm?: abs ‘9

Psat =490 kg/cm?. abs

Pund =400 kg/cm? . abs

Fig. 3.25 Subcooled Decompression

Data {Test#1002)

Psat = 35.5kg/cm®. abs
Pund = 32.5 kg/cm?. abs

Psat = 38.5 kg/cm® . abs
Pund = 35.5 kg /cm?. abs

Psat = 35.5 kg/cr? . abs

ROSA - 1 Subcooled Decompression Test 1001
ORIFICE DIA.70% { 4.0% BREAK )

Po = 71.4 kg/cm®. abs
T 10 kg/om?

PQ-1 10 msec.

Psat = 304 kg/cm?. abs
Pund =22.4 kg/cm?. abs
Po=71.4 kg/cm?. abs

Psat = 33.4 kg/cm?. abs
Pund = 26.4 kg/cm?. obs
Po=T71.4 kg/cm®. abs
PQ -4

Psat =344 kg/cm®. abs
Pund = 24 4 kg/cm?. abs

Fig. 3.24 Subcooled Decompression

Data (Test#1001)

ROSA-~1 Subcooled Decompression Tes?, 1003
ORIFICE DIA 100%(8.2% BREAK )

Po=103.0 kg/cm®. abs

J10 kg /em?
———|
10 msec

Psat = 46.0 kg/cm? . gbs

Po= 1030 ky/ent: abs Pund=36.0 kg/crf. abs

Psat = 49.0 kg/cr. abs
Po= 1030 kg/cn. gbs F1nd=350 kg/erf. abs

Psat = 46.0 kg/cnt. abs
Pund = 330 kg/cr? . obs

Fig. 3.26 Subcooled Decompression
Data {Test#1003)
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Fig. 3.27 Surface Temperature Transients of Electrically

Heated Model Fuel Ro>d (Test#601)
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3.28 Surface Temperature Transients of Electrically

Fig.

Heated Model Fuel Rod (Test#602) .
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Fig. 3.29 Surface Temperature Transients of Electrically

Heated Model Fuel Rod (Test#903)

RUN 903
Unheated Fuel Rod

300+

200

100+

0 10 20 30 40 50 60 TO 80 90 100 no 120
' Time T (sec)

Fig. 3.30 sSurface Témperature Transients of Unheated
Model Fuel Rod (Test#903)
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1 1 1 i | 1 | Il l |
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Fig. 3.31 Surface Temperature Transients of Electrically

Heated Model Fuel Rod (Test$#1020)
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uUnheated Fuel Rod

Power Off

1 i 1 1 1 1 | l 1 ] 1 £
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Time t (sec }

Fig. 3.32 Surface Temperature Transients of Unheated
Fuel Rod (Test#1020)
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Fig. 3.33 Surface Temperature Transients of Electrically
Heated Model Fuel Rod (Test#1022)
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Fig. 3.34 Surface Temperature Transients of Unheated

Fuel Rod (Test$#1022)
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124, BIPKEEALERS ROKGA HmINs + V7 s ORMIKCEADSHEREE LIZE TS
(Fig.-416, Fig.417),

RGN K LTI A0 BA TR Cp HICH10T Ve DAL TR, EHZ SR
EFEAL LI DINBEEFKERASLENTS, LErb 1l £ 2 - 07V THRHEAKEOERT %
LT BV EAEOOIKHL, 28 a—A0EFATRE Vy =10 ft/sec TEAEENLD, T
B Wi T o BB Vy, = 3 ft. sec TEWITED Fosdiimicii-7f (Fig-. 418, Fig.-419),
HR1 R 2— ATRFEAMBIIIETEEFTCILE/77 4 -~ 2REHRTENTETE, BHERKEZREIC
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W EHACERTERORT, 24K 2 -G LCARTESC ENY SR o125 &5 LIk
CHLEUEHRELTEAOGNDIER2DH L. 1 DH2F ) 2a-LDEFATHRHET 2 HERIICE
BEohhfad it ECE BT, 51 283K a—-aBEE20E V7 a vBBEb-C &
HEODEBEBTHL, MEDEECOOTHNELHIE, 28 -3 IRESHELELL, LTE
%ﬁfﬁuwmbt,lﬁuJ—L@%%&@U;ﬁK@%Eﬁ%%mﬁif$wf,%mﬁﬁﬁb%
BUKEBAORKER Th BEKEEDCREMMEGA BN EBALERAE LD 1. 20
BEIOIA)2—6E28) - a0HEREROENE, BEAREEACLCLEBTIINS
T, EFALEDEDODENCELZEDTHALAEEICEMTELD, COACHLUTHITEFEL AL
WG, FNFROEFLICET BHEHKROECABAOBEICODOTHEBRLTASL L, TOHHIINL
%2 (Fig-420), 28) a—28FNTIREENL T84 - BT 28HMAE, 1 H)a2—
LAEFUTESKEOVNELOATRT -2 S —HRLUHERAEEELTAL L, 1 8T
JFEALFREEBERMNLOY, FORBEEHOMESEDL, 28 Y 2 — A TEHERSEROLD

T, EORERM 2 + )74 2 ED0, FEREKBICA DL, | £Y 2 A TERE
BFEDES0 BT 4 U7 ¢ iE Rl BB OGBS -Th 5, TOKROENLE
EARBEOVRMBEDEOCEL L X TS, HHERSICHEEO L DECIH LI ERENL Vy iz
5z 4L, SERYHOELSHIBSERD TR TR, TOBRELLCTMHLMR Wmih7 4
D7 3Ty, WHEEL ST, ERERRE L TRECNNS, RELAP - 30Ot 7 £ Y
74 DFHEEFT AT, B OMTICKAES SE &, ZOMEBRICE-T2 2 ) T A BBELEL
OB EE - T B85V v hE 0 EKEBO2FTHE M RN TEAKEELCL Vi %
K L1-ES, VIBOEOBEEA TN 7 + 17 4 HBLTARZTTENDE SN0 &5 B
KEEZ LT h, CHICRHL2EY a—aDEFLTHE, Vi 2AECHLTH FoRY2—n4a
B EOFEY 2~ L~DKDEAED DT LOEESMD - T, KA 0 20 THER £ TE
LEt, 7240742 LIESCORTTFa88%5bm 0L Td, ~EMTHAZ Vy %, & LERN
CEERECERTERIE MK2 4+ V7T cOHBOHEREZ2OZ LTS, HHEELFY
—LTERBEADELCERAETHA D, EBROBEAZETNIE, Kl S0 @O Bk
M A BTN RS FESOREA LT THIEICEDLLTHESL D, TNWA—ED Vg 252 %€
FATE, EREE oL S SR EA OB ENETT 2 LOURFCELTR, T oRBERD
AN FREBESICHEB AN, 2R a—2DBGELLAFY 2 AMOWHE &0 S EEB DD
St HICHRE CEEATTS LN EBRTRETHES D, BULCHONTHLOLEL Vy BT
B OFROARIBEAICOOTEEL, BEKEEZEREMESZ L, HEOHMHLED, Vy A
bo kM EBLNC EARLTVS (Fig. 421) . 2OBOH CpMiELTREAT-2p0uXK
Wit BEE A - TOAAER L TH 2o
() SFLES SRR X S0

CNE TORITIIPOBEDILVENESOADTRFMBC LI EDTH s, FlHEEy L
RA T - #o BT L TR, WSO ZH 5 51 # 70K 4k U 3 TR RS Lic =70
% E D, FRICEFLD FFHTEACAKAEERS, FLssdyrne@3ieess 4 F) a— 4
W13 he COERBERST, KIYHCHESNZHBRIRARE Vv v 2 v a Vil 6, SO AL
FHT L F MBS L v~ VST, MOBHEC EEEFLTHRIROKE RS ¢ ¥ 7 v a Y
ET B, CDEBLEFNT, “HHD Cy, Vy ORLSEEZ L, TTFHEEKTLIDDORY) 2 — 4
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WA CEBAHaE Cy SMRER Vy 252058 L, HXKACHL BT LT ACDA Cy &
Ve O—BHREESZL, 2NLUTORY 2 - 2R3 3 E[EMKEEL L, —ROMESLHE
LTHEHSEARR L TAL, FOBEFNEDE TV TIIERMBBEHLONEIOICHL, BEFOD
SEH/ 5 A - A DETFTNTHERE LS EIRMBITE oo ZOBHELTEL GNELZDIL, HIET
BHEFEY) o - ABICSAREBRTICED, FEBORRI LOKRY 2 — b SBICKENEL L1 T
FLOEZESTRELAELSHL20IEHL, REOET VTR EZASEE SN, EBORFIGTE
BB LD THEA D, COBREGO Cp DEBEIL FLOLLORALEHFIKODOTI AT 2 - AT
BT L ma L D0 & ottt ERHEBERGFLULOGALANNE-TE D, FHKE
OB DHEE OIS EREMBE - TR DI Cp ENELEDL LT &3, FERTIREN,
W BRI OO TR BRI YT A - DT AR - THITLFITE, FEHREPIEHESR
X B, 2K a— AT L TRS I Cp OBBEMA &R CITE -, FEugkh, THeksEl
Ty FY a-sRKAELEGSS, &R 2—-b047 4 -2 2845 ICHNE, Cp DRBEIELA
FEZBLTENETE > &sTa2 (Fig. 422, Fig-423),
(5) HEE C, WS 4 ) T 4 DR )
INFITRFELTEROBFHTCH LU TRBLEEF L FRBEBBU 74— 25KV DLCEEND
STEIH, FOSECTEEOBEAE /7 4~ 2THEL Cp HOF Hlifgo—Eb o3k Rae—
MEITECEHTEE (Table 4.2) Chno4r3 T L2, Cp ROCTNOBATHORMAS
(IR ENSCABHECHD, FREWH CHEICHOBHMNILS > T b, HICLOLEZLERES
LAET, WEREZAONTOEAY 7 4 ACET BMEAER L VO BRUAOERE, C), 0K HN
TEZAVEBEDHLETERALHITH S, D CpiEHN ROSA%RBITHTLEFONTHLHE
AEBBRITLEENEL S0, 2 THATTIHNONAABRCH L TENTLTA S &, BUBERK
BOTHEHA: RISAZRREB UL BOEo sV Icd LT 7 4 — 4 OREE 2
AL TINT ERM L7 (Fig. 424) » COMEDOTIE, 411 RELAP-2 i€
F BRI TENTHEREFALTH B, CCTREOACHLUTHIZEL BB niC FTEEMCED
ZOBEic L TR#EE Cp xR 77 7179w F L, £0 it ©) Battelle Memorial
Institute DLBRY A FLASH - 22— ¥® (RE=7 024 EL) THRITLA L 20R#S Cp
fEx7oy b3aE, ZHIZF—DDOMHMBICRLZC LMD (Fig- 425) o 22 DEHNERHD
BREICL LT, BMUBROREZIFTTC EMRELCEARLT S, BLUENEFNOFRIZ AL
208 md, BMIAKT m® T ZO®WMHIINL 0B THECEXMELTELLERETHS D,
OB C, IBEBERMACLOTRES, LALBEIRONSOBEREBRAKOARER S
Chn OAZUWHMTELE LSRR SIS s e BB IC YW THEH~S o, RUONBETOHB 7 2 V7
4 DB BEDI KB >TOA0EHERRTHT v 7 7KLk (Fig- 42 6. Fig .
428) . NhiCk5E, BROBCLY, BLRMCEDIFHO HEROEEDY 14 )7« HRE
CRATAELEDHD B, TRENOHEL Cx =0 & LABAI—20BAIN A B L1 5,
ZOMBE, FPICEEROS BV RTICHT BB IC L 2 %ot L, S7ERENT 20 TH D
Nt XAINILABE AN O>NTEL L 20, KPXENBTMHL &, BRICETABASAE
{1sBDICHL, ENECHTEAKOT 2 EE (4hl/ 4p) BRODEDOEOIY, REGJNE
BRI 15506 THLEEZ SNE, ThRXEMIZ -FRELEEETHELN, Cx=108
LB ARED T B HENOKANMETIRLHLLOFRELTL2DTH L0, MHICR
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R AR ATNATEREOE, FRIGREEE RN ICKE bo &7 KESBEOMNESTF

Moto & 2T, BFOSIOKEAMRERIFCE L0, U027+ 17« BLEB2BRER TS
BEVSREAI #E 4 U T A BEBROKABEOACKESAOEESZTT 52 LT D BERI
DRORMTH L, Cx = 00BAOROREETLEBEO Cp ETORLKROE/EA S L, THH
HEED 7 4 ) 7 4 DR/ OEBEH TR, HBREOROVEMLLEND, 74 )7 4 BRFBIKHES
1A R T, 2t CTHEBRE OB LB 2008005 (Fig - 42 17) o 118
Higih b EJRHIKED S &L 20RERE. KESEROLOTCENLISIETEEED7 4 )T
AEFBCETSLOOTHO, EBOHZARDOL TV 260 L3RI,

WERICL BHE S 4 ) T 4 OKENRENE Cp EOBETRZDIT, BOEDY 1+ ) 7+ &AL
DEBAOBAMED 172 5 LHRT 7+ ) 7+ CEBLUTHEEICRY, £0O#0 Cp O B4R
BiC S ay P42, WK (Fig . 429) o COMBIZIC=0& Cx=08DBAETS
IRILBL, FOFIXY 4 ) F 4 EOBHNEFETRLALHT, HEHROE,I LA S LBRED
1/2%¥ﬁ¢*Uf4&¢éE%@.Cx;0®%ﬁmcmf®é%i5@ﬁﬁﬁﬁ%éﬁo%CT
COBADF 1 ) F 4 & Cp DAL 5L, BEAKNTERSND,

0042

Cp = +05 7 (4.2)

Xav

FThAVICET 558A RELAP — 3 THiF Lt R4 c o/ 7 7ie7 oy v 44 L, B3I T O
Kﬁ%oﬂi®6&ﬁ%#ﬁﬁﬁﬁxU?4®&§®%ﬁﬁ%ﬁMm®mfﬂ%iéﬁﬁi@k@ﬂ%
Z AT EMERT — 4 OHITTHRD SR TH S, Moody OEARFEIRZ + V7485001 LIFE
DOTRILEHONTEST, TOXIITEZ + V7 + THRBEHNF L (HEART 5D, Moody
DAL ET B EEO T VBRI RIRBC s T BB EFEZ LT ENTEL, THD
BEZ 4 )7 4 OESRBEREOREINE O ETAERETE2T. BETHAROALERT 5 kHIC
L ONTRERBICET MR B IR EED T ZTEMT S C LN E, T LARNIEKENR
MICPPENESA, L LKOERBICHSY 77 —adidhld, 2BV OKMEROMET
FENATZERHOATENEERRAEL DI ANICKE, (4.2) REFHATROFEE7 + U7 40D
B &EREN Cp OIT LIS ozl E 7o v P LTRHCBET Cp HFHETH E, 20IC—DD
OROERPS—20 C), EFH7 4 ) 7 4 OHEASH O, ERLERHAKLOOTHLpHOEE
DLOOEBEMEELLIETEATYO 20 - TORNC C, OWMBERELTRT -4 oK
1HDOERELBEENEL, TOSE DN TOERRIT L IHTHE~L,

FCATEEOESBHEEBICE 2BRKECERET, O OUHEFETAHLBORENEEMD
FEBRBICL2GEEOVIWNARBEROBESICRENE A, T AEROK & X0 L TR O#H
EORLE THVNOEREE LT L MEAL U2 MMICZEA 680, ERFTIEDERDIY
FCHE N A UicRa, FhabhThRBIERB LML UL OEEOBN TH 254, COBRER
BHEUBEEZLRETEAS, L LEFOLKNHOMOEN THLB0E, AUEKOETSH-»
THEOTEORBOSARSBESESI O E (- THAREWEL O Wi S 5, fiih, RO
OO LS HEN S + U7« OROESE, HEHE Moody DEE R HE LD HEL £ C)
DEHF—BICHEN LAY 7 0 ACET 2 HHROBERFROEITT N L0, FRSRBEHTH
DOARFHEIC L B HREADBREIBA TN E—HEST 2T,
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(6} M ORRICE ZHB~DEE

Y7 4 RCBT BEHGBICOOTHNEENT, BROBE 7240 74 ZEBOTERETE -
foo EAEHICLDRBHAOEEL S INLORYTERT 20T, EBRHEZ + ) 7+ OEW E
Hagre L, #AA ) 7 4 20RDICOBOR UAEA Y 7 4 2EFH O, EBRITEHOMET1IE LY
TREWERED -l ZOERREREERZ#EL, BEKERDU LA ENEOHITE 1, K
MR THEENA ) 7 4 AL OAFEA ) 7 1 ROFHSHBREDBIN X HREIRSVZEsmonTO
L5 _HERKETLEUUERELD, CORATR Cp 2ARXLEINENLBN T EBI DS
(Fig-430, Fig:431). 70 kg /c®*CoO#BEHS 0 mmoOREH LTI Cp 138
15 BRENY, REFRBBENEBRBENSLTRE LS LEFMMITH S, THOLORICH
ES5 4 mmoOFBBANAN 7 4 ACHATZ, COBICEKMNENELE O mm T, FOBRKRICL L
MBROES L, EHMECIZHEAFHEOMRGEDTCy BEZZLENF S,

() FIAKM DEREKE~DER

FIHRAKAL DB L 2 LR TOREKE~NOZEL R 210010, BEYHAA (6.0 m) XK
1 0FBES LTEREITN -1, CREUTFOVHKA TR, EBOFRALV—TH/ ZnvomssnBF
TERTELV, BEOWMERB—HRTHIHLOKMD 1 0FETE, KBETH1 0 F@HLCEE, E
BOMREBOKSORDEFEIIRISEEKNOESGELO LT, WBICHLEERS T - T, B/EK
HRBREXKBRIEBEAERU & o/, VKA ZE C LRI, BEKMNOEBEERL <7
A= 2ETCOERMBE LKL (Fig. 432) , conFELSHBREZTHICHTH
BETAKmMAEMOLIECRE > T3 L EORBRBREBETEDL ST, TORFUKESEEHLUTIC
FThZ2EE (BOBRANERBZ V7 « OFALEE) (2, BEVHKMNOBHOFBRNEEL B &
PREROCRERMETETFKBRICOFEHDE I TR T, MIKNIREBEISHNNESEZ 25
FRIBICHIEAKM AL L THENDBR Y20 E D LRBESHA T, ERFOBITICEELTEZ
PUEKN DB N EV S EHBRBEICH L0 TIRAL, EEFOHKMICET 2HEFOGSORES, 20
WHEL >N EBEELOEUBROMEICLE - T %, ZHRE2WTIREBRTENS,

8 HEREIER

VL PR~ f- i f5 R4 & RELAP - 3 OFBIC D0 THEHE B L ERD I DL S,

FTNRFA -2 L LTEAZETRINTVEZEF LR, WThHERELTRACBDEZTATH
o BRMEICH TS Cp, KAAH/ICHTE Cx, TNELEKNMFEEFTNMICHTE Vg FTFHDER
MOBRBICH L TEEEBIHETHOORZEM TH b, W -TIDE O EFARBBT A ICIIEERN
HHBREEORHICLLREZH S0, L LB o—- FORBRIGEMNTOERFHIROBERIENT,
FOINI - FABKBTEUASELT, COLIUHRANROERT - LORAKLEFHMELSFT
VOBRIEFEFTAHDERENL D TCTEORHENLLNE T LD TR TIHRAERD O,
WS ODREETUEIELUTOI EhbE, '

O B Cp K7 + V7 4O & EOBEAEE IS ZMEB AT DAL, 7407 «
DOERELTERELTHA 2. ROSA KBV TE SHUERE
0002

Cp= ——— +057
Xav

f%ctocnu$ﬁ¢*U%4¢%$mt%%T&5ﬁ,¢¢U%<®ﬁ%ﬁwﬁm¢éa&%ﬂ5o
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® Cp il FHMREEELTOBKLAEINTY 20 OMARBOBR AR S+, HlBRICL
v(ﬁ%ﬁi%néiﬁﬁféomiﬂE@%Iﬁ%*?&ﬁﬁb%Zﬁ@%ﬁ%Kﬁfﬁiéo%5

THEZ7+ VT 4OBVBELETDEEHEAS,

@ SAKNEET VIBIMBICL > TR~ Vy IS L, BLULTREHOI R Y 2—
ﬁﬁmﬁbfﬂ$+ﬁm%wa%5C&@%bﬁwmotmfﬁfc&mMgfﬁé ZDRAEL
r;ﬁ%@%ﬁ%%ﬁwt+4b&@#@@ﬁﬁ@ﬁ%ﬁﬁ«@wﬁ%ﬁﬁb{%%ﬁﬁvg®%§&b
FEDOERANTHBLIEBEL LN S,
@ SAEREIOLOND TEBINTORVWERERE TR, KPBOKEAMDEFTVOHEFITOO
TR->¥DLIC ZREAT, IO CEROR—BAETIVEVIFREE/ L LSO TOY
W3, LEOMBEAORREBICHNINENETHAS I,
® W&D&mﬁmﬁﬁﬁﬁmiofﬁmﬁt074%%£bmwijw&wéﬂﬁm®&ﬁ%@T®
SHHHD. bLAELEHOMEICER LB L3 LBAE, KEMEOFA FREPZYRE
(RBELNAGHEAHEFVERVEC LORLETH Zo

HEMETLE5E EROLSUERNLHNE -2 FLORBLACHHBHIEENTHESE
ﬁﬁﬂ—b@ﬁﬁﬂ%aKEO<Qiﬂmﬁﬁ%ﬁmoc&bﬁﬁf,éb%fﬁﬁﬁm%ﬁ%ﬁmm
ZOFHEERBICFE DD ENEPNTREL SRAARTHLLEDN S,

413 HEHMIMMOOOESLTHI OB

ERERSECET 2LROBRIERFCEOTTRINERRDY, ALTH0 55 2HAMUM
Bich b &5 EL BBAIK, FRTHELIHEHTTSZHICE - THUMEEEOTREN
LEMEINS, ROSARBOLIKTaos v yERORME(LEMRIC LSS, HAFEORT
B <F B0 FUEES A DERIKE LT 28 REIFREKUMCROBZ L E2BTLOIUHE
ﬁm%%%%%wféﬁﬁ,@ﬁﬁ@%%ﬁﬁﬁfg5tm®%#%%amﬁnwnbmwo1W&b

TFou sy s HBROFLIREFEEFLADNOREEEZGE, FLOMBORESBCERICL
D, MEGEEREDS, o TEOBEA LSV LERMEST 2 L9054, AROETEE I
FREOTFHSINED LR UICHHEEL TH < S ERFE LD, THOLEARD I ICELEE bR
LTHLC&icdh, BonsEREREROPILTHICENN S, 03 LEEAL CHROBHER
P4 KT B LB TR T Bo '

C®Eﬁ»%7u9ﬁv7ﬁ%%ﬁ%mbkmﬁA—Iﬁﬁwﬁwf.7u¢ﬁ¢y@&@ﬂ§bt
B4 RRBREGICL DB L, TO8RD SHIECASNEREBPEAFO 7o v gy VICES 5k
ﬁ%ﬁﬂ?%ﬁ&ﬁ%%f&éo7D¢59/K%?6ﬁﬁw VA5 2B ELTEZLZ GNEDI,
B EAEERBNE, FHABEECRR, KRS A VIKER PIIKER T, fRCEKDE
D,it&%ﬂﬁémﬁﬂﬁ%@éémﬁu}VHV«f&écC@vamﬁA—laﬁTﬁﬁ&Lt
82 T,, D, H/H, Th b, ctionFICk 2 BEOBERKRH~OEZ8E, BontcERT 425
LrFTRTHHE, TuvE Y VKB LEBEATETALEND S, T v ORT LIIEE
CRENEBL COKOKNDSE LA TE A, BRCRENAROCRRICE 2 BHEORRE S8
H0, HHECEHMLEE SN, #-THRBOFENOARELNE TE BN T THREICRY
DPEPKGIFICE S0 —FAEHOBIE TR, B> LRBEITILEENSHLOT, BNES
DF— 2 REEOHLOOTRE, ASELDPPEOHETHEYN T -2 L10b5. —RIKTay
Y vOEBRTREHOF— 4 REBCHE SN S BONNHEEE LTHINTELZ0IR05 kg
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cm’GUETH LS, 17098y Y OBERDOEZECRLETOUBEETLHL bOBF DT, B
MAE7oosy Y ilETANNOFBICHOZORBHRATHEERAONE, 20T, BWELHNICHE
HEHBBEALEHT, FHORELLT, BARMSE T LTHACERRICELINAOETEM S
ERT R, COXIMNMEATE, BMUEFEIERLO AR TIEN @BEAE274x )T 4D 1IGE
WERADBUBHICS - T DT, BRECDEEHEERNENEOLTHZHRE THE—ETEH
Bo AGIENDEDEHEZE L 7 & 2 ABRKOKRT T, 20 & 2OFBAEHIAKED O
17056 5T EHBMONTVE, BMERESGSCOFENEITESE NIRRT T LM T TEHEARK
BsRS ( Critical flow time ) Tes &, 7o o8y iCBE2MHO—2OXW N & LTERT
2, RAFZEZNE BRANMITCREARKORELE L THBOERE Y, ASXORNTOEELZT TS
KR —iETL S 2RMTLH D,

ROSA — I B TR AZERTRTRETICEL , GREMEZRD ZIEDESOBRIE THD
5 1.8 2 kg/cmPabs - THLM G, WBRFT - 205 DEHERLGRZ AN - TE AR E
T, CAARMICIG, FEXNOEEREICHART oy F 724, TR LHEFoIn
FANEROLICOD, FNFNOHNRMBELLCERDSE (Fig. 43 3) « ZOEAWERE T,
DEBIIEAELNT ENELS, BT E0 H/H, 0251 ETLEH0HEEMN, 2080
HEAEAFETEE - LT ho- 24 FTLEDLNEREC LK, L9 0L6DD2 BICREFAL THAEL
e E, T EERMEERENEAEICEECERT 2RTIETO, OB, B
Sk - THAREN B Eh 0T NI + U7 « TLRGENHEDOEOKFOE N, I
TEELLBEOTHS, T THEAFPLFEO NBEMICET 2 BAVECL ETOBRBBEDEHR
LA OKTOBOD—2THb, COLIICHANKE D PREBICENT L LS, BRARKBBICESE
EHZ AEBHNHBEICTRINEROFBENICIEELS I THIE0. 208, £ LTI B TA
PERTER S LISk - B CPAGIEEN TS & —BMICEASH T V. E0EH ST
AT, AMICRERA UBREMES: L TEZ SR EoREN S0, Bl DROEEICE L TR,
AEBOFHERSALITEK OGNS HAH, = 0408 3IE L5 82 FiclUnp| L THAGEREICZEE

BZBZCEWWNA, oL chid, H/H, 8D OIERIC—RMRILa 2 LHE L XDRRTH Y,

—MRTHE L

Ter= @DV “VH/H 4 (4.3)
L1 %,
COXHIICHMBEABTRICET 270 w8y YBRUCER LR 26 b T 0RO FIBMTY
<, BMABBRNOEESER R - BSICHREL T 2 BROEEOERT, SBREBRNICH L,
LTI ~&RAEERLLTHAS Do

_83 —
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49 EE-HEGE—ARRRORR
—BERE VTR, ChE TR0 ohoBERP T Ungs sntnan EEFRS SBER
WO B D E (LA B —BRIT FEASEY SN TORL S, WThd, 1 ~2 Y OBERRERE
KEMOEEEATE &0 S FEERALTO S, C0R®, HEECRNYHATERSEEURE
oEnicERLESETEE, £LoRENET L
AT,

(1) VR IHEHE

(2} FEH MR

(3) ML R

W) ACEEE (EAHOREL R

(5) B IEHFHy

D5 HOERFEEIC b & T BECHEREO—ROBE S, TOEROEREERRICO DT

2. fib, AHTREEMTEANELTOSS ARTENLFEERR—RECHLHOEDT,
O M DR OB MDA D S A TR BFMICREEL AL EATEZ b0
TH He

421 K@l
[t BRI BT, R X - BT FR

1 d
L] f2 (o)
Po e

2g

5 rURES oS (ST o EERERE

E—E»xi—-t-——'o (4.5)

p r
%%inﬁsﬁ%m%ﬁﬁﬂP@QW&,i%ﬁﬁG@i%&@%@%%%,dﬂ%wiw5C&ﬁ?
%5occw,umﬁﬁ,rui§%,xmkﬁm,PMi%EW@®Eﬁ%§?O

C®%%M,Fgo434®@ﬁmKﬁTJ5K,%E%@Eﬁ@@ﬂ&5@&66mﬁﬂﬁ%ﬁﬁ
m%%ﬁ%ﬁb,@kﬁﬁm%ﬁéﬁiéo@ﬁﬁx@EM®ﬁﬁu%mﬁmK%mb,%&ﬁk%@
SAME BN TOAEEAETH S,

w4 FisE OB ERIBTY B Hici, SO

AG = Const

ARG X, 20T ARKBHEKETS S0 |

%mﬁmﬁwfu,L&@B#@%@ﬁmiﬁfﬁm%ﬁﬁ%ﬁ@ﬁﬁif@ﬁﬂ@ﬁm%&ﬁ?é
c&ﬁﬁ%%ﬁf%éﬁ,:mﬁ@%ﬁm,Emaﬁzﬁf&éﬁ%,6&@%%ﬁﬁﬁ%mméoﬂ
e R R T A B R, BHEOBAIE S > TH
1) HEEESAA X — AT AT
Fgu435mmﬁ?x5m,dZﬁH%ntzﬁﬁ@ﬁxﬁ@%ﬁné,%m@%m:mﬁm¢@

(4.6)

ﬁ%mﬁ;ﬁﬁﬁmﬁwf,%n%nﬁﬁ®ﬁ%ﬁfn&
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X dug 1 dx x dp x-

X X
—ug— +— (g —upug—+-——-—F —— Fag— —F =0
g ¢ dz 24 ¢ f dX rg d2 71, 1 g oW
_ (4.7)
l—x du 1 d(l—x) 1—-x dp
uz—t+"— (u[-ug)ug + e
g dZ 2 dZ re dZ
1—x 1 —x .
- FLa — Fiw =0 ' (4.8)

i, xid2 VT4, FIFAHMAGICE CEED REOg RESH, £HH, GL1IE
LA B F T B, GW I ESHEDSTED OZFH S, LGREMHBESXALLEZT S, LWL #
HMMESENOZTT AT EERT, £OMOETRERKOBALAKRTS 5.

(4.7) (4.8) oA dZ #FL, H«mAiGEnid,

t 1 -x

X
—d ixug?+ (1 —x)uft+ (— + ——) dp

X 1 —x X 1 —x
F(}[, + _—FLG) dZ— ("""‘"F(}w+ _FLw)dZ =} (49)
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b JTead (xS, + (i—x) Sgi =0 | (412)



e et

JARRI -M 6318

&%HéoccmTﬂ%ﬁﬁE,Smﬁmﬁﬁﬁtwayhue,Jﬂﬁ@&%ﬁ%f&éoim
WFO sat (ZHRER T,
LpBiC, #hgo—EFkickn,

1
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E

CnEES TN,

g (1=x) uf ) +J{xhy + (1=x) hgl=J{xehg + (1-x,) hyo)
. ;

(4.15)
£21C %0, hgyr hpolds BREEMIEETZ7 + )7, BIMIYSLE, BRI FVERTL

Nt

(415) KRid, ﬁ@]liw#f&lyﬁJUE'G)WﬁS{%ﬁ‘.gn%C&%ﬁb_ e M DL R — A JE
T AFERH T A ;v#{%f;ﬂu;c%(}o@ B C BTSN RTH Do .
0 BEBRE~LVZ—AFBIRFR

BHEOBAD (44) RICHET S, b5 DDA R -4 B TR FRELT, FERBEOR
%§<cFmo¢SSW)Kﬁ¢;ﬁK.dZﬁH%ﬂkZ%ﬁ@,@%mﬁE@a,ﬁmiﬁﬁzﬁ
A DESE S LOHERIICOVT, FRENEHORE LT,

g du 1 dg £ dp g s
——ug—g+~—(ug-—u,1) ug—+ ————Fg, — —Faw =0 (416)
g dz 2g dz ngz rg Tg
1—4 duy, 1 ' d (1-8) L—Ffdp
ug—ﬁ'f’" (ug—ug) ue *
1-8 1-8
- Fre — Fiw =0 (41 7)
T Ty

Crit, PRESEREHSAT KA FRaBLU 74U T4X & D&,

drg X
- = (4.1 8&)
drg + (1—a) rz xt(1-x)R
TEENE, T, TNOHRIE,
u .
R=—5 (419)



JAERI-M 6318

(416), (417) RiCdZEFLT, Bamiad, 51, fFH=RIEAOHLE
dFgr + (1—a) Fig =0 (4.20)
BLU BERIOERN
Fyg = ¢ P+ (1—2) Fry : . (421)

Bl (418) AEFAOTEHEINE

1 1 -
—d {ful+ (1 -8) vt} + (—£—+ ﬂ)dP
2 g rg 7e
1 —_—
_ @E_+ ﬂ)pwﬂz=o (4.2 2)
T g TL

pELoNL, (422) ﬁ@Eiﬂ%Sﬁti%fg?ﬁiCiéli AFHBERT BEERICLLEDHRED,
LEABFETICHT 2805w £70E, (422) ABRDESTERE S,

1 1~
—d {fu+ (1= 8)uf }+—(1-£w)(—g-+-——4€) dP=0 (423)
2 g Ty Ty
ThEEMT L
1 1-
——%&g2+(1—ﬂ)uﬂ+j (I—EW)G£*+——£)dP=O (4.24)
2g Po . Tg rt

(424) RS, BERBEBEDO~LR AL A E¥RTHBo

LT AT, (422) Kit (49) REFRK, EHOIAAFEENT A EDNOIEEES
ZLTRVEY GEREEDRTH DI, RETILFEABELIALFREDORI, £
CERT S C LIETEIO, £OMEERICHAT S, |

THBETIE, —MIG SEOTORH BT Fig - 4 3 FhICKREREO A ERICER L 1 &
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Y74 x, RILTTo» b LIKERE, Fig. 444, Fig. 4451017, $7, Fig. 44613
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W=CA { 2g7w (Po—Pb) | (455)
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THEZONBETH L, Tbb,
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FOME Fig. 44 6DFNEE, PDTFRENEZEIC HBAOERO LTIl - 20 L HENS 2,
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KEEEEEBLRETCEBERL N5

ZOD & D 15— R B R B M O RENMBEEE LT T 2 201 BAM®, BURST ®, WHAM
8), BLODWN — 2892 D3t o — FSBR XN, N0 ET — FREAOERT — 2 LD HE
TOEMAEE F0BS, HEBMICELTRIL TS, BAM® ( Blowdown Approximation
Method ) B#/NEDREPENALE T 2RO MROOE. BRI L - CHERPEE TS
MAESUE—ENOEHENMEZTEL T B, Lichi-T BAMRBEHARA, T b5 5E THE
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FHELAHART A0 T HERBEDTEGAETH L, UL LEHRICLAERTEO, HEH
BRENCELEDRENS B, WHAMS( Water HAM mer ) (2JFHK O S0 BESHAEOT
HE AT 6 B TR N, BIKICET 2 8k o EEHFE LA The method of
superposition THHN TS, LB - THEOHRDFENEZEEIL TE SN . GEXPOE DRI
BTICIEY T L L WHAM IZRASEER. BIMUNSOMASE P, 4 ) 7 0 Z2EA Hih
FEOEEHITOOTEELTOEDOTEE LA, BLODWN — 2 @ (33858, #E), HLU0zh1 0
SESTERLE GRS TR C ST O RBEREERSOKRADINELIE T 5, BLODWN- 22
REMBIARO AL LTRANBTAROHRELTE 2, LAL 21d Westinghouse #L TR & 1L7-
bOTEOFRMEEREAFTTERD,

Z.Z T2 ROSA Frijco——>& L ThiZE L fo RBAMEIL N O — IR AN OTARDIE 7, i W,
Tk, BEOL{BREAHET 22— F DEPCO ~ SINGLE i DTt~ 3,
441 E@HER

PWR — % # 15 79 0 FE R PR 505 75 1 K 00 A B RIT. O W07 T F 300 (0~ 61D R T REA L oo
(1) 7Ef 1 TR R DORA.
2 FEORIBES IFHRE~DBD A DZEB LI,
(3) FRERMTAIREASETAEAL T A ST,
4 MEBEOBESHRITMBRTS,
(5) FHKITEEANCE T v r o EBIRICHE S,
6) &S, KOTHRETRE—SHEFLVEEMNT S,

HEM~ICE D SESHEIEMAOCEET 2L « B » 22 Vv FREGETEIZENF0 (457) .,
(458), (459) R&wa,

—

dp 3 (ou)
— + =0
a1 ax

(457)

_f_+u‘_m+-_—:0 (458)

9 . 0 ) . 0 9
(Cy . ) (C., )+E“.il:o (4.59)
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L THEE LU T ALFICETZARE (457), (458) B 2hoB¥EoLABER
Ltz (4.60) HEMEBH, ®

d 1 7] 7]
u+ P Py_ (460)

LfzdoTid ~x®42 (458), (460) X&fn, chidp{monitd icRAREHS
FREATFORITEEGE L nSEmBoFRER (46 1) BLUEMERER (46 2) &5,

dx
—) =utc (461)
dt Iu

pc (dwyy + (dp)p =0 (462)

(461), (462) RTHEFL, LEENFNES LVAOBEH ALY,
442 tkfE

BB (46 2) 105 - THRIKENEAEEHET L HRROBE L EEOHBLES 2.
WHAM 2 — FTR AL DEII—EE LTV 2570 2 TRREGICR~7 &5 ICHEBESEL Y +
TEEMICESEDE LTEOEOEEER Lo Th 5 ERFKIC DU TR M E
BYLHEDFAT 2 b B Sepi— T IR Lo DMELHEIT T4, S 5ICHED— KO TARRE AR
RETRHEG KLV E—AEEFLTHED S (463) RCLVER7 + V74 x %KD (46 4)

LI L OHEE pm ERD B

S =x.5,+ (1-x) S, (4.6 3)
0 =d. o+ (1—-a) p, (4.6 4)
FRES-KOE—BAENOEE C, 2 A - Mallock ®X® (465), (466) ick-TK
Hize
Kmn
ct, = — (4.65)
o )

(4.66)

1-x «o 0,
(4.63) ~ (466) RTHRYs THMOELGREL, widBIRKREARL, KRAREHE, «o

A4 FRERT.

4.4.3 HimRRE: & BR S
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(1 ZE5HREN

HHBROFER (46 1) LEHFER (46 2) i1, 52840t =TKBTFZp, u, £, ¢
DVHEREH 2B NL D EOHETRHAONTHE O O E XM/NELB Lt = T+ 4 TICBET 3 p,
u, o, ¢ ERWHEEWHD, Fig 45203 CHEPEELt =T+4TLos A, B, C
AREit = THOPHICHEAT A A& T2 L PAAE I BMMMRT, TIRABCLoEhEnR, S
ATRbL, THHEHEHBBOAMBALNIE (46 7)) AT5A 050 TAR, S O x EER
(468 RLDKEB,

I _
CBAUB +CH

(4.67)
Cg = Uy *CH
t, —ty = (x, —x3) /Ch )
' - (468)
t, ~t, = (x, ~x,) /Cy

Ugp *u, * Py * P, BAESKIE-T (469) ADESiICkFE2OTRBE~&Eu, + P,

s

IR (46 2) £ (470) RAEMLZETHONE, 1oL A =CI" (4t 4%x)
ug=up (1-8") +u,

I I
DR.ZPB(l_ﬁ ) +pi

1 1 ; (4.6 9)
uS:UB(l"ﬂ)“I‘uC ‘
ps = pg (1 —ﬁH)—%pg J
(pc)g (u,—u )+ (p,—py) =0
Tl e T R P (470)
Um)B(upqu—;@p*pQ =0

ZDEHICLTEBE~N&xp, BRELEp, » ¢
@ RMrEEEOESS
PATCHEDONAMMIETA L XRHEIEIARCORRET 2RAEADBRGFLAEETAC LiCk
NEFHEESRE B,

344 2] TaR~pEdILTRE S,

IS

(pcigluy,—uy) + (pp—py) =0 47 1)
(pc)y (a,, —u) + (p,—pg) =0

A o u, =A.0.u (47 2)

LU BORBTPR

LT TUpy» Upy & A . A, BENENP AL OFUEE EWMEE RS,
(3) PAgLIR
SN T IS O Th LD THMEIIZ (4 73) Rk - TEHE s 2,
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(oc)y (up'—uR). + (pPépR)_ =0
u,=0 | | | (47 3)
O {50 ' '

WS TOFHKDE NH 5O FEOEER PRI ARBEMEBECET 5 BERICR S IEEL T
TR bbLTINETOHE I~ FTREMBHESNENTO D 1. TUbb cnETOR
WO — FTIRBICIRES ISR T AE AR LA 52 T B, DEPCO - SINGLE T3l > T
w<0m®%ﬁ%?w%@ﬁbto@ccfu%m%%%gntﬁﬁ%fwmowtﬁ&go

A7 4 AAEBBTLHERC TR - 45 3URTIHIRKENRTAET S, LicH-TThD&
XA Y7 4 2AFHUOFE DA FAOBEMIE D Psat - SIRETEEAY 7 4« AEH ELROBBETHLED
LEIERREA Y 7 4 AR AR TARD ERED (47 4) RO I KL S,

(pc)fu (1. THAT)~uj—{P, +4P—-P } =0

P ' (4.7 4)
AP:GEHZ(L T+4T)

' 1 :
(474)ﬁfﬁu74z@%%%ﬁ(m%ﬁﬁmﬁw%émﬁﬁmﬁﬁﬁcs:(z—l)cwy—
~156) #8AT2T ] - W . Daily® S 0HFEFRAEE AR NS, TH 5 Daily Hilinid

2av

u’A

{={(, + (C: +C2) (4752

z & T ¢ : Inertial Coefficient » cz : Measure of deviations of boundary resistance and flux

momentum due to unsteadiness -

a: Acceleration of fluid - V : Liguid Volume within Control surface -

A ! Conduit Cross Sectional area .

crrey WA 74 ABBOK AICLORE O 2 T} Daily DR T — £ OB UK
(citeg) =26252+0921-6986iTk -7
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D BUR TREAR EZEE T2 B TEIT,

45 MEIREEEORN

ROSA - 1 B ic B0 2R EOEHORTHERICD>NTI]R, 34 THL (B UL, £
@?—5§M$@<,?Hﬁﬁﬁmﬁwfﬁﬁfb%ﬁﬂéﬂé6®TMHPOLtﬁof.Cﬂ%@
F— g SEENLEREBLC IR TH L MK, To—g 0 oA BO#EEIK
omf,%(@ﬁﬁéU%&?c&mﬁgéuﬁm?m,ifmxA—Iﬁ%fﬁ%ntf—ﬂwﬂ
WAL, RICZHAELPICHTIEHT, STOEEEWUAD,

451 ROSA - T & R7— 2 ORK

CROSA-T HEBTE, 34 1 TR~ LD, Fovhz—L R LFabsr—~n o) 277K
HEATRED, »oIRITE - TMASEZEOHDDF RCV — 2, 3£ L. X BTl &k ics
HIBREROS L HRBE LB, 70— 29 VBRICEOTE, TH7 v+ 48 LFELERSEO 4
it B0 LichiaT, HEBEHLE LT, HWRATOT WEBNORKDKEICHNE DREI05 0,
BB AT B EAGE & R E DR AN H 245, I HIERICK RO H KR Y, BIEEEoR A
LT HIZTTH T, FLIBOR « REMNELERINICEZ DTN, CO/AETHLIZLET
Fig.327~Fig. 3340 ROSA-T1 BEBF—#2MrLTHABEE, LTFIZET LD, D
OB B HEERSRE L EBRon S,

() MEECHB &R S0t

60 1%, 903F CUHBHE®TS sec LHE) , 1020B0F—4 Tt 70— &9 yORfT
P O INBE G 1L LS, ERBBHEOR T — 2 LEERIC HHRHREPSOHEMICL S, &
HHTW- D LARERANRON, COBONE EHIZ, ROSA -1 HBBiEH 0T, &
o ot 2w, XE @ LOFT — Semiscale Test ¥ oGt b ®mA s 05,

FHMILEARE LAY, TN THARBE LRI -HLTBTLTRAERAEADHEN T—56bh
B4 LTRERBEORTIMEL ZENE Y, —EF02 3 TWAORICERTLZET, DB
BrAIXITHLEMTEL, ELEZDOREELTH, BEErHhEN LICENL T, BEXTK
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Table 4.1 Discharge Coefficient for the ROSA-I
Data Used in RELAP-2 Code

JAERI-M 6318

orifice Initial pressure kg cm®
diam - ) -
am 40 70 100
mm ¢
(% area ) Bottom break
25 *' ‘
- .21
(051)
50
0.8 0
(2.04)
T0
090 070 070
(4.00)
100 ‘
075 | 065 0.6 5
(816} i
B i
125
: 060 065
(128 i |
Top break
T T T
25
065 ‘ 075
(0.351) i !
50 ;
NI
(2.04) :
70 i i
: 060 060 |
(4.00) | i
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Table 4.2 Discharge Coefficient for the ROSA-I
Data Used in RELAP-3 Code

Orifice [nitial pressure kg  cm’
diam - 40 70 100
mm¢ Bottom break <1 Vol . model >>
25 | | 1.20
50 o 080
70 - 0.85 0.73 0.7 3
100 0.73 . 0.63 0.6 3
125 0.6 0 0.6 0
Top hreak << 1 Vol - model >
25 060 0.6 5
50 | (0.60) (0.60)
70 (0.553) (055) (0.5 52
Top break <2 Vol. model >
25 075 0.80
50 0.65 065
70 0.610 0.640 0.60
Top break < 4 Vol . model with core >
25 : 0.8 0
50 : 0.6-5 ! .65

( ) indicates relativelv large discrepancies with the

experimental data
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Fig. 4.4 Comparisons between the Measured and the
Calculated Saturated Pressure Transients to
Confirm Saturated Condition
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Fig. 4.5 The Calculated and tne Measured Pressure Transients
for the Test With the Lower Initial Pressure
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T x
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280 orifice dia. 70 mmé
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R U —
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Q
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F 120t
80
40}
0 L i | | | L i | [
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Fig. 4.10 Comparison between the Measured and the Calculated
Saturated Pressure Transients to Confirm Saturated

Condition
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Fig. 4.11 The Calculated and the Measured Pressure

Transients for the Test with Similar Initial

conditions to Currently Operating BWR Plants
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Fig. 4.28 The Calculated Transients of Discharge Quality
for the Bottom Blowdown with Various Break Size (#2).
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|2 b\ﬁ, Bottom breok
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- _ Cy =
- 1'0&0 T ]ROSA
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o
S
£z
(&
2 041
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| |
°5 Gor 008 6,03 004 605 006 007 0.08 Xg
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Fig. 4.29 Discharge coefficient vs. Discharge Quality

Relation.
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initial pressure 7O kg /em?
orifice dia. 50 mm ¢

Experimental
{(# 801) normal water level
(#1010} low water fevel

— — — RELAP-3 Cp=065, V=10

{ton)

1

I

Liguid mass

2Vol.

0 - — 1 I L
o 30 60 a0 120 150 ¢

Time {sec}

Fig. 4.32 The Calculated and the Measured Transient
' Water Inventory for the Top Blowdown

Tet

500+

100

50

flow time (sec)

Critical

10+

10 50 100 500 D
Break diameter {(mm)

Fig, 4.33 Relation between the Critical Flow Time and
' the Break Diameter for Various Elevation of
the Break
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(1) Fon-Compressible Single-Fhase Flow {Gold Water)

(2) Compreasinle Single-Phage Flow (Air}
(3) Two-Fhase Flow (Stesm-Water Eixtgra)
1.0

05

6/Ge

(9] l
o 05 1.0

P/

Fig. 4.34 Relation between Pressure and Mass
velocity for Liquid, Gas and Two-

Phase Mixture

W ® ® 2
] Y4 , " @
Lbid s LSl L Ll
Vapor
= Ua +dU, .
fomets " B+08 | [~ugtdug
-'-‘-'-
[ —
Liquid e
= tlg +dU Uy~ }1-8 -
g tdug ¢ (" A grag) { - ugtdug
7 7
P P+dF

(2) Based on Flowing Weight

FPig. 4.35

P+dP : -]

(b} Based on Existing Weight

Modelling of Two-Phase Flow in a Pipe Based on
"FPlowing Weight of Fluid and on Existing Weight

of Fluid
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Fig. 4.36 Discharge Nozgles Considered
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Fig. 4.37 Relations between Pressure and Vapor,

Liguid and Total Weight Velocities
along Flow Axis
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1.0

Ry =600 {kg/cm2 abs)
09 b Xor 010
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0 ) i ) 1 1
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Fig. 4.38 Relation between Pressure and Quality, Void
Fraction and Slip Ratic along Flow Axis

x1d
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0 I It i . |
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Fig. 4.39 Relation between Pressure and Weight
vVelocity with Quality as a Paremeter
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1

0

o

1 0.1
Reservoir Steam Quality X, (=)
Fig. 4.40 Relation between Quality of Reservoir and
Critical Weight Velocity With Pressure as
a Paremeter
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Fig. 4.41 Relation between Critical Pressure and Critical
Weight Velocity
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i

» RUN 703 410
o Fo= 70 Kg/cm?G

2 D =70 mm @

2 ousl

5 Bottom Break

:'_-:'f .

a

g - 0.0
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& .
& oof -
A =
= ;
[} =]
- =)
> o4
z 2
E d
3 oosr :
§
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3 ~-0.08
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2 . ,

% 1 12
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Fig. 4.42 BAn Example of Transients of the Parameters X, B, M

for the Bottom Break

RUN 802
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D= 50 mm #
- Py= 100 Kg/emiG
S 1.0F Ho.
&
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8 ]
5 —
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a L
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A o
- -
1 QﬁL- g
- H
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b
P
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Fig. 4.43 An Example of Transients
for the Top Break
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D=25mm ¢ x RUN TO1
o RUN 800
i5¢
l
~ L
 k
Vg i
ﬁ X%
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gror,
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e x
§ ' ® ox o X o ox
) o o ‘ °o g o
E e °°oé’r9 e o0 g i
H . )
3 osl-
fe) ! - ! | -
0.8 1.0

0 0.2 ) 0.4 086
' " 77 Reservoir Stesn Quality x, { - )

Fig. 4.44 The Measured Values of the Discharge Coefficient

"Eo;"thé Diameter of 25 mm

D=70mm & x RUN 703
RUN 904
1.5
O
vﬂ
» 1ok
% 1o}
b
B x
S ¥
8§ %
]
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'g c © o e °
a .o [+ Bo o
A o5 & o0
0 1 ) 1 1 1
s} 0.2 0.4 Q.6 0.8 i0

Reserveir Steam Quality x, ( - )

Fig. 4.45 , The Measured Values of the Discharge Coefficient

for the Diameter of 70 mm
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© D= 25 mm #
&
bjj —_ 50
Hos 70
= 125 _
fo] 1 I | i
0 0.2 0.4 0.6 0.8 1.0
EEBEB IFIFL X )
Fig. 4.46 Two-Phase Discharge Coefficient for a Sharp-Edged
Orifice
[
D=50 mm @ RUN 1006
{ A ATHA)
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|
| 1
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Fig. 4.47 Two-Phase Discharge Coefficient for a Round-Edged

Orifice
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Fig. 4.52 Finite Difference Method of 1st Order
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Fig. 4.53 Discontinuity of Pressure at the Break
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