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Abstract

The current regulation requires utilities of light water rector (LWR) to demonstrate reactor
safety in "anticipated operational occurrence" (AOO), "design basis accidents" (DBA), and
"accidents with the potential to cause a major accident". The utilities have applied conservative
evaluation methods for AOO and DBA in their establishment permission applications. Recently,
however, there has been a movement toward the introduction of best-estimate evaluation using best-
estimate codes that can realistically predict plant behavior during accidents.

Although it is necessary to appropriately consider important phenomena that affect
accident behavior when performing best-estimate evaluation, there are some important phenomena
for which there is a lack of knowledge. In addition, in order to apply a best-estimate code, it is
necessary to conduct verification and validation (V&V) to demonstrate its reliability. Furthermore,
in order to evaluate safety using the best-estimate evaluation, it is essential to use BEPU (Best
Estimation Plus Uncertainty) method that takes into account the uncertainties included in the best-
estimate evaluation.

In this study, three items were carried out from FY 2019 to FY 2022 regarding the best-
estimate method for accidents before severe core damage. In item (1), "Understanding and model
improvement of physical phenomena important in accidents", we worked on acquisition of
experimental data and numerical simulations of experiments to understand mechanics of physical
phenomena and improve evaluation models for accident analysis. In item (2), "V&V of system
analysis codes," the V&V process was practiced by selecting tests for validation of system analysis
codes and conducting simulated analyses of the tests, and the issues involved were discussed. In
item (3), "Advancement of BEPU method and its application to safety analysis," we studied the

quantification of uncertainty, which is one of the issues of the BEPU method, and investigated the



application of the BEPU method in the United States. The thermal-hydraulic experiments conducted
in item (1) were commissioned to Japan Atomic Energy Agency, Central Research Institute of
Electric Power Industry and University of Electro-Communications, and were conducted in

collaboration with Waseda University.
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Table 2.1.2 Conditions for ATWS simulated experiment (4 X 4 bundle test)
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MP 2 o ERE  |aw aw) | 0T |mmmss H
(MPa) (kg/m?s) Eh#E) (kW) (kg/m2s) ZEERE (Hz) BRI A
AP (Mpa)
ENEWBE 24,1 | 200,500,1000,1500 | CHF. Post-BT | 0.165~09
HAOZEBEE 2,7 500,1000 CHF 100~1000 0.07~0.4 0.05~0.3( K #x1@)
FEEDBE 2.7 500,1000 CHF 10200 007-04 | 0.05-0.3(A1518)
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ENAREAEMBE | 27 500,1000 CHF. Post-BT | 03309 50~150 0.062-0.39
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Fig.2.1.5 Time series of measured parameters in pressure+power variation experiment

(7 MPa, 1000 kg/m?s, AP=0.9 MPa, Ax=0.6, RODI)
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Fig. 2.1.6 Relationship between area-average rewetting temperature and rewetting speed
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Fig. 2.1.7 Relationship between area-average rewetting temperature and rewetting speed
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Fig. 2.1.8 Relationship between area-average rewetting temperature and rewetting speed
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Fig. 2.1.9 Example of rewetting in pressure rise phase and pressure drop phase
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Fig. 2.1.10 Relationship between area-average rewetting temperature and rewetting speed
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Fig. 2.1.11 Comparison of measured and predicted critical powers
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Fig. 2.1.12 Effect of spacers on critical heat flux (high pressure single tube experiment)
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Fig. 2.1.13 Effect of spacer on droplet transfer coefficient (high pressure single tube experiment)
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Fig. 2.1.14 Factor classification for developing an advance cooling heat transfer model
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= 2.1.3 EEEARR ONVERSA

Table 2.1.3 Equipment specifications and experimental conditions

HEIE AR
TR S 11.2 mm
HIERBRTO 1 Lo RE X 15.0 mm
(EEFOUS SYES S PN 6.2 kW
B S 600 mm
AOEX 100 mm
HAES 200 mm
INEABR AR AL IE D & 5, 60, 110, 165,
ENFE L 225,285,335, 385,435, 485,535 &
N 585 mm DO)LE
FEERIEAT:
KRR = 4-30g/s
AR A ) 0.1-0.5 MPa
AR 7R SR fIFIRE +~30K
Kt 0.11-2.00 L/min (1.8-33 g/s)
PSR IR ~90 °C
MBI (5 2 BAE X)) 150~400 °C

) S50k 17
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Fig. 2.1.15 Advance cooling test equipment
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Table 2.1.4 Conditions of heat transfer experiments

W, [g/s] Wy [g/s] Tini [°C] Grot [kg/m?s] | Xin[-]
Case 1 5.6 407 61 0.71
Case 2 4.7 419 85 0.43
Case 3 4.3 427 150 0.22
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Fig. 2.1.16 Heat transfer coefficient of dry surface near the tip of the liquid film
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Fig. 2.1.17 Entrance effect due to temperature stratification underdevelopment effect
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Fig. 2.1.18 Result of scattered droplet visualization
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Fig. 2.1.19 Spatial frequency distribution of scattered droplets
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Fig. 2.1.23 Experimental apparatus for droplet flow measurement
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# 2.1.8 COBRA-TFICEA LB R I A 70 hROY U xy MIETHET L
Table 2.1.8 Model on liquid film dryout and rewetting introduced into COBRA-TF

CTF original model Implemented model

Criteria of dryout When T, > Tcyr; When & < 8¢rit;
Teyr is evaluated by the | . is evaluated by the Chun et al.
modified Zuber correlation. correlation

Criteria of rewetting | When T,, < Tcyr; When &8¢ = 67t
Teyr 1s evaluated by the | . 1s evaluated by the Chun et al.
modified Zuber correlation. correlation.

Entrainment Waurtz correlation Sugawara correlation

Deposition Whalley correlation Sugawara correlation

Hi#) J. Kaneko, A. Satou, M. Sekine and Y. Masuhara, “Validation of mechanistic dryout and
rewetting model based on the three-field model with single tube experiments”, Journal of Nuclear

Science and Technology, Vol. 58, No. 8, pp. 918-932, 2021 (LL'F [&& 3k 251 &9 ,)

Yes Single-phase vapor
convection

No

Selected as an input option

Tcyr is evaluated by the
modified Zuber correlation [19]  CTF original criteria Liquid film criteria

No

6.1t is evaluated by the
Chun et al. correlation [9]

Dispersed flow film
boiling

Yes

No Transition
hoiling

Regime between
Inverted annular film boiling
and Dispersed flow film boiling
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Nucleate boiling

Subcooled nucleate

iNo

boiling
Inverted annular film
Single-phase liquid boiling
i convection
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Fig. 2.1.37 Criteria model on liquid film dryout and rewetting based on liquid film thickness
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Fig. 2.1.38 Analytical model of single-tube experimental apparatus using COBRA-TF
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Fig. 2.1.40 Comparison between experimental and calculated results of rewetting velocities
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Fig. 2.1.42 Axial noding on 4 X4 bundle experimental apparatus using COBRA-TF
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Fig. 2.1.46 Void fraction measured by gamma-ray densitometer and void probe
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Fig. 2.1.50 Comparison of the developed mechanistic OSV model with Saha-Zuber model

\ —— Saha-Zuber
+ Present model |

10* 10°
Pe

(a) St & Pe DR

(b) OSV HFICH 1T D ATsus D
H) E S RFE NERGEE K, 5 4 FEERA SR TRk Rt =
B, BFSHE (LT T&2E3CH 35 &0 o,)

T T 7
/
+ Pe > 70000 s
10%F X Pe < 70000 e
7/
o) Vd
©
[e]
IS &
g X
8
o
[0}
<10t
2 +50% , 4 57
m 7 7
? s 7
= ’ ‘
< s 7
V2 '/
Vi -50%
/ 7
//
0 ! L
10
10° 10" 10?

ATgg by Saha-Zuber's correlation

2.1.50 PBH%E L 7-MEKEZSH OSV &5 /L & Saha-Zuber OFEREC & O L

65

AHRAE O b
(KJERE Y7



T 7 7
O Tube 1259, O Tube +25%, 7/
© Annulus // // © Annulus // g
O Rect. Vo e O Rect. o 7
Q~25% 7/ ~25%
v v
107" ° & S 107" °8
< 7 o3 o
- O] _
8 O 8 OO
= 5 =
) w0
o] o
X Novsl X e
-2 5 -2 o°
10 °r // 7 10°°F ///
/& 0,
Ples &7
-4 No. of data = 232 /, // No. of data = 232
v MAE = 45.2% o MAE = 52.4%
07 v
-3 , , -3 , ,
10 ™ - — 10 7= = _
1072 107° 10”" 10° 107 1072 10”" 10°
~Xosv.exp ~Xosv,exp
(a) Saha-Zuber (b) Levy
10° - 7 10° - 7
O Tube +25%// gt O Tube +25%// gt
© Annulus // // © Annulus // g
O Rect. s O Rect. s
. ", /~25% 7 -25%
1 D'%:' b ’ 1
10 E 10
/// = - ©
é 5‘:‘ § ©)
> n ®
3 6 Re S e
>|< o) © | , o)
-2 // @o -2 Yyl ©
10 °f / ) 10 °F %
P &8
/Gg gl
@99/ ghd No. of data = 232 ol No. of data = 232
s MAE = 47.8% Q7 s MAE = 21.6%
7/ s
107 7 \ \ 107 7 \ \
107 107 10”" 10° 107 1072 10”" 10°
~Xosv,exp ~Xosv,exp
(c) KET /L (FEERL) (d) AET LV GREDH D)

) 2235 3CHK 35
4 2.1.51 OSV sUZH T 28V 7 AV 7 ¢ OEBRIE & FHREO g
Fig. 2.1.51 Comparison of experimental/calculated thermal equilibrium quality at OSV point

® L

BRI Y 7 7 — B IBIZ BT OSV AU D A =X L& ERICHAT L L &b
I2, RA REFRFEORELE LT, Bonzmiz Hu CTHRIZ oSV THlET L
R LTz, BAR LIZET L EBEFEOMBRE Ok, AROERT —F X—2OFHLMH
MR % IE U CHFEL, BEfFD OSV EF L L0 LR RA FRE PR TE 5 oM 2
w7,

66



(2) COBRA-TF % H 7= tH ) 2 5 3B O F i g iir

BWR @ RIA FZIZEBWTIE, BEWEGEE) & L CTHIERE TIC X 2 M) aA RO /KT
HI7R R A ROFA B MA~OEFE, BEMEENEL, ZORELE LTHRA FRIGE T 1 —
RNy 72X MAMEINET S, ZOFHNICHBWTIL, BWR O RIA FLTHEIND
REY 7 7 —VERIETFTTORA REEZBEENCFHE T2 Z L NEZE LR D,

BEHER IR DT 7 F ¢ RV A — )L THRA REEZ G AT EE72 COBRA-TF!> & Fi\\C,
HHEFEEOR A REENCET 25 =S OB OB 217V, £ O THIMERE OMER % 17
S, —OHIIHMABFRORITNRRA ROREIZEH LY U AR A Rk
¥ ZOHBEANAY RAERROIBIRIRIZER Lz 2X2 S0 RAVHDRSERA R P, =
S BIXREHES RN O BT A BAH THE LR A RO AEIEICHEH L 5X5 A
¥ RV DB ARA R s Th 2,

O By MR 1 Rilbh

JAEA &N L7 e MR R TOM AR A RRBRoOMEBEE OB EA M 2.1.52 1T7
T3, RBEICBWTEONERIL 91T 9 5 A BBREHES KIS THY . E—F—E D
INEGERIZ 3T RIA REDQJRFTH R H ) B R- 2 S nufe, BRI, ms 7 RICBiT 5
RA RREOM, FHREE, EHROE —X —E L ONIBEDIREDFHREE 22 5, B
A5 (ERF D RIA ISR D IREHEA RN OBUK ) 58 &2 i 9~ 5 B g & L <. iAK
BT HAREER K Y 0.0 m/s 05 0.5m/s, JRAKY T 7 —VEE SKNDH 74K Thoiz, £
7. HMAOBFAFHEORRKE I 11.9 kW, 23.9 kW KT 33.1 kW Th o7, K 2.1.53 ([CHE
VRBRIR & fiifE L 7 COBRA-TF OfffT{A%Z~79, COBRA-TF TIIABRILR 2 — T
THEHE LT, FEICADRARER, EMICENRREZRET DL L L bic, MBI RR S
IS et &z 7=,

4 2.1.54 X O 2.1.55 12 COBRA-TF ORI 279, X 2.1.54 IZARH T 7 —L
FEA 54 K & KE VN SN23s54 77— A2 1T DR A REFFHORERAER L COBRA-TF T
RO TH D, bt —F =N HEX TN ORFRINZEE O TORT, K 2.1.54 TIX
INEGE T2~ & 85 mm KT 285 mm (281 HFER A RT3, WA 2T COBRA-TF D
FENTCIE 0.1 L CTRA REN EFEBBLTBY, BABHBRLY bRWEREZ2> T
%, ZOHHE LT, COBRA-TF OET /A TIEH T 7 — /LI L 5D OSV % BE iR A
FIFREIGE LREEHIE L TV DA, 77—V EREWRETIZY 7 7 — i OB
AR RLSFHMIT 2720 EEx oD, —FF, MBS T 5 85 mm TlE COBRA-TF Dfif
FriziBrcAabnbd 03 UIBEORA FROLZM R EREZFHE X, £/, B T
5285 mm THEA LEFNEN TS, COBRA-TF Tix, 7 7 — LEpERFIZBER 2> 5 DI
BED ) bARKERICERS SN DEIE Z7HE 4 % & & 612, Hancox-Nicoll D THAM L 7=
BEMLT S OREEAVMRZEZ BB LTS B, 77 —VEREWEGETIE, ZhbHETLO

REENISNRKREWNWEEZEZLND, K 2155 CAAYT 7 —)LEN 5K &/ XUy SN2f3s05
67



r—= AR B RA REREEHORERESR & COBRA-TF s RO ks 2 rd, 77 — v
JEN R WERR 7 — 2 L B 72 ) . COBRA-TF OfENTICHIT D OSV ITRBR L 0 {00 R0
DOBRERRBREE R L —FH L T\ 5, COBRA-TF DEHTICE T 2R A R EFOEAN
IZHOWVWTH, BMBRFER LD LORME NN SR REREITRY, BLEX Y COBRA-TF
21X, V77 —VEREWRICBIT DHNEAREORA REBO TRICHRERDH L Z &
DR ST,

oie— EHBIALS
<—&tRlSL4
e FHRIALS
e EHIAL2
el B RALY

532 mm

ﬁﬂﬁ!ﬁﬂ 310 mm

17.94 mm
>

€
-
I

TFH#F Lt L

HH ) AN ATEGE N B AR 7 DA B S As . TR 19 FEREI S22 m E LR EE (5
K& REBOK )12 RSN AY) (BT 2 E . Rk 20 4
X 2.1.52 MHAORFARA REEFIIET 5 B e 3 BRIR

Fig. 2.1.52 Single-pin experimental apparatus on void behaviors at the power rise
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Fig. 2.1.53 Analytical model of single-pin experimental apparatus using COBRA-TF
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Fig. 2.1.54  Experimental results and COBRA-TF calculated results of void behaviors

(SN213s54: inlet water velocity 0.3m/a, inlet water subcooling 54 K, heater pin max. power 23 kW)
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Fig. 2.1.55 Experimental results and COBRA-TF calculated results of void behaviors

(SN21f3s05: inlet water velocity 0.3m/a, inlet water subcooling 5 K, heater pin max. power 23 kW)
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Fig. 2.1.56 2X2 bundle experimental apparatus and its subchannel nodding using COBRA-TF
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Fig. 2.1.57 Axial noding on 2 X2 bundle experimental apparatus using COBRA-TF
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Fig. 2.1.58 Experimental results and COBRA-TF calculated results of void behaviors
(LW21£3s54: inlet water velocity 0.3m/a, inlet water subcooling 54 K, heater pin max. power 23
kW)
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Fig. 2.1.59 Experimental results and COBRA-TF calculated results of void behaviors
(LW21£3s05: inlet water velocity 0.3m/a, inlet water subcooling 5 K, heater pin max. power 23 kW)

@ SX5 /3 RAVH DA R A T G RBR 0O S2BR AT

X 2.1.60 \ZFEHHFCHEii S 47z 5175513 KAV DAFRE G HR A NEE RO R
ROMEZ RT 9, WBRKITEHEBEEE —% —a2 v K 9 REOFEMEA T » K 16 K HiE
EN, B—F—uy REEMETSHZ LT, RIAKOIENE RN NAT ZHEL T, %
DRA REBOERT — X DB ST, K 2160 121X9 KD —¥—a vy ROk
AT, BB, B 0.45m O vy REOH T F v V ROVEIZHAA RREZFEIT L7
DOTAY¥RAyvatrd, vy FIREKOVKRIEEZ G0 ©E 280Ext, ZEFE2 M
b, ABREE LTI, BiEEIEEFO RIA Z2EHET 57290, FAKGGHIX 0.3 m/s X
0.5m/s, MWHEIKIEEIX 293K, 313K LTN333K THolz, REBIKICA—VE%E LR
B VA =7 U O FRERDY T M S VT2 Y RN TIE A=Y 72 LORBREZ XIS L T 5,
2.1.61 |ZFABRIAD COBRA-TF DT IARICEK T H2F v AN ENHOWNWTRT, 22
T, —o0uy KOV 7F vy o xieay REBELDOY T F v o 22BN E L
2o 72 B % ak O FRBRAE e & MRATAE R O LTI AR A REE O 2 FfF LT VWL H I
B4 2.1.61 (2R3 K O ITHIEGEK — >, FFMEGE Dl oW TENREN L LT,

4 2.1.62 {Z COBRA-TF DFRERFFAT 1 A2 7R3, AMENT Tid. RAKIIEZ 0.3 m/s, A
AKIREEZ 313K (77 —/VE 60K F2E) | fie K] 238 kW @D No.2 7 — R & xtHR & LT,
B 2.1.62 1213 — & — B2 = O RFIZEE G 0 TORT B, 2 2 TR K
RICELEREZ 0B & ER LTz, R ENESAROB T RARA REIIZONT, R

R LR RICIIREREND D Z LR SN, BROEE OB L RIS
73

Power (kW)



7 —VEEDRS WS TIE, T IZEB W TINEVF v 2L dD OSV ITERBR L 0 b s, £
BORA FERORQ EFITIEFIT/N S0, ZHUTRTRD & 389 COBRA-TF D7 7 — L ilifig
ICEET 2 ET VORENS L —REBX NN, ZOfRRELToOr Yy REmMRE E
ADEGHETDLEEADOND, AT, T L Y77 — LIl END Z &
IZE D, WREAEEEBYREN < Z & BREE O OBGRAITIKNS . s Eve v R
EiXEY EALTWDEEIOND, ZOME. V77 —AWMERGE LTEZIZLVARA N
BN EFTDEBZZOND, 7o, FMET ¥ X ZBNTEH, B TIIARA FEO k-
HNBBIDD, FENT TIEIARA FRITFEAEEF Lo tz, RERTIX, MEATF v o %
JZBWTRA RRMNERHFICAER T2, ZOfRE LTINS A LIEMEF
¥RV HRA RBWMAT D, — 7, N Tl e » R THRA RBHESCIC EFH L,
ZORNCEENET D720, FEMBATF v > XL CTHRA RRIZ LR Lozt EZBND, L
XY RIA FRICAE SN D /TR MR FITE O BT AR A REB 2T 57201
X, BT — LB OB LR A RERD LR F AR O B BMEE A2 IS T
HZENEETHDLEEZEZOLND,

. 75.4
1[0 1 143 143 143 143 9.1,
A (e Rt~ i
: 4T L
@ | |1 Elh il aTa
8 . 2 ; T BN
- - ~ fua-
(o T " HOP@Or
- S i A / g | =
Ao e L —3eeee) y __m/"\/'}\/“"\ Ly
ot [ E8 1) NV ;
= @ oy mm | S
® 2>
g 8 TED @
ﬁ . o/ =
El 2 - ©
= . | 1
\'.
..

mEZoyrH ALk

HH)  — R R NE R mF2e i, TR 30 42 B TR 1 LT 2 e Al ot B 35 S il e AR
A RZEERARER. Rk 31 4 2
2.1.60 HWAHBHAREEG A A REEFZEES 5 5X5 3 RVERERR

Fig. 2.1.60 5 x 5 bundle experimental apparatus on lateral void behaviors at the power rise
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Fig. 2.1.61 Subchannel nodding on 5 x 5 bundle experimental apparatus using COBRA-TF
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Fig. 2.1.62 Experimental results and COBRA-TF calculated results of void behaviors (No.2)
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Fig.2.1.65 Variables exchanged between TRACE and FRAPTRAN
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Fig. 2.1.66 Comparison of calculation and measurement for IFA-650.4 test

@ 3 v—=7 PWR @ LOCA fi##Tt

FFRD % Z & L 7= LOCA WM N EMEAIRE TH D Z L AR T DI,
TRACE/FRAPTRAN-NRA ==— K% i\ T 3 /b—7 PWR @ LOCA fi##r & Efg L 7=, 3 /L —
7" PWR DT ET V%X 2.1.67 IZ73 7, RFIFEE#E >0 VESSEL 2 R—FR > F T
P& ZNPS 3T TETMEL, #i#F % PIPE 2 AR —x 2 FTHEHEL TS, #F
D& FT VESSEL =1 AR—3 > MIEREE R Z W TREHESIRZ L2/ — FaElIL,
RO &2 # 3 VESSEL 2 U AR—% v MIMFEEIER T/ — FaHEILTWD, fF.OIE 157
KOBREHES RN SRS, SBREHESROBEEZ Ry by REEHr Yy KD 2 7
N—TTET LT D=0, 2T 314 O FRAPTRAN 7' 2% A5 TRACE LA &S5,
#%u oy ROMBESMEIL, FRAPCON3.S # AWV CRlHi 217 9,

LFEOMENTE T VA2 HWT, KiEEr LOCA (IRIRIEE DX v F kW) DT 217 -
7o @AT LTCRATSAFIZ B WD TR REEORRHE 23 E 37 FFRD 7% LOCA fi##fTi2 5 2 % 5%
IXHER T & 2o 7275 FRAPTRAN & OFfEE LARWETR L O~ xR T 5 & & b,
BT bt RITRIT P RE R T L R T & T,

i

;

o

81



M ARR K
Do R P
: : S—

b gl
) - YWY
. FRAPTRAN

-
am>s VESSEL Component
@ = 2>
Sl -

S AR,
& iy? ‘ Yals o

@ 1SN J "% TRACE core with

= l N/ . *¢{ Cartesian coordinate

& pa & / ~
& : ¢ /

TRACE

2.1.67 3/L—7PWR 77 L OfFHTET v
Fig.2.1.67 Analytical model of 3-loop PWR plant

® &0

LOCA Kf0 FFRD MWZRMRMNTIC G 2 2 B2 3l ¥ 2 72912, FFRD £ 7 /L& fifi 2 72
TRACE/FRAPTRAN-NRA #f& = — R & BA%E L 7=, FFRD O] 72370 E 7 /L & s 572
OITHEEDOFIME T L2 RBIRATEE L LTV 5, FFRD £ 5 /LD Z Y VERER D=1,
TRACE/FRAPTRAN-NRA % HW 7= L5 ViR O R fRAT 21T\ BHEE T LB TR T
~ = BAT o TSR WEE A TE & FEA TRkl 2 €7 /L THRIEMIZIEWER B O D
Tl EMERELE, £, Aa—FZHWT 3 4—7 PWR ZFEHIC 7 — K%L T LOCA
fRAT 2 M L. FERE PWR fEMT 2 RIT CEX 5 2 L 2B L7z, 414, FFRD E7 VO 4
T8 % ke L C PIIMERE DRI, RHEN S OEB(LEZHED D & & HIT, FE LOCA T
T FFRD BNAEUTGAORBIZOWTHERTH TETH D,

(2) FEAIZEES 2 et

FERF AT DKL DME N U TREME S BRI % & BB IR E S ER4 5, £ 0%
DIEF AL EGR (LLF TECCS) &5 .) SIS X DK TRl e Lok 2 f ek 4
i 2 E YRI5 2 LS, REHICEE O EVERFIC S W TTHE L 2 D, HiEKiE
BICREWTIE, B HIC X0 @B b LZEREER LEam (722 F) 35T, Rk
LAERNITB W TIEFITEMERBUK DR 2777, R OREHE~ DS KM ORFEIZL D

WA, A=Y EOREY O REEOHEKOFHMICOWTII R MARS 5 LITF X
82



R, Fio, BE R OKEE KB RER A F RIS T 2 IF DRGE LR & UK A
el SN TWDED, BAKBHHOR FIZLVHEKINDGE, FEH OMHTRER CTIIKRMA
RENT 5 & & HIZIHEFITIREE O S THEKRNELC D0, TivE CEBRIF LA 20>
7=. —Ji. OECD/NEA I%, FE/KET NOEELDT=DIZ, Fededih R E L& % F x 72
VUNR=TMNLKRFO RBHT & 2 AW /KB 2175 RBHT 7y =7 k %
B B2, HEUTIE, RBHT 72 Y =7 MIYHINHEM LT Rk U7z e IR &
TECOREKRBRAIRE LT,

ARFSETIL, RBHT 7’1 ¥ = 7 h b IEFITARHE O S F % 5 20 RBHT fFriKiBR O E
BT — 22 WG L, ZOFEBOSNEITo72, £z, BEKBRICHT 22— Ko7
HIMERE 2 MR35 72912, TRACE & T¥ COBRA-TF % AV C RBHT F b 7K iR BR O AL fR AT
ZEME L7 S, £7-. TRACE O FEKE T /LN KBRS OFMIC 5 2 5 88 % ek
THIEOIL, Tu—F 725G L Uiz LOFT iBR O Wit 4 £ L 7=,

(O RBHT #iif K aliR

RBHT sABREE O 42 DL IR, PWR O 17X 17 BREHMEA KD —# 28 L 7= 7X7
2y RNV RAVBREBRIRIL, 45 ROMMEA e v RE O a—F—If@E T 5 4 KIEMEAT » KT
Wl ESh, 2—% 27Uy FTHRALNLTWD, M v RiZdh v —7 ol 45y
MaFEb, MEr Yy ROHNTETE LY, REBEEOEBO &GS ERFMEICBIT SR
v REH, BR,. NV YU TEORENHI STV,

RBHT 7 m ¥ =7 FTlid, ZIEEAICERO KL O EE LIRS LI E TR F~v—
TIRNTZAT O A—T Rk & | EREFMFIZTRAR L TR T~ — I R E1TH> 774 R
RO 2 FHOR U F~— I TN Ef SN, £ 2.1.9 124 —7 VR BORBR LM 2R
T, FRAKEEEDER T X —Z OMAETLSMNT, HREKEENETT 57— (0-7
RER) 2T v ARICENT D — 2 (0-8kBR) . PO R 2 L2 7
—Z (0-103BR) B"EEND, A= VB CTIRRINTEERT — 21X, =y FRER
., REERNERIRE, ~NU Uy ZEERE, N2 RVEE, HOAKESE Th D,

0-9 R, AT HEITOREICE Y Efp SRR TH 0 | @ E & OMRE KRR
PERFER AT L CTHEAEEIL 0.5 cm/s, /N2 F/VIHIE 35 kW Th D, 0-9 B TIX
FRAKEEDIEF IR N 2D, Dy —RXE_XRTRUESIZBITS2 7 2 F 3B NL O
D, D7 —ALD LR RAHDBMMENTZD, vy ROREEGE EiiE CHEICZ = F
TOMBE RoTe, BT —ATAY RAEENBREKEBREZEL TR LT, N K
JVINIKNLAMRE) L TN ATREME 2 7R’ L 7=,

83



# 2.1.9 OECD/NEARBHT 7’1 ¥ x 7 kDA —7 L ikBR OB LM
Table 2.1.9 Experimental condition of open tests in OECD/NEA RBHT project

Upper Initial peak
Case Number 5;1:253 sublcrzjlgfing plenum Bundle rod
(Test Number) (cm/s) (K) pressure power (kW) | temperature

(kPa) (K)

0O-1(9021) 2.5 10 275.8 144 1000
0O-2 (9026) 2.5 80 275.8 144 1000
0-3 (9015) 15 10 275.8 252 1144
0-4 (9014) 15 80 275.8 252 1144
0O-5 (9005) 5.0 10 275.8 144 1000
0-6 (9027) 2.5 30 275.8 144 1000

2.5
O-7 (9012) (£2.5cm/s 10 275.8 144 1000
oscillatory)
8,5,3,1.2
0O-8 (9011) (Variable- 25 275.8 144 1000
Stepped)
0-9 (9043) 0.5 2.8 275.8 35 922
222 (decay
0-10 (9029) 2.54 47 275.8 power 1000
simulation)

i) B.R Lowery, M.K. Hanson, G. R. Garrett, D.J. Miller, T. Almudhhi, F.B. Cheung, S.M.
Bajorek, K. Tien and C.L. Hoxie, “BENCHMARK DATA ON REFLOOD TRANSIENTS
MEASURED USING THE NRC-PSU ROD BUNDLE HEAT TRANSFER (RBHT) TEST
FACILITY”, Proceedings of 19th International Topical Meeting on Nuclear Reactor Thermal
Hydraulics (NURETH-19), 2022 3¢

@ RBHT 35k O BLEE AT 5

RBHT OF —7 ik O~ F~— 7 fiffir 2 TRACE T COBRA-TF T3 L7z,
2.1.68 |Z TRACE } 1" COBRA-TF (2 X % RBHT iRBR¥EE O fiftr &5 /L &7~ 9, COBRA-TF
D/ — R5ENT TRACE & &b CRBRIAZ 1 koo TR L. REHEM OF oA~ —1
Uy RET/MIEHA L Ty, BB CIINBHLZHET L ey NEREZ LA SWEFED
IRFEZ 3 LR IS PR K 2 B AR L TV D 72D RATIC W T H 3R & [AER D FIE A 1T - 72,
LU, GHEA T Y a VOREFIC LV FRmKBEIER O B v FROZS O 7 AR 5340 1
HERENECLTEY, PIHIREICAHENSOH LRI E 72> T 5,

2.1.69 ([Cay REMEENGITi L7 = F 7 a7 7 A VIS BET 2R B R L fif
i ROtk % 79, T 2T COBRA-TF OfEMTH R Z “CTF4.0” & LTRL., £SO
RATHE 1L TRACE Ik D56 D TdH D, TRACE OEHTICH W TIL, “Base” & L CHEK
B D £ T L &R, “Sensitivity 17 & U CHE/KET LV (#5 MEVRE, 81007 7 A
VA Y o BERESE) AL “Sensitivity2” & LTCIZHICHZTZY v RAR—HEFT L%
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. “Sensitivity 3”7 & L T2 BTN THEIEM M O EBUREET T V2 U7 EE
BEATolce ZAH, 72 F a7y A VB L TIE, FEAKET ML RBREROH
BIERRELMETHZ ERENTZ, UL, 0-8 RERIZBWTIL, ZTNHDOET L%
AL CHMEE b T 2 F LAaWE, RBREERERESREND DL Z &b, THI
FER EOT-DIIZHERMANPMELEZ D, 28, FEFITEWEEAKREE O 0-9 R
T, BTNV OITEROEZRDNNESRBPEREO B RIFTHo T,

COBRA-TF (2B L Tix., TRACE D X 5 Rl /KET /L Z VTV RNz, KFEDR
B — 22BN T, BEDMVMIEICB W THRRE D 7 2 F PR BV LEICET D
NTREBELV 72 FRERDIERER ST, ZOBMITHEKETVEL T L LT
TRACE THREETH >7273, COBRA-TF DI NEHE TH 7=, — i, FEFITIEWE K
B D 0-9 3B CTIx, B R & MR & NN — BT 2R CThoT, B, R
fi 5 & FARIZ TRACE K U COBRA-TF 1T K D f#ATHER T h /N RV A AR K R 4 18
L CHREN L 7=,

7Upper plenum
0.305m

3.84m

¥ 0.180m |
3.66m v

Grid7:3.30m  — |

Grid6:2.78m | 3.66m

Grid5:2.26m  —+|

[~ Test section

146 cells for TRACE5.0
144 cells for CTF4.0
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Grid3:1.21m  —F

Grid2:0.690m —

Heated rod
Grid1:0.102m

0
" N\ Joio2m
Housing/ Unheated rod

Lower plenum
0.203m

Hi#) J. Kaneko and M. Sekine, “SIMULATION ON THE OECD/NEA RBHT REFLOOD OPEN
TEST BENCHMARK USING TRACE AND COBRA-TF”, Proceedings of 19th International
Topical Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-19), 2022 (LLF 235 3CHik
551 & 9,)
4] 2.1.68 TRACE X U' COBRA-TF |Z & % RBHT #BRIA Dt €7 /L
Fig. 2.1.68 Analytical model of RBHT experimental apparatus using TRACE and COBRA-TF
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Fig. 2.1.70 Fuel temperature in L2-5 test
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# 2.1.10 ABFZETIHIM L 7 A 2h Rl

Table 2.1.10 List of integral effect tests carried out in this research project

HR

P

MSGTR

- SG {mBVE OB EORIFIRFR 2 AE L 72 3l5Rr

- EARKEMK (MSLB) & OEE O A4

+ ECCS + 1 IARWIE - MiBIfEK (AFW) OB A7

- L —7TD MSGTR (PKL D %)

LSTF : SB-SG-18, SB-SG-19, SB-SG-20, SB-SG-21 (4 77— A)
PKL-4 : i6.1 Runl, Run2 (2 77— %)
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THLDHEEG LN & 2R T 5B G 6N T,

MSGTR (2B U 72 RER T D72 < BHEHHESICH T 2577 & MSBEICET 2 m AN+
TRV, ZOMEICBONCE, BEo7eye s P ERARDEME LT, MSLB
EDOHEEDOHFE, ECCS - 1 IARWE - #ighfaK (LLF TAFW] &W9,) OIFB DAL
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V2 WFE~DOHBFEK (AFW) OAEEI NI 5 & OZMETITI T HPI OFE) A I &
51 WHROBWEFIMER LEERTH-7-, A7 V7 MTBWTIE, 1 KRBT,
AFW OIEBIOFHEZ X 57T > N 2B 0E L (SB-SG-18 & Y SB-SG-21), MSLB M EH &
L7cla D77 v M (SB-SG-19 X WY SB-SG-20) % RL2 7= DFMFFHE & Liz,

EE#IEL LT, 227 7 MMEBRENOITEOK M Tl —7 SG LA L S
2 AN ERAE, 1 R &ML — 7" D 2 WAL B BIE L2 58 1T ERR2E L D B AL
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B LA LR EIO = O HPL Z FEICEEN L, ML — 7 OKIRMAIEE ~ & mHM %
HEALT,

MLSB & O HEE 7 — AIZHBWVTIEL, MSGTR TN FR TiE7e < MSLB 2 X Y ik SG
DKMNREr L2 o7 & ZIZMSGTR NAEL D L Lo, 2L 2 RARDEEENRFEH LT
E— b7y 7 THIETMSGTR BAELDZ LEHELTZLDOTH D, MSLB & L CER
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Fig. 2.1.72 Break unit of SGTR in LSTF

# 2.1.11 MSGTR > U — X EER DA L it B o3

Table 2.1.11 Summary of conditions and results of MSGTR series experiments

g | MSLB | HPI fE®) | ACC fE#h | AFW {R#) |1 JORIUT | I OERH | i
T | Em | () GED) (GED) GEiD) (F#E)
SB-SG-16* X X O O O X X
SB-SG-17* X O X O O X O
SB-SG-18 X X X X O O X
SB-SG-19 O O X O X X O
SB-SG-20 O X X X X O X
SB-SG-21 X X X O X X X

*SB-SG-16 & SB-SG-17 (iD= 7 b T3 L 7= £
KSIMEFIZ &2 HPl O BEEE O A2 K4, .O0EH L7z SB-SG-18 & U SB-SG-20 (%
BAw OGRS 1L D 7= HPI 2 FE) TEBI L TW 5,

) ZE30HK 18

A7z NCTEMLEZ 47— A (SB-SG-18~SB-SG-21) kN@EED Ty = [ 1
TENE L7~ 2 77— A (SB-SG-16 LT} SB-SG-17) OHIET —Z Z#HWT., B2 55004
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L7, WL EEH L7z — A% SB-SG-18, SB-SG-20 ® 2 77— AT&H 7=, SB-SG-21 (27 H
FAUE, ECCS KO 1 IABIENERB L7 < TH, AFW PEB T AU LEHAE Ll
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72¥. MSLB IZF W TIiE ECCS AL K D AKIRAN B E PN IR B A8 b 00 38 A2 A5 703 i jE
ERRVEHTH, F 211K — A TOMRIRMEE NORERE(LOREF LR LT,
IR EREA LI MSLB O EE DA IZIK S 3 HPI AMEE L7y — A TOABHI SN TEY |
MSLB NEE L7227 — A TIHIRERE(L2E U2 O3k — 7 flod, MSLB O EE
L7er — ATV —T7ROATELTEY , REMEILBEL DNV — 7RI 5k
RLlpotz,
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TR-LF-07 %5k & FIERIZ, TR-LF-19 FEERIZHBW T KL o Tl SG O FfaKiELE L, A
7T MEEDRRIE LI E L TELERBSET,

TR-LF-07 FEERIZFBWTIX, SG2 IRMIFIHIAKNLZ 5.4 m & L. SG FFa/KIF 1212 2 kM
AKALS 3 m FTIRTF L2k C SIEF 255 Lz, BRI L ITERD | SIEE%
B 12 B THESRDOH H/V—7 0 HPL Z{FF# L, SIfE505 30 0% 1 IR F&B & L
THESR LA EBRK Lc, 612, 1 RFRETIN 10.7MPa £ TR F L2 RES ThIE#E O
72— O HPI Z{E8) L, 4.51 MPa £ TIK F L72Ff 4T ACC Z1E@H L 7=,

A [EFEHE L7z TR-LF-19 BT, 2 WAIKAEAER L& A X 27T 1 k5% F&B % [
L, Eo. LIRRESND 1227MPa £ TIR T L7 & I HPI 2MEEN$2 & LTHBY | TR-
LF-07 B & s LC 1 k% F&B & HPI OBtAX A4 IV 7 BREBVERELE L, DI,
HPI OH &2 E L Cii\Ez oL LTEY ., FLmHAOB AT TR-LF-07 £ LY
HEELWRIEE LT D,

b FEERRS

TR-LF-19 O FERFER 2K 2.1.78 (1277, FREMGE, faKE1L L TINE S 72 SG O
BLIFFOBBIBAPIC XV SG2 AHIE ) IFHK) 8 MPa IZHfERF =D & & H1Z, SG2 RAHIK
PIXIRBY A VD DI N L7, SG2 IRMIKALK 3 m & FEIZ &, 2 AR H B OBREVGE
PERT T2 200, L RREINTMERARI & & HITHRA I EA L2, £ 15.8MPa £
TOEFICE EE o7, MERBLAZEBT DL 1 IRFBBES D & RIFFIC & IR
& LARIE MBI KL A TERR S L7z, HPI & ACC OEENIC X v | JE SRR E oK
MR 2 (2l L, FEBRZK T Lz, TR-LF-07 & RIC, HRPIFLBEHNE Ced-o
T h . 1R F&B RS LEENCHN TH D 2 ERm S ivis,

B, K 2178 T K DIT, SG BEVE KM AERT HZ L TL—7RENITE
nl7e Fio, HEFEAZRGEOEINEMEIRMAELE KA N EIET 5 & RIRAIERE
PN D P AR E 23 TERES C iy < S IR < 72 DR R B3 4 U T,
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Fig. 2.1.80 Large scale test facility, PKL
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Table 2.2.1 Investigation on important phenomena in BWR during accidents (1/2)
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Table 2.2.2 Investigation on important phenomena in BWR during accidents (2/2)
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Investigation on important phenomena in PWR during accidents (1/2)
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Table 2.2.4 Investigation on important phenomena in PWR during accidents (2/2)
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Table 2.2.5 Experiments targeted in validation
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Fig. 2.2.8 Comparison between experimental and calculated results on Zeitoun et al. low

pressure subcooled boiling experiment
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Table 2.3.1 TRACE input parameters with high sensitivity in BFBT simulation
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Fig. 2.3.1 Uncertainty of TRACE input parameters calculated by inverse analysis1 method
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Table 2.3.2 Status of plant analysis data
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