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DNBR Analyses under Steady-State and Accident Conditions for

a Double-Flat-Core High Conversion Light Water Reactor

Takamichl IWAMURA, Takayuki SUEMURA, Tsutomu OKUBO
Fujio HIRAGA and Yoshio MURAO

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

Tokai-mura, Naka-gun, Ibaraki-ken

{(Received February 3, 1990)

A double-flat-core high conversion light water reactor (HCLWR-
JDF1) has been developed at JAERT aiming at better fuel utilization and
higher safety margin. The HCLWR has two pancake type cores piled up
with lower, internal and upper axial blankets. Fuel rods are arranged
in a triangular lattice with p/d = 1.23. The lengthes of each core
part and each blanket part are 60 cm and 30 cm, respectively.

Departure from nucleate boiling (DNB) analyses were performed
under steady-state coperational condition and accident conditions. The
primary coolant pump trip accident and locked rotor accident were
selected for the transient analyses. The primary system transient
calculations under accident conditions were performed with a best-
estimate code J-TRAC using the same conservative assumptions as in the
licensing calculation for a curvent LWR. The KfK critical heat flux
{CHF) correlation coupled with the COBRA-IV-I subchannel analysis was
used to evaluate the DNB ratio {DNBR). The KfK correlation was
verified with the data from small scale (4 and 7 rods) CHF experiments
at JAERI and 20-rods CHF experiments at Bettis Atomic Power Labcratory.
The mixing ccefficient and grid spacer loss coefficient used in the
subchannel analyses were experimentally determined. Based on the
criterion that no fuel rod in the core experiences DNB with 95 %

probability at 95 % confidence level, which is used in the current
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LWR licensing procedure, the minimum DNBR was determined to be 1.28
with the KfK correlation. The estimated minimum DNBR's were 1.66 for
the steady-state condition, 1.56 for the pump trip accident and 1.34
for the locked rotor accident. These minimum DNBR's are larger than
the minimum allowable DNBR limit. The results indicate that the pre-

sent BHCLWR design is acceptable from a view point of the DNBR criterion.

Keywords: High Conversion Light Water Reactor, Subchannel Analysis,
Departure from Nucleate Boiling, Critical Heat Flux,
COBRA-IV-I Code, J-TRAC Code, Thermal-Hydraulic Design,
Accident Analysis, Mixing Ccefficient, Pressure Drop,

Reactor Safety
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Table 2.1 Design of Double-Flat-Core HCLWR

Thermal output 2,432 M¥t

Electrical output 7 826 Mi¥e

No. of primary loops 3

Core height o 0.6 0 X 2

Lower and upper blanket 0.3 m X 2

Intermediate blanket 0.3 m

No. of fuel assembly 313 (core), 66 (R-blanket)
Fuel assembly pitch 235.42 mm

Fuel rod outer diameter 9.5 mu (core), 9.8 wn (R-blanket)
Fuel rod pitch 11.7 um

Cladding thickness | 0,57

Control rod thimble diameter 11.0 mm

No. of fuel rods/ assembly 872 (core), 387 (R-blanket)
No. of control rod thimble 24/ assenbly

No. of instrumentation thimble 1/ assenbly

Equivalent core diameter 4.373 n

Inner diameter of core barrel b.25

Inner diameter of RPY 5.85 m

Ya/Vr 1.08

Discharge burnup 56 GWd 't

Fissile Pu enrichment ~ 10 w/o

Average conversion ratio 0.83
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s HIRRAEE S R D, TR0 IR S 1Ty B, IRAMFR HERIFKICIK
A EREIB T B, SRR OBEE AR, B & B ORI AN S < F
B, GERRMEEOE AT LTS AER & - TH D, RO b AR
IR TV, BT, ERMEKEEEEE L THIE SN CHF HER % S
K20 EMET 5T L RRHTH 5o BEERKFO &5 U HEFIRER TR0 ER
& L# CHF MR b ¢ BRI N TV E, ARETHMONRLE LTV AR ZEHL
I KR ORI 1, 7 & TR X A CHF HBERO 7 — 5 ~— 2 X @RI - T
W, R, AFLIFRICH 3 CUF RO EARETIT 270, DIFO &5 1k
PR A A L 7o,

T, Fo s N- REEDEESICHRERERET 500, SRBEBKE TR S 15 ORERL
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AR ARE L re TARD A KD o ¥ A FHEAOT, BEBRARERC X5 4 MPa O
HETOEEEN T O CHF EBE%H L CHAED CHF HMROFE 47732 - . $7, CHF
HEAR O 2 3E T 5 i, SLFIRIERRE 2 B EMOBIRRBEL G T 5 = ARSI
BTARZED F 2 %07 CHF FEERiC > L TR RICEER s nTwa CIF 7 -7, &l
% KE Bettis BT ARHT TERL 220K0 » K7 2 FIc & 57— % & FW 72 CHF #HBE=X
O T AR S 1775 - 72

HHOWEE Low, UTFo 5 EMATS 5,

s SHEEFRRE Y FLA0BEEAE SN E LR,

WSC—2 (Triangular) ™

KK *

EPRI -~ B&W ™

CBERAIN Y R AR~ CEAE B E Lk AL, BREEEARREMENET 55

EPRI - Celumbia®

CEREMAEC, SERAEETRES LR, BL, BREREETNRE LTV 5,

Katto (Annuli)}®

SO E, L LEOMERO TS KIK MBIR A7 — 5 & OB LBMEIF TS - 7o
Fig. 3.2 12, Betlis BT AWEFO CHF F— 72 LT, /3y ¥ VPEREIR M % F W < 374
L KIK IR & 571 BEAE & BRI O LBE TS

3.3 EafR¥

Sy RS TO DNB 8BE A2 FHMICTRT 2010, 7F » v 2 VEOEB O AE—M
AEE LB 10, DNB b 2 ToOBRMNSEEEE, 74 ) 7 14 HERKD HL
Tk 2, AFETR, +7F ey 2RO —FELTIR, COBRA-IV-T3—F%£H0
Foo A0 — KT, BINREGDO AN =X A& LTH, BHECES ERNSHEESICE S 2
Foy rhEEsD, FhEFVERNVEARERUCRBRSFREE LTATIS NS, A2 - FERL
TRUEHAT A 1770 » 2R S, 209 BHRNIREEHEGERICELAEREL IR AV
B, BAEHIC VT, RIHESTOECRVWEEERE T LeHonic L,

COBRA—IV—I THV O 3 RE&FRHEIKATERS N S,

Wij = £SGav
T, Wij=#7F+ v a OGRS L AHNERSIHOOD
ga#Eia (kgs.m)
8 = BAEH XD
S = oy FFEry 7l (m)
Gav = Mgy 7F » v 2 VO REREZIIEM (kg s. m?)

BNy FARIRCEET 280 T, CORRA—IV 13— F4 CHF it icEH$
Bibicid, CHF HBiciHui 7 A ML 7 2 MBI L TRAKRKERD 5 L3
Wd b, £, K- FAEFORBIFCHET 2B, BoEB0DEWILBE AR v~
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FABRTORGFERE RO TELELH 5, 561, HRATHESAEL2ESCEY 75+
YR VB OREHEES N L 0T, ZAAFRIKETORSGHREICDVLWTHER LI,
(1) CHF EEaLfE—F 2 b 2% O BB SEER

TAROEER Y [, BEEES, ADRERCALRE “EORETFT, &F7F+» v 2l
BOAOLLHOZTORE IREEHAIET A LICLDERE L, & LT, BE&EFERE 3
Xy ELT, BEBRENEANE LT, COBRA-IV-1itkAEMIHATY, RAMMK
FBOF TF» v RAACBITAALD GHOFTORE FRBOEE - EAES KL 8T 5
LHNBEFEROME, E7 A MRCBT 5RAFMORBEL L,

DL LTHREL LESEREOEREL FO LB TH B,

A¥ Yo F (mm) BEHEE

7 10.7 0. 003
7 1.4 0. 003
4 11. 4 0,004

(9) 36 ATy K LE RO BLIER

EF T VR CORGEET - 4 #1830, REBMOBES LISV 36 Ko v ¥
F A FERA RO LB ERAERL -, BEEREEo Y, F i, 100 45mm, 11 4dmm R T
12. 35mm @ 3 W TH 5.

(WEREOFHFEIC LD, COBRA-IV-T 2 —FEHVWTHELNLFREESRRK S E0.001
TH0, L0 IARETAD 5 K72 M EOBEERLA — ¥ Th 5, CASOMEE, RBE
FHREO - BT WIEWETT PWR @Bz 5 (0,02) ik~ T IHREEAS 0 S
mETL -7, '

(3) IS P ToRARK

HEEHTORGEE O TRHARERTRL, FHECTHEBEAER T —sBIcEIL
T, “AHRBRAHRIS S ERARIESRN S O (B 8:) 254 FRa MK L L TRAT
Bz

B/ By=10 0.0 {a <0.15)
= 1.0 (0.3 {a 0.8
=10 (a=1.0)
=P (0,15 (@ 0.3K%0.8 (a 1.0

CHT EBofiTicsvwTid, BEEREE L TR, BHEBERTRREDERIC L 2 EBRES

IO, THHERE T oIsBERR (878 2FRLLEER V.

34 HTF e sRIVENRD—F COBRA—IV—| #B /2 DNB 8Bz O FEE

SNy FAFINCIEE SR, Y7 F v YR ABOBRIKEGICLD, BF T F v RILVICETLE
B 7 A ) F o S EOFRBIEIEAE— v, DNB B ER L 0T, DN Y
ROFMOFIT L, Ny FANOREBO AR A2 EE T A UENH B, Oy, WEE, A

KRR HRAEB LY 7F +» ANz — FEHOVT, 7 F+ ¥ 20T 8 ORI EEN
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£31 L, 2 offix DNB (015 CHF) FME0 T 0TV 5,

B TF e v ANLTI—FELTIE, COBRA-IV-I® %MW1, Fig.3. 3 KA RKTTARD y
KNV EADY TF v v 2 MBI, —F 4 v 7 EFAEFRL, Table 3. 112, DNBERERTIC
FH L7 CORBRA-IV—1 2= FDOAH T A -9 %ERT, .

3.0 ETHMOWNEE L CHF IR ic BT, BFASHRMFAWEA0& T A MR
» o CHF o Fili s EMEo Lk (CHFR) OVHER CBEREETable 3. 2 17T,

Fig. 3. 412, 4 ARV T Aoy K72 FEEMRE LT KK #HMKXE R TE 5o CIFR
DL, REREEE OBRETRT,

Ul oS, BEATRESRAE O TEHM L 28E, HEMES 1000k, /s m® LI EDEIHN T
G, W T F e v RN VT VAT r 7 —AERE L KK AR TR A4 202 BT
H1, HOHEEEL Y HFS THEREAEA 3 &ML, - T, LIF® DNBR
AT IC BV TR, KK BEEEH0 AT E&T 5, 4B, AL KIKHENEZz0 7 -
g = ZRNEFET 5,

3.5 SiIEHREKFEOR/)N DNBR BEE

P £ 2547 PWRE © DNBR IR I B L TiE, 95 X 95 seal B8, BB, 95% DISRAE
4o T, 95% OWERTHEHERTS DNB @£ 550 /an @ DNBR ORAMEE RS, Bk
O RS BEEL A S D 2B IT 5T, DNBR S COS/MEETEIS W & 3 IcsET
EITH>TW B,

Bl%, 95X 95 By 4R 4 5500 DNBR i3, CHF MMl EERF — 5 L ORBHRE
BH A IEL T, KRTHA 515, |

BONDNBR =1,/ (x—kes)
LT,
x = CHF EB{L/CHF iI8E M/ P CERVEE
s = M,/P OEAMEMERFZ
k = {FHEFE 5% i B{ET, HEHRMUEAMITKRET b,
T ofE, XER@TICRE STV b

BEED PWR A%EE UL CW, CHF MR L LTW - SHBA B2V CaliRT -5
LHEEL, LREOFEICLbROAE/NDNBR & LT L3ARALTER, COERERT S
CHFRBR U8 T 2 K87~ ¥ ITikE L TV 5, SRAEBREOERRZTE, &/ DNBR &
Wl AR B 72 ORI N U ER 7 — 5 RE AR TH D, —HMod /) DNBR B
WRELATVE L, B PWR TEEE N0 2 W— 3 RERE, SEREKPRIC L8
CHTEREWD EDS - DT, EEREKEO DNBR AT 2 fooicid, #Hifoil DNBR
OENEAEE A D B MBS B, =0T, BEOHEMIOS L, SR#EKFEfRTo CHF
FERE O KA S AT - 72 KIK OB AV T, KEO Betis RFAHTAETD 20 4
Oy FFRRHICLS CHF 74 ™ (Fig.3.2) &K LT, RRELIRESHE M P) £
Sk, EC kb Esh DNBR @BEMEHERY o, LIFIZ&/NDNBR OFtEIfEH L2 CHE 7 —
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5§D M/ P OB HAEE RER < B,

{85 L 72 CHF R - KIK MR
{FHLZCHF #F—% v — A . Bettis [T 3RO 77— 40
CHF 7— # O#[H
EH : 13. 8MPa
BeEEE ;340 ~ 5430kg 5. m°
Bz Ay 7« :—0.44 ~0.78
F R YK -y FARE 20
oo KR 6,35 ~ 7. 112mm
P D 1.214 ~ 1,36

#afks 1.37~2.39m
5 1) B OBl 77 ) — B A

F— & A 197
FERE S FHEM O (M P) DR LIEE R
x = 0.99135
s = 0.11024
k = 1.891 #EGT) P48 &b

FhEhE, _
/0 DNBR = 1.40.99135 — 1.891 X 0.11024) = 1.28
C oA T O DNBR SMEOEAES LTHVE, AT, BEATHE, RFEEFLA
BT O TR S RS A A IR L CITF ERE A Sh TR e T, EfLom/)
DNER E#i# 25 < £ CHENL 0T, SHROKBROESRCFITHEOR Lic X hHFETE
NANETHZ, 55, O (1.28) BIFOBT PWR THY STV S DNBR AHE{E 1.
RO E R > TOAHI s, E—FHELTE, BiToEEE 13 2R rHoRE s
LT 2&6TES,

3.6 MEETROIESE DNB

AR B O DNB RAEICKEL T, BB _AROFEEERZEET 2 LEPH L, IO
1o, BEEFIT 4 OMPa OEERERABEEE VT, HEETROBRE DNB EBRERX
s L 7™,

Fig. 3.5 1, HEETF DNBRERBOF v b4+ 7 F ¢ ¥ A MPBLUORBEAFEERE KK
o CHF Mz B LTk - CHIFR &, RERDE B/ E TER CHF it d 6 &
Kt s N BENTF T, B—Fikick bk CHFR &k ((CHFR) (CHFR)) ##iERD
#E (FR) KBLTT o » b LEBRETRT, ARLD, WHEDEAS 6%, s LT TR, WK
e EERe DNB S Zann s hisvws, FRy &AL A3 &, BEko CHFR 28
SRR L D bAE B AMAICH b, FUskL®E 30% s BT, (CHFR)' ./ (CHFR) @
EAERN 1L I8 T—EEN D, fE->T, COXIRBEELBITORBE T VEBRAT 5700
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i, FHEEO—Y v E AR BEEZUNRELEL L,

PLEORER LD, FERDOE %, /s D EOMBETRERCE, THELE-0BiKHE
#T DNB 29544 2 & L BT 02 i EORERST L BAMTRIEV I LB - 1,
5B, 5ETRN D RSN EREEERIER O AHIN # v 7 EEEEREE OV E Y
LEERLRIE, FRFNED 7% s U 24% s L -TEHD, wEOmA I, FEEWN
DFRAMETERLLRLEELLNS,

55, AER R SEREAKEOBELE O 1 4 cHNT 2 4 MPa OF I FTEREL 7.
DNB #t R [E A B ERET 20T, SREFEN T TORBMLT DNB ZREZLAEL, &
M DNB R/EEHOERMTAITHLHET 2LESH 5,

3.7 EHEITO—FJ-TRAC

H S DAL BK B EFEIcd & LT J-TRAC = — FBEFERAL 2, J-TRAC 27— F
WkED 27 5 E AESHIOF TR S L PWR SHEHREAN 2 — F TRAC-PFLBZEIC,
REFLA 09— FHEAKEFLVEROBEFCHREIAAHEEFTALVERIANLLDTSH 5,
J—TRAC I — FTHEZMA SR EF VR TOEEDTH L,

(1) FOHRFFDAE TV

- FED s = T AR

« B EE — O O FREAREFF 1 SRAHBEA

« FHE — #5 A 0 B B B A AR CRENC & 2 Ul RAE 2 3 1)

* REFLA #fla B e 70
(2) HIREEE TV

LR KE F v id LOCA BiTic B W CERS N2 EFLTH B, COH, 72V F
SRR OB RS A ERKBRIA I bR L THEAS ATV B, X OO
EFAAEFEKEO S @SN AL S, Fig .6 ioRe Bl TEAS NS, &
Fo, 7 ox v FHEERMEIE, BECLIAKFLTIHLD CESICEITTSFR AT SFTILD
AEREATOEBY, FLEFEEIOTRLTC Ay 77 2y FREBERHsNTOVE N, HL,
COESL IV F 7oy OEITARECELET ARNEERBBRE I >VWTHE, s
FHEEER BT 2R NEEFEREREORNEMHL TV 5,

EEET T2 — L F Lo BECCRFEATHIHE TOAEHRES, BRAOBEGRP WAL
BEZHREH 5L BCC KD W 77 — VBT BEHFRE LI NICEIRL, Cha@EYa
TIRMBIC S EH BT &k » T, TRAC—PFl 2 — F TR W BALRAEREE & €
Nic & 2EBEANBER VIR EZIAL6DTH 2,

B, FiEFloficSRo@RRcdgic, SEREAEFTHAC 7 v L LT CHF 48
BRI, KfK o A&EALTHERL 2,
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Table 3.1 Input parameters for COBRA-IV-I analysis

Subcool void model Levy

Bulk void model EPRI1?

Rod friction coefficient Blasius

Spacef loss coefficient 1.0t2?

Heat transfer correlatfons RELAP-4 package
Cross flow resistance 0.5

Cross flow momentum facter 0.5

Turbulent momentum facter 0.0

Cross flow axial velocity (U@ + ) 2

Turbulent mixing coefficient (1) For CHF test analysis
| single-phase ! 0.003 or 0.004¢%’
two-phase D i(a )
(2) For safety analysis

0.0

(1) Chexel, B and Lellouche, G., EPRI NP-3989-st, (1985),.

This correlation is newly implemented in COBRA-IV-1I
{2) Based on pressure drop experiments
{3) Based on thermal mixing experiments

(4) See Section 3.3 (3)
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Table 3.2 Evaluation of CHF correlations using small scale

Test
section

o 2 = o

‘CHF
correlation

KsC-2

KfK

KfK-1F*
EPRI-B&Y
EPRI-Columbia
Katto

x [F : Using subchannel

Number

of rods

B ] =] e

— O O = O

CHF experiment data

Rod P/D
diameter

(nm)

9.6 1.2
8.5 1.2
9.6 1.126
9.6 1.2

length
(m)
1.0
1.0
0.5
0.5

Heated -

Average of CHFR (Standard deviation)

- 852(0.
.763(0.
.062(0.
.838(0.
.931(0.
.238(0.

087)
028)
042)
07)

278)
077)

— N O = O e

Test
B

.880(0.
.874(0.
. 167(0.
.872(0.
.023(0.
.219(0.

section

063)
066)
085)
136)
442)
055)

—_ = OO O e

imbalance factor

.475(0
.818(0
. 9800
.615(0
.378(0
.318(0

.074)
.058)
.102)
.124)
. 387)
.122)

—_ O O O O =

.546(0.
.798(0.
.926(0.
.635(0.
.886(0,
.281(0.

113)
060)
070)
051)
158)
037)
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CHF

data

Small scale CHF Thermal mixing Pressure drop
experiments experiments experiments
(4 and 7 rods) {using CHF test section) 4, T and 36 rods
Survey of two-phase -
nixing experiments COBRA-IV - | Grid spacer loss coefficients
analysis Pressure drop correlation

Two-phase multiplier
of mixing coefficient

]

Mixing coe

fficjents

g

COBRA-IV-1 anaiysis

20 rods CHF data at
Bettis Atomic Pover Laboraiory

]

Evaluation of CHF correlations

J-TRAC analysis for
transient conditions
of HCLWR

1

COBRA-I¥-1 anaiysis

of HCL¥R core

{Steady state and
transient conditions)

Thermal mixing experiments
{using 3% rods)

|

COBBA-IV-1 analysis

L

Mixing coefficient

!

Local flow conditions
at hot sebehannel

CHF correlation

Evaluation of DNBR for HCLWR

Fig. 3.1 Ewvaluation prdcedure of DNBR for HCLWR




Calculated C.H.F. (10% w/m?)
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b——T—T T T T T T T ] I T T T ] I
| KfK correlation //+‘ B
_ P=13.8 MP . .
o Data source // i
/ ”
3 o A-5 ) oo —
L A A-B ,{? // + —
+ A= 7 - x 7 A
B WAPD-TM %/ Y . -
x A=10 7 1013 SO O = -
L O A- 4 // &/ /// —
— 0 A- 13 ) // . //Qo\n 7
2 — x A-14 Ag D&X ///,% ]
- + P _
i bt i
/
- & pd _
1 - /lﬁgﬁx// ]
'#Z_ X//
— /n / —
Yy _
-
- y // .
- :/ _
0 T R S S R T N
0) 1 2 3
Measured C.H.F. (10® W/m?)

Fig. 3.2 Evaluation of KfK CHF correlation {comparison with

Bettis Atomic Power Laboratory CHF data)
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1~18  Chaonnel number
O~@ Rod number

f~10 Channel number-
(O~@ Rod number

Subchannel model of 4-rod bundle Subchannel model of 7-rod bundle
for COBRA-IV-1 calculations for COBRA-1V -1 calculations

Fig. 3.3 Subchannel noding model for small scale CHF experiments



CHFR
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KfK correlation (with imbalance factor )

2.0
Test Rods Pitch Length
section {mm}) {m)
o A 4 11.4 1.0
n B 7 1.4 1.0
Iw + C 7 0.7 0.5
g B x D 4 14 05
:E) 1.5
('
T
)
~
_ o)
3 + 7
T obe———___ D A
T 1.0 A — — e =
t op A p
T + o d>?+& £ o (o ©
+ -b{'x f x ;'S % X x
0.5
| | ! | | | [
0 1000 2000 3000 4000
Local mass velocity (kg/s-m?)
Fig. 3.4 Evaluation of KfK CREF correlation using COBRA-IV-I

subchannel analysis
(comparison with JAERL's CHF data)
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P = 3.9MPa
X Test B q,=1.80 ~1.83x10° W/m?, Tjp = 171 ~ 218°
O Test C g,=1.36 ~ 1.58x 105 W/m?, Ty = 196~ 229°C

B " Subchannel code : COBRA-IV-1

CHF correlation . KfK

o X0
_

X =0 « o)

B qugyl” X %
”’fx XO
X0 _ o7 R
- O RO T X
| ! [ SR [ I ] | ]
4) 10 20 50

Flow reduction rate (% /s.)

Fig. 3.5 Effect of flow reduction rate on CHFR under 3.9 MPa
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TRAC - PF1

QQQ;EQQEQQQQQIME,DO

.

\

Muroo - Iguchi

7

Vapor fraction f[(a)

0.8 0.35 1.0

Fig. 3.6 Flow regime map in J-TRAC code
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4. FEHE#EER O DNBR

Kﬁﬁﬁ,SETﬁdt%ﬁ%&mgﬁ%,%ﬁ:ﬁ@b@%&ﬁ%$ﬁ®gﬁﬁ%%mﬁw
AR/ NRABGEEN OFMATH, FEIICER LAY 7F v v 2 AT T — Fid COBRA-IV -1
-, DNE@#ERE LT, KIK 8B4 EEHL 2.

4,1 COBRA—-IV—[ 3—FRICLBYTF ¢+ »RIEH

1y /—=—F1viTFi

AT TE, WA EEL T L1222 7 — il WTRFLOBRITEIT > 2. FE
HE/ —F 4 »ZIBELTR, &y bF v ¥ 2 VETEHEP L, BUBEREXTWE 2 —F 4
YT EFMICE DRELERENCER LR, CToFEickD, EER NS BHEDETRE
HERETPWR @&y M F + ¥ 2B 2%/ DNBR O EEE R SAEE 2 59,
Fig. 4. 1 IKHEIESEK S L OKEHD / - F 4 v I EFAERL, Fig 4.2 KEBESEN
D) —F 4 T EFANERT,

Fig. 4. 1 B4, 2 ld, FhFNEEARoOLIIaH (E—-*% v 777749 ) DEGRT,
PREEAA T E DEBEFFE -+ Y 77 74 5 =220 TR, B BEOERELALES + 4
2 NOHEIC B AN IcES X, — FOEIEA{E L, BEESETEORAE —
FrrRLA2THD, £, BRBEFEANOE Dy FTEOHANAE, E—-Fv 7727
g — IR & ABEBRIO N NG BERICES VT, Fig 4 210Rd &5, 1HHEOH
Fie oy R4 L7, BEEAHRORAY — % v VRBESARTEEEICH L TL06l TH i, X
SiT, EEAMOFRKHEHE—+ v Fico0 T, BPOAREERKNT (FY) 1,06 K U8
i EDAFEOREAZE L CET (CYHRGRHREMVKRGRE - FO) L3 4EELT, 8%
Dw—V &ALl litlin f-C, SRBEESERDEAHTIE Ky Fow F) OFE
HEE—F 07575 —id,

1.402 X 1,061 X 1.08 =1.607 &84,

fhidm o FicowTit, &y boy FORNE 8 UEASEicy, HHEBLLTHEL.

Fig. 2188V, Y75+ 2020, &y oy FESUREE L R RN
Wbk gy bFeviib (F4aEAMEL) T, 3 7F %+ 24170, FEBEREE .y POy
FASURBEZ ACEIN 2L (Y Tk l) THE, INOLAFAOF TF + v 70
BEFNCRG XLV TF + v 20 THO, DNBR BRNDICHZEFELONZ DT, &N
DNBR OBHid NG 2 2EiDH 7F ¢+ v A AEWRE L,

Fig. 4 JICEHARID / ~F 1 v FEFN, 7y FAR—HDORBRUFEARE DA%
K. MiAEC R LTI vy FEEEUHELE 2. Im % 42 4% (/ - FE& 0.05m)
Ltz 70 9 FAR—H 3228 THRNLIIC, 0.3mBECTERRE LA, B8, 5EBT
WA B — RS M R B R SRR R O — ORI 8 v 7 EHE S RO S E R BT OB I i,
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SHERNOERO RO 2 BE - FE L, FOBOAME IR0 TR, R
DEREB LN ARRRE —F V7777 4% =2 &4 5 cosine DM TEBL .

HH 75 vy MRRIEAMECeT, —EEFEL T,

(@) iy - 2 OWEHIZRLE ‘
ﬁﬁ:ﬁﬁm@%ﬁmﬁmﬁ@%mﬂ,—&%Eﬁ,ﬁ@AGEEU@mM%ﬁE%; E

FMD 3 L— FPWRE EEF—& L, COBRA-IV—T 3 — ¥OANMIE, EMEE
#PWR OFRTHEAS N TV A0 LFASHOEREEEZR LT, UTOLB0EDR,

ZHEN . 15,3 MPa GEM{EL 0 0.2 MPafk)
S EIM A TR D 291°C CERER D 2°CED
ADEEHE

LR = 12800 kg, S
LK ETE = 6,026 m’
LHEEOS BPLEERNLEG = 08 X%
ATVEE#E = 19800 X 0.95 / 6.026 = 2018 kg's. m’
G BGAER
S = 2480.6 MW (E#ED102%)
BEMT T vy PUATORBES = 07.68 %
PREMESA 1 (Y 0 OB RER
= 0.00957 X 2.1 X 372 = 23,316m’
BREHES RO = 318
PR = 2480.6 X 0.9768  (23.315 x 313)
= (. 33203 MW /m’
{(3) COBRA—IV—-I1AFi/NI £ -4
BAREIc S WTE, EuF 10,456 ~12.35mm @ 36 A7 2 b HIZ & 2 REEGER I
n, %OMH®@#%Bnt(8hmoL®@1EAMW%QLQD%%£PWR®ﬁﬂ%
SRSV TELNAMEO 02 i L THhE L, BEREE0L0LLTHF T F + v &
MR RIT RS EEIRETH o7, T TR, BILHERII BT ARTHIREFO AT
@%%%Lf,@&#-z&bf@ﬁé%ﬁ%&O&LfﬁﬁLtom%,ﬁm%ﬁ®%e_
DWT hd, BRI Z1T - 1o
FOOATINT A —FImD0TIE, nmm31:ﬁhtﬁ%ﬁwko
fEET I @ L COBRA-IV-I AN F— 4 %8B 1k~ %,

.2 BHRR

(1) ey — R DFRFER

Fig. 4.4 12, E#esr —2ic>0 T, COBRA-IV-TIRILDFELYE, ¥7F+ vl
(v wFeil) RS 7TF v w202 (F4EhNEL) DEEEER LT V&L E— Dl
Bt srd, COBERLD, BEHEEIS TF v v AV TREPNESEDD, vy
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E—ld7F + v 202 TRERESEAEBNDP S,

W7 F e v R VTSR AR VT, KK HEBRIC L b, DNBR Q8 AEIS iR 1,
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Table 5.1 Major parameters used in the analysis

Item

Condition

Initial core power

102% of nominal power

Initial core inlet temperature

Nominal temperature + 2.2K (564.4K)

Initial pressure of primary system

Nominal pressure - 0.21MPa (15.71MPa)

Initial core mass fiow rate

1.28x10%kg/s

Pesking factors

Fg=1.858
(Fxvy=1.609, Fz=1.218)

Reactivity feedback

e Fuel-temp. reactivity coefficient

* Void-fraction reactivity coefficient
Based on burn-up calculations
See Table 3.3

Core bypass Tlow through blanket

2% of total mass flow rate

Steam generator initial conditions

Main steam pressure . B.1MPa
Main feed water flow rate : 4b6bkg/s

Main feed water temperature : 487K

Reactor trip

Loss of flow : Low pump speed

( Set point : 92.6% of nominal speed
Delay : 0.8 sec )

Locked rotor © Low RCS flow

( Set point : 87% of nominal flow
Delay : 1.0 sec )

Reactor coolant pump trip

t = 0 sec
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‘Table 5.2 Reactivity coefficients used in the analyses

1. Fuel temperature reactivity coefficient

) 1 dKkeer

Tt (K) — - — (1 /K)
r ( k dTs

750, -3.26 x10°®

1050. -2.61 x10°B

2. Yoid fraction reactivity coefficient

1 dKkotr
* -is— d o —
0.1 -6.11 x1072
0.3 -5,21 x10°2
0.5 -4,62 x 1072
0.7 -6.28 x10°2
0.85 -1.245% 107!
0.925 -9.88 x10°®

3. Coolant temperature reactivity coefficient

Kerr
Te

1 d
—_—— = -1.46x10°4 (1 /K)
k d
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Table 5.3 Material properties of fuel rod for COBRA-IV-I input

1) Geometry data

Rod diameter = 9. 5mm (0.3740 in)
8.17 mm (0.3217 inj
0.57 mm  {0.0224 in)
0.095 tm (0.00374 in)

0

Pellet diameter

Cladding thickness

Gap

2) Material properties of fuel

k = Thermal conductivity
Cp = Specific heat
p = Density

Subscripts

MOX = Mixed oxide fuel used in core (Pu021C w/0)
DUO2 = Depleted uranium dioxide used in blanket
c = Cladding (Zircaloy - 4)

knox is varied with temperature.
knox = kto {1 + C1{T = To) + Ca(T - To)2 + C3(T - To)?}
Kro = 2.371 W/K.m (1,370 Btu/hr. ft. oF}

T Temperature (°F)
Te = Reference temperature (°F) (1898 °F)
Ci = -3.7378 x 1074
Cz = 2.3302 x 1077
Cz = -2.9048 x 107!
Other properties are constant with respect to temperature.

Comox = 336.2 J/kg.K (0.0803 Btu/lb.°F)
prnox = 10147.0 kg/m' (633.5 1b/ft3)

kowo, = 2.776 W/K.m  (1.604 Btu/hr. ft.°F)
Copuon, = 324.9 J/kg. K (0.0776 Btu/lb.°F)
p oo, = 10115.0 kg/m' (631.5 1b/ft?)

ke = 16.72 W/k.m  (9.662 Btu/hr. ft3.°F)
Cpc = 374.4 J/xg. K (0.0894 Btu/ib.°F)
pc = 6514.2 kg/m {406.7 1b/ft?)
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Table 5.3 (continued)

3) Fuel-clad gap conductance : hgap
hgap is calculated from TRAC-PF1 model
hgep = hgas * hcontact + hrad
hgas = kgas/{Argap + &)
kgas = 0.2727 ¥/K.m
Argap = 0.095 X 107 m
4.4 X 107%
hgas = 2743.5 ¥/l . K

5)

heontact = 0.0

hraa = & F(Tf = Tg )/ {T¢+ - T¢)

1
F = .
L, R ( 1 S 1)
EF Rc E ¢
v = 587 107% w/of.K?
Tc = 620 K
Tr = 900 K
er = 0.8707
Ec¢ = 0.75
Re = 4.085 x 1073 m
Re = 4.75 X 10°°%m

hrag = T1.7 ¥/ K
hgap = 2743.5 + 0 + 71.7 = 2815.2 W/l K (495.8 Btu/hr.ft% °F)

COBRA-IV~1 input = 500 Btu/hr. ft2. °F

_40___
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Fig. 5.2 Noding schematics of pressure vessel for J-TRAC analysis
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