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Evaluation of Core Bowing Reactivity of
Joyo MK-III Performance Tests Core

(Research Document)
Misao TAKAMATSUY, Takaya KUROHA? and Akihiro YOSHIDAV

Abstract

A study of passive safety test using Joyo has been carried out to demonstrate the inherent
safety of sodium cooled fast reactor. In this study, emphasis was placed on the improvement on
feedback reactivity calculation accuracy. Especially, the core bowing reactivity has been one of
the main targets of this study because it can be designed to provide negative reactivity in the
event of power excursion.

The core bowing reactivity was calculated by “MERBA (MEchanical behavior and Reactivity
shift caused by core Bowing Analysis code system for Joyo) > which had been developed for
Joyo MK-II core. Through the operation of MK-II core, measured power reactivity coefficient
shows a power dependency on reactor thermal power, which is considered to be caused by core
bowing effect. In order to investigate the mechanism of this phenomenon, the measured power
dependency on power reactivity coefficient were compared with the calculation by “MERBA”. It
was confirmed that the power dependency on the power reactivity coefficient of the MK-II core
could be explained by a core bowing reactivity.

In the upgraded MK-III core, neutron flux, the coolant temperature difference between
reactor inlet and outlet, etc. will be changed and these may effect on the core bowing reactivity.
Therefore, the core bowing reactivity of MK-III performance tests core was evaluated using
“MERBA” which was modified to analyze MK-III core.

As a result of “MERBA?” calculation, the core bowing behavior of MK-III performance tests
core was almost similar to MK-II core; the fuel subassembly was initially bent toward the core
center at zero power, because the middle spacer pad of fuel subassembly was suppressed by
reflectors which have rather large permanent distortion. During the thermal power increase, the
fuel subassembly was bent to outward and the negative reactivity was inserted by the fuel
movement to outward.

1) Reactor Technology Section, Experimental Reactor Division, Irradiation Center, O-arai Engineering Center, JNC

2)  Nuclear Energy System Inc.
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FLDEBRIGER, RGEMEARNY M EFELBENY M EONEE
BEITZLTROBND,

“MERBA” Tid, FLBHKISELZ, YUFLEFOERERRETEY
RETHHFELLDOEL LTHET S, 20k, £EOHA LRI TE
REORARIGEIL. 2 DOHAREICB T 2R LBHEREDEZL LTRD LR
D,

4. 2 FEFBREKOFHE
PERERABRIT L O LB USE O ERR 2K 4-1 1ITRT, HERBRELIC
H-o TR, BEFFHALFICHEN MR-ILFOE A, EORGERBAINRS
ZEBRDODPoTL, ThIE, 3. 2 TRLEL I, 1F&AEDELREESE
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BHALRL LB TI TV 7 THZLICEBbDEBEXDNE,

Fio, HRERBRFE.LOFELEIC L 2BV LR HT Y ORICERAEIL,
MK-IIE LD —1.01 X 10°~—229X 108 Ak/Kk’/MW (38 4-2, 3 B8B) 25 LT,
—2.52X10%~—5,68X10° AK/KK’/MW & 2 Bl ER&E Doz,

B 43 IZHRERRFLCBIT2EMEN ER ST OFIGERAEDAR

(BREE, BIEM ., WEM, BC) OHBERT, Zhi v, SHEERETD
B B H7 ) ORIGERAER, MK-IHF L & R, ISR OBENC X
BIFE LB IS EDEITEKET B Z L b otz, LizdS-> T, BAHAE
%3@7‘: D ORGEFRAEOEME. FiZ, MK FLH 5 MK FL~DERE
R, RTIFHA DRSS RN L 2 210 E B B0 EER BN,

B, FROFSEBRAEDOEMEHEATE 2ETIIRWVWA, HEERERF L
TiE, MK AL EERY | PHEFE~VEZER L TWS72H, BC OBENC
L0 FLEHIC S B RSERARDOK 10%% &) BRADSISEREAS LI
Z &b, MK MEERBRICEW T, BN RS ORISERAEP R E
MPolEBRO—D2THB I eBbNnd, PHEFESWEOFHE Ny FERL, B
FEIBIALET A7, FLFLFMICEMNT BHEIE. BORIGEPRAS
ha, 4417 T LI, BEFFEAERERICRBNT, 5 9 FI0FEFE~D
ORIy FEOEMF RN —EDERILZ R 27225, 5 10 FUS DN T,
IEEAEBRFLFLFEICEMTA2ERRSH D, ZRIZXVADORKISERRA
EhieEZzbN5, B 10 FIOFEFESVED EENy FEITZ, FFFEHD
EREEZBNTIE, 7V IRy, FLEERCR LT 6N D,
Ry FEROFELHFLFRA~OEME, BNy FEBIHR Sz RETHET
WAWVEOEHIELZ LICE VAL LD TH S A, HEERERF.LOFHEF
EAWESRICIIBREEMR 2N D, £7% 0 MK F L O K LE il RS E#Z
Freid, ZOEHRELTILEEZLOND,

— 20 —
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Eo, MKAIFLICEIT 5 “AQUADHAT ik, BEFFARNEBET S
B OWHERT D35 8~10 IO RFHATEEIZHNAL, “TETRAS” 12X 5T v/ 3%
BEHERRID, 30~40CHEI 2D Z RN bhoTING @, MK-Hi P d
2 Th, RIS, 5 9, 10 FIOFHFENNETEE OB EA G HIB OFBIC ¥
BINDLEBZON, 5%, BTBEOH LEOD, “AQUA™BITIE & MieE
TOWFLIEHES A REERIED bt 5 = & T, MK Fiic i 545
NEGRERHE 2R L. MIEFEEZRETT 5,

CEERISE T A~10 BAICTFEESNTOAHEERR TIX, HAGKEEL =
T 5, SEOHERRLY . MKIFLIZBW TS MK FL & R, 55D
WIS & 3 MR MA BN BR S NG L E L bR D, T2 T,
PMERERER TIX, BIE L= AREE ST L, FLBHRSESEME L kT 5
ZEIRCEVABITIERRIET 5 & & BiZ, “MERBA” @ MK-IIL (R LMckt+ 5 F
HSELZTMET 2EECTH 5,

ZIEL, ZWETORRNS ., RTIFESLH O H AR D B AR EMET,
FB OB D B OBERZ T 5 2 8bho TS (D @ jigs
AR LIE, FREIRZ L, I OMBELOEE Y BRETILERD B2
. BRELCHV S HARBRIEMIL, HABE TR O AMEERIEDERE S F
ETH 5,
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F4—1 MK-II HEESRERT D OIS i UG E
(B AK/KK)
H 7 OMW 20MW 40MW 60MW 80MW 100MW 120MW 140MW
BREL | 4.09E-03 | 3.73E-03 | 3.61E-03 | 3.53E-03 | 3.47E-03 | 3.39E-03 | 3.31E-03 | 3.23E-03
#HBiER | 1.20E-03 | 1.09E-03 | 1.02E-03 | 9.75E-04 | 9.25E-04 | 8.90E-04 | 8.73E-04 | 8.49E-04
mEFT | 2.96E-04 | 2.67E-04 | 2.51E-04 | 2.39E-04 | 2.26E-04 | 2.14E-04 | 2.06E-04 | 1.96E-04
B4C 1.26E-03 | 1.26E-03 | 1.27E-03 | 1.28E-03 | 1.27E-03 | 1.27E-03 | 1.25E-03 | 1.24E-03
&% | 6.85E-03 | 6.35E-03 m6.16E-03 6.02E-03 | 5.89E-03 | 5.76E-03 | 5.65E-03 | 5.51E-03
= -5.05E-04 | -1.88E-04 | -1.40E-04 | -1.29E-04. | -1.30E-04 | -1.14E-04 | -1.34E-04

B H A H 7 0 ICEME NS IS E=HA EAROFE MEMRISEDZE,/ 17

0 — 20MW

20

40

60

80

—

-  40MW
—  60MW
—  80MW

100MW

100 — 120MW

120 — 140MW

-2.52X 107 Ak/kk’/MW

-9.40 X 108 A k/kk’ /MW

-6.98 X 10" A k/kk’/MW

-6.45 X107 A k/kk’/ MW

-6.50X 10 Ak/kk’/MW

-5.68 X 10 A k/kk’/MW

-6.68 X107 A k/kk’/MW
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F4—2 FE3YA 7 IVELOFELERGE

(BAT : Ak/KK’)
H7 OMW 20MW 40MW 60MW 8OMW 100MW
R 5.33E-03 5.28E-03" 5.20E'O3 5.17E-03 5.15E-03 5.11E-03
HE 2.55E-03 2.44E-03 2.39E-03 2.34E-03 "2.31E-03 2.30E-03
BHB 5.62E-04 5.43E-04 5.34E-04 5.26E-04 5.18E-04 5.13E-04
B4C -1.19E-04 -1.18E-04 -1.19E-04 | -1.20E-04 | -1.20E-04 -1.20E-04
G 8.32E-03 8.15E-03 8.01E-03 7.92E-03 7.86E-03 7.80E-03
= -1.69E-04 -1.41E-04 -8.64E-05 -6.54E-05 -5.59E-05

BAH A BT CHMEN 2 ISE=H ERBOF LBl RKIGEDE %

0 — 20MW -8.46 X 10" A k/kk’ /MW
20 — 40MW -7.05 X 10 Ak/kk’/MW
40 — 60MW -4.32 X108 A k/Kk’/ MW
60 — 8OMW -3.27 %10 A kk’/MW
80 — 100MW -2.80X 10 Ak/kKk’/ MW
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E£4—3 535047 NFELOE L GE

(B : Ak/KK)

H7 OMW 20MW 40MW 60MW 8OMW 100MW

ek 5.43E-03 5.36E-03 5.31E-03 5.27E-03 5.28E-03 5.26E-03

RIS 2.63E-03 2.52E-03 2.46E-03 2.40E-03 2.35E-03 2.34E-03

mEBF 5.67E-04 5.48E-04 5.37TE-04 5.28E-04 5.20E-04 5.15E-04.

B4C -6.74E-05 -6.81E-05 -6.98E-05 -7.04E-05 -7.07E-05 -7.07E-05

G 8.57TE-03 8.36E-03 8.23E-03 8.13E-03 8.08E-03 8.04E-03
= -2.02E-04 -1.33E-04 -9.96E-05 -4.95E-05 -4.59E-05

B HASHTZVITHM SN D ROGE=HA EREOFLERRSEDZ M=

0 — 20MW : -1.01 X107 Ak/KK’ /MW
20 — 40MW @ -6.65X10° Ak/Kk’/MW
40 — 60MW © -4.98X10° Ak/KK’ /MW
60 — 80MW 248 X10° AK/KK /MW

80 — 100MW  : -229X10°AkKk’/MW
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K4—4 HHEFE~WESEOTFRE Ay R OB E

IR Ay EL

SR I & 0—40MW FF 40—80MW FF | 80— 120MW B | 120—140MW b

7 KL R (cm) DEAME (cm) | OEME (cm) | OLEAME (cm) | OEME (cm)
T oMW

9A1 4.58E-02 2.33E-02 1.23E-02 5.50E-03 1.60E-03

9A2 7.94E-02 -7.50E-03 - -2.30E-03 -1.90E-03 -4.00E-04

9A9 6.76E-02 1.20E-03 2.20E-03 -1.70E-03- . :1.00E-04 -

9B1 4.06E-02 2.75E-02 7.90E-03 5.30E-03 1.40E-03

9B2 5.89E-02 2.50E-03 6.20E-03 2.80E-03 1.00E-04

9B9 7.93E-02 -3.40E-03 6.00E-04  -2.30E-03 -1.00E-03+

9C1 4.57E-02 2.25E-02 1.23E-02 4.80E-03 1.60E-03

9C2 7.39E-02 -1.25E-02 3.40E-03 -9.00E-04 . i| * -4.00E-04 -

9C9 7.74E-02 -1.20E-02 . 6.20E-03 -2.20E-03. 3.50E-03

9D1 4.56E-02 1.85E-02 7.40E-03 4.90E-03 1.40E-03

9D2 6.80E-02 1.40E-03 -420E-03 | - -470E-03 - .l . -120E-03 -

9D9 6.46E-02 4.50E-03 -1.40E-03 - ©=3.30B-03 | ~-1.20B-03

9E1 4.78E-02 1.84E-02 6.10E-03 3.60E-03 1.20E-03

9E2 6.40E-02 2.90E-03 - -1.10E-03 -2.60E-03 | - 1.10E-03" -

9E9 5.41E-02 4.70E-03 1.14E-02 -9.00E-04" 1.00E-04

9F1 4.36E-02 1.47E-02 7.10E-03 7.60E-03 2.20E-03

9F2 6.05E-02 5.40E-03 7.20E-03 2.00E-04 . 1.00E-04 -

9F9 7.27E-02 ~ -9.40E-03 -  2.40E-03 - - 2.60E-03 . ~7.00E-04"

10A3 4.07E-02 2.40E-03 2.00E-04 0 L1:00E-04 S 04

10A9 7.64E-02 - -1.09E-02- - -6.80E-03. 7 - |- “7.00E-03"

10B9 8.10E-02 o =1:53B-02" . ~810E-03 .} 1 26:10E-03

10C3 3.21E-02 6.00E-03 2.30E-03 . 2.00E-04

10C9 7.49E-02 " :1.28B-02 - 6.90E-03 | -5.40E-03.

10D3 3.25E-02 5.10E-03 1.10E-03 . =1,00E-03

10D9 7.56E-02 C-1.36E-02 0 | 272003 - 4.80E-03 .

10E3 4.04E-02 2.90E-03 1.00E-04 L =2.00B-04. |

10E9 6.99E-02 -7.80E-03. = | - . -430E-03. " | -640E-03 "

10F3 4,11E-02 2.50E-03 1.40E-03 6.00E-04

10F8 8.80E-02 =1.66E-02- " -6.90E-03 | - -3:40B-03 ' - -1.00E-03 .

10F9 8.89E-02 -1.53B-02 | "--7.00E-03 | ©-540BE-03 | - -1.70E-03 -

10F8 , 10F9

7 (—)

FHRLEEDSNY ML EORS DR
D LTI
1B (EEED) : 43 DsMRl 5
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JF=3 JF=3

Ry F/I/E;\EE

JF=2 JF=2
Y
JF=1 JF=1
WH R BEE B2 3 TR v WESISEMEAEAN Y Fv

WERISEMEAR~Z M OB EE

JF1
I WERIGEAERZ hrDOREE (Ak/kk’ /10% f8/cm)
Viren Jgpean Jpos: 3FMRZ MAOREX (Ak/kk™ /10% {E/cm)
ap WERISERARNY NV OFHE (rad)
W LTS Bl S BE DB Y 7 i
BR=|J | Bz |cos(az ~0,4))} DN -VM - FN
BR : P UEHRIGE (Ak/kk’ )
B BEE (cm)
0 : BHFH (rad)
DN : FFHEE (X10* &, cn’)
VM : Ay ¥ a5 (cn’)

F N : BEMEE

K4 —1 FEmRGSEDOFEGE
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0 20 40 60 80 100 120 140
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LS RS BRI & A5 A “MERBA” % FAV T, MR- P58 SRBRIE L D fRAT

BT o7 ER. UTICRTRERE N,

(1)

(2)

(4)

MERECE R § 0 R EDHREEMOBEIZL Y, BFFEERCRBNT,
MK-II D & FfR, P OBREBIE S ESFE LR LRI EN ke L 2 5 =
EBbmoT,

BRBL & RS DB RN SN F DREHE SR ORI Y R
ORI 13, B, FFFEA LRI T, MK FL & FREICE
DM ANC L L T,

MK-IL R & Rk, RSP BRI BORISENEASNS Z
LD ot, R, FLEBICE BN RS ORGERAR
. —2.54X10°~—6.72 X 10 A/KK’/ MW T, MK-IL {700 2 {521 ECH
27,

B /EERRAE COF MBI KA B A LR H 720 ORSERAR
L. EICRBOBENC X 5 IF LB RISEOELTERET 5 Z L dbho
2o Eiz, HRERBRFLICH - TiE. £ 10 FlOoPHEFE~NESED S
[F/3y RERDS, SPLHLEEICEM T 2ERRSH Y | FOEHEICL 36
BERAROR 10% % 5 5 RORIGER, BC OBBIH, BASS
ZEBnbhrol, |
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6. HiEE
AHFETD, “MERBAMIZ L 5FHEIEETIE, ) CRCYVa—varx &
BEER, 74 - 74 - VoA BRAH ABEER. IRETRICSKR ZHA
BWEEEELE, DDIRESES O ELET,
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F B EEFAFERY v b FS3-032 ORI [EB) MK el
SRR o — ROB%  BARTA%STILRIE Voll Nod pi3s~
340 (2002)

E.UXKhan,et al. : A Porous Body Model for Predicting Temperature Distribution ‘in
Wire-Wrapped Fuel Rod Assemblies,_Nuci.Eng.Design, 35(1975)

mAL Bl FARBREIZZE L MK AL ERMENT  INC TN9410

2002-001 (2002)



