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JOYO MK-III Performance Test
- Criticality Test, Excess Reactivity Measurement
and Burn-up Coefficient Measurement -

Shigetaka MAEDA™!, Takashi SEKINE*?,
Akihiro KITANO*2 and Hideaki NAGASAKI"3

ABSTRACT

The MK-III performance test began in June 2003 to fully characterize the upgraded
core and heat transfer system of the experimental fast reactor JOYO. This paper
describes the results of the approach to criticality, the excess reactivity evaluation and
the burn-up coefficient measurement.

In the approach to criticality test, the MK-III core achieved initial criticality at the
control rod bank position of 412.8mm on 14:03 July 2nd, 2003. Because the replacement
of the outer two rows of reflector subassemblies with shielding subassemblies reduced
the source range monitor signals by a factor of 3 at the same reactor power compared
with those in the MK-II core, we measured the change of the monitor’s response and
determined the count rate “2 x 104 cps.” as an appropriate value judging the zero power
criticality.

In the excess reactivity evaluation, the zero power excess reactivity at 250 °C was
2.99%0.10%Ak/kk' based on the measured critical rod bank position and the measured
control rod worths. The predicted value by the JOYO core management code system
HESTIA was 3.13%=0.16%Ak/kk', showing good agreement with the measured value.
The measured excess reactivity was within the safety requirement limit.

In the burn-up coefficient measurement, the excess reactivity change versus the
reactor burn-up was evaluated. The measurement method adopted was to measure the
control rod positions during the rated power operation. A value of -2.12 x
104Ak/Kk'/MWd was obtained as a measured burn-up coefficient. The value calculated
by HESTIA was -2.12 x 104Ak/kk'/MWd, and it agreed well with the measured value.

All technical safety requirements for MK-III core were satisfied and the calculation

accuracy of the core management code system HESTIA was confirmed.

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

*2 Core Development Group, International Cooperation and Development Center,
Tsuruga Headquarters, JNC

*3 NESI Inc.
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DOFEEIL, MK-T LD Beff DFRRZEN 2.9% L FHH I TEY . MK-T A0 & MK-THFEL O
BRI BB LT, AMEETIT B DiREE 3% & L4116l

F7o, FERNOTFRIRERE 41612 TR L 72 100°C T ORISR EE I 3.57% Ak/KK’
ThHY ., FFIRELSETF A HFEEICED D IRIETH 5 4.5% Ak/kk™ LT ZHE8 L
7o REMIZRMIET — 2 2R 41 17T,

4.3 fENTRER L RIEME & i

MEK-TIT PEREABRIF O OBFISUGE O TR R 2R 42 IR T, Fa2— RICL Dt R
IR B LTV BN, A EL A V- JUPITER EEUEREHT FUER R0/ S UVEE R &
o TS, ZORKELT, MEFEHOMBIIKMINT-ESFERIFEL LT
JUPITER &0 KBUFF— & Th v . /IMN@E#FIX FCA R [#B] MK1 5 —4 DA TH
L720, TEBGI R ORFERENFMIESN TWRNWZ ENEZXHND, ZOMMIZD
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Wi, ADJ2000R % i ] L7284 0 MK-T JF L OFEATER~OFETHER I N TV D
[4-4]

£ 4-2 LV ERE & REMEO A~ FEHE & TRIEDOZ(C-E)NE-0.20~+0.37% A
k/kk’ Th YV, RAHIPAN T THE & ERMEE R —E L7z, £72. HESTIA /% 0.14% A
k/kk’ T, #EHBEANT &KL TEBY ., 4% 0 MK-ILESIZB T 250 0EEIC 072t E
FEEZHLTWDZ L amiB L,

4.4 BEEREETREOFE

MK-Ml OZ 2T WX R FEO RS EEZFHE L2, Z 2Tl et v
k& LT JENDL-2 (285 < 70 BEfF &%k JFS-3-J20417 % FV T 70 FED EhWr i Fs % 1ERL
L. 2% 7RHCHE L CHREHRICHO TV, ZOFETIE, 2 kot RZ (K% 7 BELHEL
IS L A PET R A WL TREER (2DBURN) TS m Ay 2 ) v 7 LR
BEmEZRD, 2RI =M A v 2iti (TRIANGLE) 12X Y 3 WocHH & &4l 75T 2
fToTn5, ZOHEMEHREICKT HMEIL, MK- THERERBROFZREIZKIT 5310 7 A4
EEERH L,

Kk at et A TR X AP L CoF U U ARE 250°CICE T 2B EISOGE L,
2.62% Ak/kk’ T 5, —J5, HESTIA } O MAGI % i\ CHEHE A AR L O iE i) B 2 33 1)
DRSS ZFHE L, 2hvd MK-TRERBR COWUEM 2 AV TS 7 AHIE L7oRE R,
HESTIA T 2.46% Ak/kk’, MAGI T 2.80% Ak/kK’ & 72 0 | Bkt RIC L DR L I1FIF—
BLIZ &b, UMl LT,

F7o. MK-MIOZEFEEICHW R RFEOZ M AZFTH L7z, 2 2Tk, FiE
Bty b& L TIFS-3-J2 ZHW\ T 70 O LW A ERL L. Z4LE 7 BRICHER LT
WRHRICHN TS, ZoFETIE, 2 %ot RZ (5% 7 BHEHGHRIC X 2T A2 AV
BRBEFH L (DBURN) TG b Bl 5Ny 7 U v 7 L R BB E 2RO 2T = A v v
2 FHHR(TRIANGLENC KLV 3 WRotatsH & Sl 72 i 24T > T\ 5, Z OREMEGFHRIT T 5
FRIEIE, MK- IPERERRER O ERNEIC KT 534 7 A EEERA Lz,

AR FIEIC K D MK-THAERERER ORI E O FHIEIT 8.21% Ak/kk™ Th o7,
FRE L OFEIT 0.22% Ak/kk™ THY | BHEFCRIAATZHRENT L TND Z & 2R
L7,
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# 41 WBRSERERR

HIE R 2003/7/2 1534 14:03

GEIEFEIZES SHENLE | 7 v FASAHIE | SO B i

e (mm) &AL [E (mm) (%Ak/KK")
CR 1 412.8 412.7 0.641
CR2 412.8 412.8 0.231
CR 3 412.8 412.8 0.617
CR 4 412.8 412.8 0.639
CR5 412.8 412.8 0.225
CR 6 412.8 412.8 0.631
7 F A E AR I R B FE (% AK/KK) 2.984
AL—T 1586.0
1 IR B EB i B (m’/h) B/L— 1597.9
15 1592.0
AL—T 251.6
N BL—7 251.6
[FESTPNE T 2516
A EIEHELFE(C) AL—T 250.9
A B/L—7 251.6
) 251.2
A, B/L—7HA Oy 251.4
AN FHRFE250°C~D SO FE Al 1F #o(%Ak/KK') 0.005

(SRR -3.74E-03 (%Ak/kk'/C))

7 FRL N DHEREE AR 5 SO (Y% Ak/KK") 2.989

IR IE (NT-321) T

k) SV AR R E (NT-333) TN B

# 4-2 BRI ERITRE R

ST AR IE 3 2 D HE AL I ##R 5 5 H

_ TRIE FHIRE RIEfE BIERE C—E
FAIFE (B 73250°C) (1o0) (B #250°C) (10) [9 Ak/KK’ ]

% Ak/kk’] |[%Ak/kk’ ]| [9%Ak/kk’] |[9%.Ak/kk’ ] °
FILDEEI—F X T L“MAGI+/ N1 7 AHIE 3.04 0.15 0.05
FIHNEHEI—RFY AT L“HESTIA"+/ N\ 7 AFH1E 3.13 0.16 0.14
JUPITERIZHE FR AT F-iE+/\ 1 7 RIB IE (JFS-3-J3.2R) 3.36 0.17 2.99 0.37
E2THILO% (MCNP, FSXLIB-J3.2) +/\( 7 A$H1E 3.16 0.13 0.17
JUPITERIZZEFZ AT TF %+ & 47 7€ #X (ADJ2000R) 2.79 0.34 -0.20
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5. MABEZRE (NT-335)

5.1 RREBERBDOER

JEF-HA O — 8 H TR 0E 5 @RI SOSE O FifIE, B 51 OFERD X 5127k b, iEik
I OBREIISERTNEATH LD, B 52 (7T 28U 75 29Pu ~@kibd 580
239Np 7> 5 239Pu AR OEEN CEREEY - 2.35 B) ICENT 5, 20z, [H Tl
TEAGEES Y A 7 VI 1T D RBEAR I ORI ER H IEIEN B ARG OT — &#6%&%
THZELLTWD, L, PEEERER TIX, 100 RS ROERR O IR W CHIE 217
9728, HIEMIZIX 239Np OARRIZ K D AT OWEISISER T 25 ATETH 5,

5.2 RBRTIE L PIERSR

TEAS i rEERER (PT-302) OHIMIZEH VT, BREEIC X 28I SOSE OIK T 2 i
T 572012 8 KReMEIC IS 2 1 FHHE O BE ORI E . JF-57 A O ER IR e O
BRI 25t 5, HERALE & HEERIE R DIERIOSEZ BN L, £0&EL
FEAE B ) 720 b BRI B ) 72 OFUSEZE R (BBERED 2R L7z, 22T,
H 1 B VR4 N THREE 1 140MWt, 350°CI272 5 K 9 IZE N ENRILERIE S iz AR %k
B VIR A IOV THIIEAR 1T > T\ D, RHRE TIIRT,

= p+(350~T,)xC, + (140~ P)xC,

(Y
(Y

T, P EREGFRFOBREISISE | p o WIEERALE D DR O T2\ SOGE
T, : J?%IFJ\DM“ (C) . P RTIFEEH ) (MWL)
C, : FEAARE (MERERBRAIESH : -3.74 X103 % Ak/kk’ /C)

C, : % (PERERBRIIENE : -2.19X 10 % Ak/kk™ /MWt)

Xl 5-3 | ZIBFI S E OFEF A 269 2 2 b &4, £ 72 RIS @M oM 2 9,
B/ T IRITEL U TR O T RBER B D E 5 Bh1E-2.12X 104 % Ak/kk” /MWd ToH - 7=,

5.3 fEMTFIE L BIEME & D

PRBEAR I DA 1T MK-TIIF OBl — R 25 2 HESTIA % W T, ORIGEN2 & [Al%k
OATFIFREIEIT L0 BRBEFARL 2 5741 L . 3 WROCHEHGG . TR 7 B H 77 iis o W &
RKINTI T 2RI SO E D7 & Z DM OFER B O HIZ X - TR L7z, HESTIA 2 &
L IRMTEIZ-2.12X 104 % Ak/kk™ /MWd TH VY, JIEEE B —8T 28R L o7z,

5.4 EERFEEIEOFM

RO E RS BT ER A R (-1.9~-2.3X 104 % Ak/kk’ /MWd) OHFIPANTH S Z & 2
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FA-1 BREBERBOIER R (GEHD)
No. =g 2] FIEIEGIE  (mm) FRFFEADRE 2EH |BEREN| BERGE
CR-1 CR-2 CR-3 CR-4 CR-5 CR-6 | [FfE (°C)] (MWt) (MWd) (% Ak/kK)
1 | 2003/11/14 | 14:00| 516.0 515.0 515.9 514.7 515.0 515.0 349.1 137.2 4031.6 1.160
2 | 2003/11/14 | 20:00 516.0 515.6 515.9 516.1 515.4 516.0 349.0 136.6 4066.2 1.150
3 | 2003/11/15 | 4.00] 517.0 516.9 517.0 516.1 515.4 516.0 348.4 136.3 41120 1.140
4 | 2003/11/15 | 12:00| 518.0 518.0 518.0 517.2 517.0 517.0 348.9 136.5 4157.6 1.128
5 | 2003/11/15 | 20:00 519.0 518.0 519.0 518.7 518.0 518.0 349.4 136.3 4203.4 1.116
6 | 2003/11/16 | 4:.00[ 519.4 519.0 519.0 520.0 519.0 519.0 349.0 136.5 42493 1.105
7 | 2003/11/16 | 12:00 5204 520.1 520.1 521.0 519.0 519.9 349.7 137.1 4295.2 1.097
8 | 2003/11/16 | 20:00[ 521.2 521.0 521.0 521.0 521.0 521.0 3495 137.7 43411 1.087
9 | 2003/11/17 | 400 5212 5221 522.0 5221 522.0 522.0 3496 137.6 4387.3 1.076
10 | 2003/11/17 | 12:00| 522.2 522.1 522.0 523.1 522.0 522.0 349.0 137.0 4433.6 1.067
11 | 2003/11/17 | 20:00| 523.0 524.1 523.1 524.0 522.0 523.0 349.3 137.8 44797 1.058
12 | 2003/11/18 | 4.00 5240 524 1 524.0 524.0 523.0 523.0 3487 137.4 45258 1.048
13 | 2003/11/18 | 12:00| 524.0 525.1 525.0 524.0 525.0 524.2 348.8 137.3 4572.0 1.040
14 | 2003/11/18 | 20:00| 525.0 525.1 526.0 525.0 525.0 525.4 3495 138.1 4618.1 1.033
15 | 2003/11/19 | 4:00| 526.0 526.0 526.0 526.0 526.0 525.4 349.2 137.3 4664.3 1.022
16 | 2003/11/19 | 12:00| 527.0 527.0 526.0 526.0 526.9 526.1 349.1 137.2 4710.3 1.015
17 | 2003/11/19 | 20:00 527.0 528.0 527.2 528.0 527.9 527.0 3495 137.0 4756.8 1.004
18 | 2003/11/20 | 4:00| 528.1 528.0 528.1 528.5 527.9 528.0 349.7 136.9 4802.8 0.995
19 | 2003/11/20 | 12:00| 529.0 528.0 529.0 529.0 527.9 529.0 349.4 137.3 4849.0 0.986
20 | 2003/11/20 | 14:30| 529.0 529.0 529.0 529.0 5285 529.0 349.2 137.6 4863.5 0.984

* AR E . 2 SR L &

¢20-500% 00V6N.L ONI
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