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'The Detailed Measurements of Control Rod Worth and the
Reactivity Coefficients in the Asymmetrical Control Rods
Arrangement Core of "JOYO"

The Detailed Control Rod Worth Measurement (II)

A. Omura), A. Yoshidaz). Y. Shimakawa?,
S. Suzuki? and K. Kinjo®

The "JOYO" modification program, named the MK-III program is now under
investigation. The objective of this program is to make "JOYOQO" more efficient irradiation
facility which serve as an irradiation bed for the development of FBR fuels and materials.
During the 9th annual inspection, one of six control rods has been relocated from the 3rd row to
the 5th row to improve the irradiation capacity. The control rod worth and several reactivity
coefficients have been measured before and after the change of the control rod arrangement in
detail.

The principal results of the measurements are as follows;

In the rod drop measurements, the effect of the relative direction of the ex-vessel
neutron instrumentation system and neutron source ,which affects the accuracy of the
measurements, was decreased by operating the measurements based on the experience that
has obtained through the last Detailed Control Rod Worth Measurement.

. The worth of the relocated control rod has decreased to ~1/3 .

. The other core neutronics characteristics were not changed by the change of the control
rod arrangement.

. The isothermal temperature reactivity coefficient for the core is -4x10-3 %Ak/k/°C,
which is almost same at every duty cycle.

. It was confirmed that the flow rate reactivity coefficient consists of two independent

factors, one may causes a reversible reactivity change and the other causes an irreversible

reactivity change. Furthermore it is supposed that the threshold flow rate level that occurs

an irreversible reactivity change is not the same throughout every duty cycle operation.

1) Reactor Technology Section, Experimental Reactor Division, OEC.(Present Address;
Frontier Technology Development Section, Technology Development Division, OEC).

2) Reactor Technology Section, Experimental Reactor Division, OEC.

3) Reactor Technology Section, Experimental Reactor Division, OEC.(Present Address;
Litigation Support Office, Administration Division, Head Office).
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Chid 250°CIc 17 BBRBICEOBRMEE (F4 L OHERT v 7Na 1 RUNa10D;EH
RIEEDE) kL3 bDOTHD . BEDMETHEKDBEENRONT VB, HE2UY 1 7
D 950°C TOBBEIE 0, 0065AK/KTH D, H23" A 7 LOFMER (0. 007T5Ak/K)
LiBF— L1, Ff. 170°C~250 CRIDHIEIc B 2 FRAEFRBIZ. 250°C~370 °C
MOMEIC B 5 SRAFREED bBIHELNPPRE VA, ZOHEMbBROMEHR L
—¥HTB3bDTH-1o
250°C~ 3TOCRIDMERERE. BEDMTEHER LB L TR 3I12RT. MK - T4
BI2Y A 7 VLI, SRBEREOMEEIE. — 4 X107 ¥Ak/K/ CRETAESZALIT
(. SEDBEUS A 7 VONEE b IRIFRBECMHE LD, HEBOBRI® TERBER
HOZALIZIBYD SNIEh - feo
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#4 1 WY A 7 VSREARFRINERRE R 7 v TBRMBIGBENERR

WM ADRE (C) BB (K Ak/K)
A loop | B loop | g | #HIERG | 3»% #HIE | CRD #KIE | HIOHIIE | WHIES

250, 7| 250,6| 250.7( 3.261 0. 000 0. 000 0.000 | 3.261 }
241,6| 241.6| 241.6) 3.297 0. 000 0. 000 0.000 | 3.287
230,5| 230.3| 230.4) 3.349 0. 000 0. 000 0.000 | 3.349
221,6 | 220.9| 221.3{ 3.385 0. 000 0. 000 0.000 | 3.385
208,7| 208.8| 208.8) 3.437 0. 000 0. 000 0,000 | 3.437
1992 | 199.2| 199.2§ 3.475 0. 000 0. 000 0,000 | 3.475
189.3 | 189.2| 189.3) 3,516 0. 000 0. 000 0,000 | 3.516
179.6 | 179.6| 179.6{ 3.555 0. 000 0. 000 0,000 | 3.555 4
171.2| 171.2| 1712} 3.687 0. 000 0. 000 0,000 | 3.587 1 L
249.4 | 249.3| 249.4) 3.267 0. 000 0. 000 0.000 | 3.267 | B

.......................................................................................................................
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AR AN

Swoo_ooswn-

% —RBSHMREOE, Mic k3 RIGEELRBNTD - 1 fodb R L 7o
F7-. Nl12C R HUHIIE £ EM L oA, & OB ARBUIE24Y 1 7V LRED
#120MWIHE D ISERE B (-4, 03X 10-3¥ Ak/k/MW) Z R\ M o

%42 BUTA 7 VEREEGRMNERER

% Ak/k/°C)
i) & FE0H 170~250°C 250~370°C
SRBEERYK R T I LR L&
&Ry — G -4, 11x107° -4,09%x107°
fEREZE (10) 0. 002(% A k/k)
-4,06%x10"°

& B @ T3 -4,12x10"°
fEiaRE (10) 0.002(% A k/k)

%43 BY4/NVSEBERBAUESR
(250, 370°CR : % 10-3%Ak/k/°C)
Y470 19 | 20 | 21 | 22 | 23 [23" | 24
SR BEERY | -4.06] -4.15( -3.87| -3.88| -4.03| -4.19} -4.06
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5. #t B R 5 K & ¥ O Ml E

MR Tld. —RSHIM RO LT, BRRIGHEAELT 3B BMlshTL
3. T OBOBAEHRELND OBMRIGELLREHBEUSEREE LTERL, ShET
MEONEHRREREL TS0 cNETONERBE D BONMREUTIRRT" o
© FRRICHEFHORKTHEZ, BEREE O FISHMGLE I kET 3 EANR Sh 5. EfHR

(100XFLow) A5 B0KF lowte B & 7o W 0D IR AR BEZE AL % BRRRING 0D I G0 HE T | 142 1R & il

BEAR & D SIEROMB GBI LICRRT 5L, 0% 4 7 MIEBOTHI 1 mT—K

LTWaY, chdkb. RERGERBOFREO—> & L THRE & HEBOIE IS 6

BB OTALHEL SN B,

@ EREKEREL D KEEETS ¢, BEEHRECHTERER LB R]RIGEA MY

5o

823" ¥4 7 MicBVT, BMERC K 3 HRRSERENERRERG LI L A, i

BT 132 5B S TR A LIS B L RUSEZAEN R S hichs, EREHCE# 45)

FlowSl FOMBERTREBRERL S HTORBELELBRON ST, h&D . HE

FEic . ERBICRBEED S B L EL SN B,

oY A 2 LTI REFEKOREREO—BE LT, TLQOEREED L. UTOBH
CHERE ML 7.

RESHEOBRIEDHR L T ORI ITIEE
B AL % 1o L 7@ R S BE DS R L D 12

5.1 HBROAFKRLFIR

B 5 Lic®E249 4 7 VORBRISERKUERBRIEORBRETRYT, HRIREFRE
B WTHEEBREETS L8, HROSEREL. HHELEOL(LEERT U
FHEICEDFoe ChICED . REFSEERICIBEL. & SIABIUROFEICLDE
BIFUSEED M L 72383, & ORRMIZE(L bHIEBIRIEETT 5 2 L2 RERICDI->T
BRI I EEL

PUTCRBRAEERT .
O ERARRBICEVTHEELZEER, BORERIRE (ch 105HR : 493 x10°(cp

s)) &95,




PNC TN9410 93-290

® —RSHHTEAN lovE TIET & ¢, EOHOch, IOBEDEALEBMT 5, 105,
= O, HIEHERIE R —FbEV O LT B,

® 5 1 12RT & 5 it B%65—100—65—+30—65—100%f low& &L & iR oW T
ODRIEER D BT 1. Bk, RREUGERMICRBAENE S B, ki
A100%F lowRABICER L, ch. 10 EDZE(LEEHRT 5,

5.2 F—5E

ERRAEIC L BMEICELS. HEHE 6 RIG%H | HKEERIRE (ch, LOFHHER : #95 x10°
(cps) ) LD #IGIEE 1 KFD>2~3miFAL. TOKDch 1OHMBEINET S LITK
D. ch 1DMEEBA(LH > ORIGELELBMEIE L 7o HRERS 1IZRT,

o T HIEBRERD S ORIGERAROEIMICIE. $24Y 4 7 VTR L7 4 AR
g & R P TER L RS ERE RV 1.

F — & IR Z AR ED S Dch, 1DISEDZEALE RS LSBTV TRISERELICBAL .
FNELTORICHAT S I &ick D HBSUGERE : CflowzsR¥T,

Cflow = Ap/AF (§Ak/k/kflow)
ST Ap : HBEEARORIGEEL (KAk/K)
AF : RBZEERROKBRZEL §flow)
TH 5o

5.3 HRER
(1) TREEEORH
BER RS D — R ARSI R & BRI B DISE D JOYDASIEER 2B 5. 4 ~5.11IC/R T
5. 1EICRLABHERICLVBRERMBLILEIA, RF vy T1IDDLRT v 7 2065
Kflow ~HBEB TS BB THENEREBD., ch IOHBBEO LRI IEE SUh -7
(5. 4~5. 58M) . £ T BNFHICL 28R BPIEL. BOFHRICIZREICK
WA LELi (R 688 o
TP, FIEBREICEDFEARERE L. £0%, 655 lowic BV Tch. 1D5H A 3
X10°(cps) —EICTE B & O IS HIEIBRIEE T\, TOBOHIEBAE & —REHH TR -
BEXNE L. Kb, FIEREY > OBRSICEDRMICIZH4Y A 7V TRELL
4 KRB R LR Y A FEL OER L flEEBREMRERAV . TH, RERKEC
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BOTHEERTS LR AMEETEEML. 3 X10°(cps)—EIRMOHTIE, 3 X 10
counts DA HMIEE 3ERDEFT I LIk DiT-7, |

WodH 4 7 VEBING B MIFE RO R TS - fofesd, R D/ Bt T I D HMBE I
TEDY A 7 VD10 DIEN - tee FDId, UETFHEYBIUNE | TEHELEREL
THYHBOEWVRIETERICRLLbDLEL NS,

%mww#61%v73@N%kumﬁ%ﬁLtwﬂK$MTﬁWﬁm&®mE%%
MATy S | ORBREDKE C Hofefetd, MBEMD . £OROHBIEER{ESeh L
L. 100%flowdRBIC & W\ THIBIBIRIEZ T\, ch. 1 : 493 X10° (cps) —EIREEHFT 5
CEILVRISEEEERTHILE LT,

chk . BUY A ZIcBWTIE, 100 ~ 65%F lowiic RIS EEL L EX S
hz, ShidEes H4 7 )bickid 2 RERER (H455f1owhT1)) LREBHDTH -
feo Eto. BV A ZIVEOCIETF-ohBERTIE. —BEIC 30KflowE THEZMT S &,
HRE BRI ERLIZEZ A, 30~100%f lowll TRIGEZILOR O - 1o (BEL
LT. B4H A ZIEOCOMBHREERS. 3ICRY) o Thib, HERGEFRBOR
BT A I NICLk > TRUEB BDEEZA BN D,

(2) FEEBUSERB D

%5. 2 ILARRICH T AR L BRFKCEDMERRETRT. Th&D. ch1: 43X
10° (cps) —EARRBIC B W THHE L - B RIGEREE LUTITRT

B TE (100%flow— 65%flow) : -6,0% 107 (KA k/k/Kflow)

il L5 ( 65%flow—100%flow) : -3.7x10"*(§Ak/k/Kflow)

R5 2 icMK - THEOTERL - HBREBUEERERT. 24T 4 7 VBB 5/
THOHBGERBIZ M COMNEERODTHRIHEN B OREN 72, 12720, @
HEGEEO—RBHIMEROLH I L VAEURICEE LA EITRASLRTREIVA
%, EiEPELUOHMSHMELENS bOTIREW,

e, HERLASOHEBRRICEFRED S\ 30~1005f lowl O RICEZE(LES T B &
0.026%¥Ak/k& 155, REROHMBEBAE (K 420mis%) & HIEBSEMMRIO COK
IGEEEE (LR % SIEHE 6 KOMA R ERILICHEET AL L lme B, BEDOYA7LT
DOHERE—BLTVS,

(8) BRBUSE OBEMEILICOWVWT
65%flow > 8 X5 v THD100%f lowic B ER L1z, W8RMICH/Ac>T ch. 1 :
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# 3 X 10° (cps) —SRINMRE M L 120 SEOBMRTIR HFFAQBEIFFLETHY .,
BEREHE LTV AMcERREHBORE TR SNA (6. 7~5118MR) o L
L. BRI EOEEN—BT 5 &5 IcHIEBRIEETV. ADBBEOZILICLSHK
EEDFNEME L& T A, BRBISEIRC OM%E LT 3.28510, 001(KAK/K)T
Hoteo ST, MEWIB10E LT,

H 5, 312244 4 7 VB IC M L7zch, L: #95 x 10 (cps)— BRI BT 52 TD
BREISENEHRERT. chd b, HELEES (3/14~3/1TRHE) DBRSIGEE I
3,251+0, 001(KAK/K) T—HLTHY ., —F, HBEEHR (3/18~3/195HE) DBMBIE
B33, 26410, 002(XAk/K) T—HLTWVWA, ST BEWEIR 1 0 THB. Tk,
B S Hvic HERZEERTRICEVTH0, 01K A/ DBISEEANR o0 5.

BEDOMEIZB 2 ORGE LARIZ, # 0.005~0,01(KAk/K)TH D EEDH
23" H4 7 L TH0.01K5AK/K) ESEDHREBL ~BLTWS, ik, MBEER, R
FIRORE) « #IEPESBRABEREAUERBRICHEZ—RDOTS5 v MRMELZITVWRENSH2 B
MR AT - 1224, BRBUSEICELBR N1,

1585, 3 X 10°(cps)IRMETHE L 7o i MEAL I D BUSHE #1320, 010(KAk/K) & 5 X 10"
(cps) PRIEDREEERE—FKLTHED . Shi D, 3 X10°(cps)KMET ORI EFAEL AN
F>TW35 X10'(cps) RIELFRETH 0. RERRETONEREICHBIZIEN- 72
EEZONB,

5.4 % B
(1) HBECEFRBOFRICOWT
R EREDOLDRBUROEE. BUCKZ(LRO SIS AR K FER O RE B %
DREBIEEO LA ERT S L., HBEIGEFRKICEDEL ELTOULORENDS 5
LEZ SN, FORBMIUTOLSCAHTE S,
@ 1 OFREDHEM
LEVWRERD. ThUTORRTREALLEL, B, LEVHRIYI7 L
ic&k > TRI 3,
TR T, LRMNE bANICERT 5.
HSR L R RTFEEA D B0
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@ %2 DREDHH

. RIGEZ{LRIZNE <L 0,005~0, 010(¥Ak/K IR TH 3,

AL IR 5 (R THEICER L, LRBICIERALLEW) .

¥10oREE LTidtigis Mo moBuBEE A~ -To—-h 5 L

SDHN AMALBOB(LDOZOMNHEL SN TV S, LEVHBOEER. Theh, W

HERELDORRR. /7 RBAABATROTED S RANEETH 4%, LEVLHIR

DA 7 Ick » TELTARBEBRHTEL, fodo. FUCBEZE (L IS il 40148 iz IR (K

FREHS I EM D, FIHOTMERIE N EEL 5N B,

W2 OREE LT, MlAE, HBRELIED. ThE THEOFRETHEAIC %t

LTWAREKITLESI LS U AN R LNEL DN,

PLOFEBTIR. fREGERMOET 22 TOM/EERTT 2 ICERT2TH 5,

Ak, RERHEOIHDICIR, ESRERNTRENVHBELEZI SN,

(2) 416048 T AT oD 51t I RS BE (R 3K

WY A 7 VO BT ORBEISEFREIE. -6.0X10 ' (KAk/K/%f low) & HEXHEA
INETORADIELN ~120 UTICEDREAETRT .

4. Mt LREOHRBREGERBIE. -3. 7x10" (KAk/k/%flow)) THOH. Zhiz#l
ARG BEKER AR S B IOFRICLZLDLEELONSE, Th&D. 100 ~ 30%flowhit
BRAACIcHY T 2 RIGEZE{LI30.0238%Ak/kE 8D, STHAERRIFD 6 KOF|HEIBOKS
FI B LI RT AL 1mEEs, CHITBEOHEBRERE-HLTV S,

—%. HBEALHIRORGELELD., 0.015Ak/kEBEDY A 7 VE—BHL TV,

LHL., BEDRERIZL T, 20~100%flowil. 7:1330~100%f lowfi THiREZE(L S E
TWiDizxt L, 2444 7L Ti2100 ~ 65%f 1owlH] T L O BIEZITE M - 1o TRBIKIFY
DIEWE 2 OFRNFHRRIGERBIC LD 2R EALUNICRD B &, BEOHR & 249 1
I VTCENEFRLUTOEEBY &5,

BEORB:  -0.005~0, 010 / (100-20)~(100-30)
=-0, 6~-1.4x 10" * (KA k/k/%f 10w)
#way 470 -0,010,/(100-65) =-2.9%10"*(¥Ak/k/%flow)

Ih&b, 824947V TiR, B2 0RELFHBEIGEERIIC LD 2 BHGBED 2 (£1R
Eiciih, HRETHONBRRCERBOBIENKRE( L bDEELLNS,

P& b, BERETR THREISERBICREMNEI - EER SN B,
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#5651 BEREHEICEEL S SARIGE DK IF
ch, 13+#(# (cps) | ch. 2H- %R (cps) || MIGIEIRIEIC & 5 BULEEE(L (¥ Ak/K)
0 4,96 %104 3. 55X 104 0
1 9.23x103 6.60x103 -0. 01046
2 3.66%103 2.60x103 ~0. 02652
3 2.25%103 1.59x103 -0. 03943
4 1,63%103 1. 16%x103 -0. 05177
5 1.23x103 8. 70 102 -0. 06780
5.2 5SS EE ) B R
i RKflow)
100 65 100
5w FEAMEBRIRIGE®RKAK/K) 3.270{ 3.306 | 3,281
7 v FR. BREWMERBRGERKKAK/K) 3.276 | 3.300| 3.286
A, BIL—7Figik B (Kflow) 102.6 | 64.5| 102.5
5. 3 2444 7)VBO CRARRICENMELLR
(250°C. ch.1: 5 X 104cps)
- BFEBUSE (KAk/K) " x
MERLR (FHE| Lo
11]3/14 11:01 3. 251
2 [ 3/15 10:47 3. 250 3.251 ( 0,001
3 | 3/17 16:00 3. 252 HRERNERER « HEZEER
4 |3/18 5:36 3. 264 HEAREKIELR . KBEER
5(3/18 9:07 3. 262 HBRFEHNERRE. HiiEH
6 [3/18 9:41 3. 265 3.264 0.002 | HEABNELER : BELEERH]
T3/19 1T:22 3. 267 ZERFRBNEHER . BEXEH®R
8 || 3/19 17:12 3. 261

X FIAMEEIERD O DBRIBUCENHIC I HIEBIERR TIER L /- SHMBKEdR (3 %S
R) 2B L. £k, AREGEIZ. SRAEFRY (4ESR) LAHWVWT. 250°COfHIc
HELTW3,
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1004

65%

30%

®5 1 HEBECERKRERO—RRBHMRBOKE/ Y —
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