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Determination of Reactivity and Source Intensity
Based on the Maximum Likelihood Method
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Japan Atomic Energy Research Institute
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(Received October 9, 2002)

During the experiments using a critical assembly at subcritical state with a neutron source
such that reactivity or source intensity of a stationary state is varied and the core shifts to
another stationary state, the neutron flux transitionally changes after some change of the
reactivity or source intensity. The inverse kinetics method (IK method) can generally adopted
as a technique to obtain the reactivity and/or source intensity by analyzing the neutron flux
profile. However, the conventional analysis methods were not able to obtain the solution with
the maximum likelihood considering the error of the measured neutron flux and to estimate
the error of the solution. In the present research, by adopting the maximum likelihood
methodology to the problem, a new technique has been developed to obtain the reactivity and
source intensity with maximum likelihood and the errors of them. Moreover, the technique
was applied to the rod drop experiment at FCA, and the validity of the technique was
checked.

Keywords: IK Method, Maximum Likelihood, Rod Drop, Source dJerk, Reactivity
Measurement, FCA

* Tokyo Institute of Technology
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R, Chb RV 6 DMERBESMIL, ROZKNTRE N,

F(Pr. P9 = (2746610 P expl-(Pr - PF} /2(a.66-10-P¢)) (11
FPr. 2% = or-4.64-10° - PV expl- (P - P [2la.64-10 - P2))  (112)

CDERBRVY-IXTIX, uy FRray 72 IKE2#EAT A E0EROMIC, HHETIER
R R FELREXXTFLOBERRDIEATVS, I, IKEZHKE LR WEER
F—=FOHRIZh, IK B2 ERATRELHMEEBTERRAE T L/ mks, flziE, ay FF
Oy 7O L) IZBETEZ VA, fIHEZE» L CRICEZZILEE, Fo%RNEHEY —ENN
BIZRoTwA D, IK-ML #EL2ERTELEEIFET S, SHIEEIAONDI B, R 5IC
RLUEESI: 5 DI oW THEIRET ) SO 5 DICIRRIGE FA/TR. wHEFED h/AEL
D4 DODEAEDOEDERIFEINTVE, 72750, PHFEL LOBE, AR 51X, dif
FiHE=0 LEETEHH, ZITRPEFEIRMTHAHL LT, IKMLELEH L1z, 8%
HXT A — & BRER L XXTFLICOWTORTEEZ V2, (E 631)

® 5 TSR E L7z FCAER

e prom BAthth KTHA MBBRE KTRE $EFR
D Wl wl El$] ] w]

8-1 ayFray7-piEFRHY 6 003 . -003 -6 0.0013
7-2 REETE fiETREHY 6 0.3 -0.025 -05 0.0011
4-1 BIEELR hiEFRHY 0.03 0.6 -12 -0.06 0.00025
4-4 BREETER diEFREL 0.6 0.0003 ) -1.2 0
1-1 RICELR hEFREL 0.2 8 0 0.1 0

FUDE R iR X H 2E
6 HAVIEEESTA—F

[Decay Parameter]

Group 1 2 3 4 5 6
Lambdal/s] 0.0127 0.0317 0.115 0.311 1.4 3.87
Beta ’ 0.000215324 0.0014401 0.0013422 0.0027868 0.0009493 0.00034
Total beta 0.007073724 . Prompt A =1E-7[sec]
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FLED) Z EASDb9r S,

4., BRERETy Froy 7% 1 A2 BRWT, 54.3~600 B0 1819 B & L1z, #DfE
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FRELT, ChE BIUChE IEBWT P REDHERN 1.7~1.8 L RELEERL T 5,
CORNEELETL, K 4818 LA-Did, HAODFTEMIZT 5, FETREEE IS D
EThb, TORICEH, M8 TRETHEZDPLERSAZ L TWHDIIH L, Chs TIXET
BERICBWTHEBIIANHMETH D, FOREBRKFML TR EESTP5,

Ch5,6 Tid, FLOHHLARNIZL o T, BAV Y V2 EZHET, ERBIEEZ 10 {58
MTHRET AN 576 L 43 HICBVT,. ZOHDL Iy ) B2 fFbhTWa X 48
W2, 57T.6 BORIBETYA FADPL T I ANORMOITFELTBY ., figOH Ly POl T
DOBEHED, ZO L) BEBRICHZ 513 EBRBICIRLATBL Y., Zhisk& s > 0FE
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o T, B 47051, Chs & Ché DEEFTE VWL HICRZ 505 AIEEDOIEL DX II/HE
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F7 EES1 (0y FFuvY) OFNER

Ch5 Ch6 M4 M5 M8 P1

Bk RIGEL$] -5.5262 -5.5332 -6.0451 -6.1674 -6.0823 -6.3370
TR W] 1.260E-3 1.269E-3 1.278E-3 1.326E-3 1.326E-3 1.412E-3
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7oo COEBROPITIE, RIGES—E CHEFRIEILL TV EEBE 3 2HS5DT, TNE
NOREICH L THENEIT ). TNHOFERER 541TRT LI, a, b ET e LR, c i
BWT, K% 510 TR TWAY, ThiL, 5I0RTHAL Y Vo) BEZMTbhTH
D, BT LLEVY VB AEMEREN 2 ENTWEWVWETH DL, ZOERTYH, HhE=
FORRLIPZON TR,

% 10, X 55B L UK 56ICBITHRRE R T HRE LT, JIDESEL 2 513E, BT
FEOFEIKEL Y, PREFRIBE LI REo TV, c KEOEEPSL, 2089 K
BT, FROPFEFREOFETERTE S, T4, 20 L) 2ERTHETETD
LEBPIDS

B, 288U OEBESREIC L AHNIE, FLAT81IX108WL, 7F 7 v FEET9.1X
107[W]TH 5, ¢c KPS DRED Vi, 3X1007~2X106[WIRRETH Y. ZoHHEFEIX
238U DERBESBICL B30 TH AUREEND 5,

# 10 FERR 44 (FULETE - PETFIEL LOEER) OFIER
Ch5-a  Ch6-a Ch5-b Ch6-b Ch5-c Ch6~c
BA® RIELS] -0.0655 -0.0660 -0.1231 -0.1215 -0.4255 -0.4392
JReAEIW]  2.802E-07 2.312E-06 2802E-07 2.312E-06 8.085E-07 1.694E-06
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. R MEE[W]  9.700E-07 2.310E-06 -7.814E-08° -9.552E-07 7.937E-07 1.689E-06
BfOFE RIEGELS] -0.0848 -0.0829 -0.1368 -0.1321 -0.4584 -0.4668
TRs&mEE[W]  5.213E-05 4.769E-05 1.252E-05 8.332E-06 2.777E-06  3.343E-06

Grouping %  RISE[$] -0.0660 ~0.0665 -0.1225 -0.1206 -0.4250 -0.4393

REAEEIW]  1.793E-06 3.681E-06 -9.165E-07 -2.477E-06 7.727E-07 1.690E-06
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