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Thermal power measurement based on Feynman-a correlation analysis for UTR-KINKI

Atsuko Miyoshi' ", Hiroshi Taninaka'*, Kengo Hashimoto®

This paper presents an applicability of the extended Feynman-a correlation method to reactor power
measurement. In the extended method, higher-order difference filters are implemented and dead-time effect of
neutron counter is considered. A series of the correlation measurements were performed in the UTR-KINKI
reactor to demonstrate the applicability of the extended method. At a critical state, the reactor power inferred
from saturated correlation amplitude is consistent with indication of linear power monitor of the reactor. At
subcritical states, not only the correlation amplitudes but also the subcriticality of these states require for the
determination of reactor power. In prompt decay constants and subcriticalities obtained from the constants,
detector-position dependence, i.e., spatial effect has significantly observed. These subcriticalities have also led
to the significant spatial dependence of the reactor power inferred. When reference subcriticalities determined
from source jerk experiment have employed instead of the above spatially dependent subcriticalities, the

inferred reactor power has slight spatial dependence and agrees with indication of linear power monitor.

Keywords: UTR-KINKI, reactor thermal power, calibration, Feynman-a, neutron correlation, subcriticality,

prompt-neutron decay constant, source jerk, spatial dependence

VTSR TFREB TR Interdisciplinary Graduate School of Science and Technology,
Kinki University

2 IR FIRT SIMFERT Atomic Energy Research Institute, Kinki University

THE. MHLEF- T P=7 U v FBR e

YBUE. BOARRT AR B R



Ty A< - o WA RATIC X B TR IR AR O B ROE

1. FFim

IR FEAR RS AR A R O SR ) R ORGELZ IR,

Pk HAEIER O DN D EEDN LV, O
BT, PR & EARRIEL 7 AW AR O R 8
JFDREHEIRIC DTz > TRy & d, P95y
fitk, B RIERSH BB/ N R 5 &
FHLTHEESND, 20X ) 2RIEIXRFM O
SRR R M 2R R A LB L T 5, S BIZ,
HE S - TR A OO R E AR L
T B0,

JE IR MET AT X BOSBERIE D A7 B3 1P
HRGEED. @8 LTH A S TE T, T
T B 2 & OBFE 5 I3 R
A7 4% — RMS RIS L AABE S 4, P H
NfEonsd, 7220, R aEREEeeRg R
OAREBIHD FRINSEHR S ATV RITUE e 572
VY, 2L AE— ROFPE TR IBER AMEH S LD 5
BIE, 77 A v adk®e EopE B A
JE IRV DIEICEA L9 2 & Ex D, 2D
AEEEE R OIRZERBOFERIIAE TH 5,

77 A7 rodEEL BT ORBOBBEO I
JR@ 5 B AR A R DB EO 72 KO R 231
ZONTE, BARLO VX, mRFEET 4 V&
— & RN R 2 BB LItk 2 1T, FEEH
WREDJRFIF~DOEMAZ FIHEE LTV 5, HKRH®
X, OSBRSS N7 7 A < ik D IEEFE KR
O VE 2 T R IS 3V TERGE L7z,
A O, A T4V REREET=F— AT
LIHERENTZ 7 7 A4 < ol T B AI . £ D
ARAMEEZHERL TS,

AWFFEOBINL, ZOYBRESNTZT7 74~ a
BRI AN DMEFEE LTERAL, 20%
YA ERCHRT DL ThD, ZOMRD
7o D—1HEDFHRARIE DS, TR FRTIF DR
B L OREESRIEIZ I W TEM S vz,

VAN NN

9. WEET 7 A~ - ofBT OB

77 A= afERTTCIE, 7 — PO TR
S EGICINER SN D, ZOF— R < R
g & 47— R B[ (gate time) T £ 35, kTHFH DT
— MO E M T D E T 7 A~ ot s
BT DHAHIEE Y (ZLL FORRIZER SN D,

) —_—2
M?-M,

Y(T)= -1, (1)

=1L, BB LU0 EO EBRIIHHE A
T, THEFRRERT VY U mICE D T D L
(DTEZSND YIIEa Led, HETRHA X
v RNEOMBEIL, EE e Y 2L -6, ERt
P OB BT 5 & AR R PR E o
& BFIFEBAIRIE Yok, HIE SN Y T —F IR
ERONARET 4y bTAHZ LIV ELOND,

k

_ ,aTl
HTﬁﬂ;@—l ° ]—ZRL 2)
aT
Y/ PN

a= ? :prompt neutron decay constant, (3)

2
v.=en, 0 )

(B-r)
D, = V(‘:;l): Diven factor, %)

12

R . .

e=1 detection efficiency. (6)

EDF R, d¥. ENENRLEEE, P ET RN
DEFHEE L OVRERE 2 &3, 3@ O
EIZE > T D, QD EEDIIL, NS
FIC X DB AL LITIRRT 2 M RS O E
HERBLTNDH6),

M7 4 NV H — O AR, (DR YicfRz
T, KAUTEW ENEFNERSIND 1 RBLDV 2
W7 4 VE—HOKHEE o, e WEHEND,

(Mk - Mk—l )2 _1

Gl(T)E Zﬁ
k

(7



Vol. 49 (2012)

Py

2(M, - M, 12-M,_, /2)

o,(T)= M
k

. (8)

R ch P -5 T o & B BERDE Yok, B
INnizon, oo T AR EFENE IR/ NE FE T
4y hTAZEIZEDELN S,

3_ 267{17' + l 672117'
o (T)=Y,|1-2 2 2Rz, (9)
aTl
_ 5 e—uT + —2al l 673(1'1
o (T)=Y.|1-3—2 6 ~2Rr.
- aTl
(10)

2 WL EO@RME 2T 4 V2 —DO T, AL D
MO FL E TV D,

(2), 9), (10)XEZNFIY, o, o lZh/NAFET
Ay M D L RIS HE IR Mo, i FnAH BE
Mg Yo 38 KL OVRERIRF ] o3 G H AL D, (6):0% (4) AU
AT D& EnERFIRAUCEY ESND,

FoRp 0=5) (11)

v T (B-py

AR OWTIE, BRSO R & iR
HHIENTED, REESERIT L TE O

[ pa WINZRIET DN D D, ZORIGKEE LT,

2 ODRSEREEZTR Uiz, &85 1 O FEE,
BAAEZ 4 b EON oz kUL
TRDHEDTH D,

p:[)’(l—a/ak,), (12)

7212 LUIRA T el BRSUR R O ER & £,
ERFQ) Ao EEBE SN D, B RASR ORI
P R E S FATC A D TV (12) A
SIUSE oGS, Z0pz(IDHRUTRAT L 2
X BRI S FE D R HE BV )3 RE T
x5, H2ORNEREEE LTE, IR
F I F T RAE DN E T THE O @RS

PR VNS 2 R TR e:

SHREEBRIZ LV EE LT,

3. EHERIAR L &M

P 7 AR B E A S L 7 B KRR AR o4
DAL & PR R R AR E AL AL Fig. 1 (2R,
UTE K25 747 UTR-KINKI (&, #8Kkos, 540
S 0> 2 53 FIR R -4 Cdh 5, 18in. (45.7cm) D H
A He A TR 2 EETICF LA E STV D,
FRBEIE (2, B SURAEIZ N 2 T, 4 DO AR IR
TEICR W THEM L=, 2o REERIREIR, B
DHPEDOFA 2 — N KRR LT, KRB
THH L 724 K OVRER R O filffIbE < &2 —
% Table.1 27”7,

North — — South

° North Core South Core East
ShimRod Safety Rod 1
A-Detector

B-Detector .
Rod Drive
Ij‘_Mechanism

(I [
it 3 B

Safety Rod 2 Soutrcc Regulating Rod l

Hole West

Horizontal View

A-Detector

wiE .

| Top
B-Detector 33em T
| Cd—»i 70cm
Sheet
N Ngeutron 1
Graphite Source s
JTap - < . Graphite
l6cm  46cm Bottom

Vertical View

Fig. 1. Reactor configuration and detector location
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Table 1 Control rod pattern

p={10

Rod Pattern Control Rod Position

No. SR-1 SR2 SSR RR
mﬁ%m UL UL UL 31%
#1 UL UL 50% LL
w0 UL UL LL LL
3 UL LL LL LL
44 LL LL LL LL

1 T T T
- Futted Curve of Eq.(9)
0.8 [ ]
0.6 [ .
o
I
0.4 .
0.2 1
First-Order Filter Applied
Critical State (~ 6W)
0 Detector A i
0.2 + ! !

0.05 0.1
GateTime T (sec)

0.15 0.2

U.L. : Upper Limit, L.L.: Lower Limit position
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(b) First-order difference filter applied

Fig.2 Yand o at critical state

Table 2 Spatial dependence of decay constant [1/s]

Rod  Order of
Pattern Filter Detector-A Detector-B
0 47.82+0.82 49.28 £0.71
(Cri#tti(ial) 1 5294 £ 1.11 51.20+0.80
2 5518 £ 1.39  51.82+£0.91
0 57.68 £ 1.84 54.76 + 1.20
#l1 1 66.92£2.49 64.61 £1.63
2 67.02+2.76  64.55+1.84
0 1542+ 9.7 74.38+2.72
#2 1 1263+ 7.5  69.10+3.24
2 131.7+ 9.4 7547 +4.02
0 146.5+ 13.4 100.7+ 5.8
#3 1 168.1 £ 19.5 97.2+ 6.3
2 173.9+£229 111.2+ 83
0 200.9 £34.0 187.5+24.5
#4 1 141.6 £22.6 152.9 +20.6
2 142.4 £26.2 16544253

Conventional Feynman- o
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Table 3 Subcriticality inferred from decay constant

[%Ak/K]
Extended Feynman-a
Rod Order of Source Jerk
Pattern . Detector-A Detector-B Method
Filter
0 -0.163 £ 0.035 -0.088 + 0.023
#1 1 -0.209 £ 0.043 -0.207 £ 0.030 -0.355 + 0.040
2 -0.170 + 0.046 -0.194 + 0.033
0 -1.760 + 0.166 -0.403 + 0.047
#2 1 -1.097 £ 0.119 -0.277 £ 0.053 -0.624 + 0.040
2 -1.097 £ 0.142 -0.361 + 0.065
0 -1.632 £ 0.225 -0.826 + 0.097
#3 1 -1.721 £0.296 -0.711 £ 0.100 -0.931 + 0.040
2 -1.702 £ 0.334 -0.906 + 0.130
0 -2.533 £ 0.565 -2.219 + 0.396
#4 1 -1.325£0.341 -1.571 £ 0.320 -1.761 + 0.042

2 -1.251 £0.379 -1.734 £ 0.388

Conventional Feynman- a
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Table 4 Reactor power measured at critical states

[mW]

Extended Feynman-a .
Critical Linear Power

Order of .
Case Detector-A Detector-B Monitor

Filter

0 6.350 £ 0.035 6.940 + 0.032

6.709 + 0.051 7.119+0.042  6.617 + 0.662

2 6.847 + 0.064 7.174 £ 0.048

0 1.023 £ 0.008 1.005 = 0.005

1.102 £ 0.013  1.041 = 0.006
2 1.134 4+ 0.016 1.051 +0.010

Conventional Feynman- a
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Table 5 Reactor power evaluated by using reactivity

inferred from decay constant at subcritical states

[mW]
Extended Feynman-a .
Rod Linear Power
Pattern Or(?ler of Detector-A Detector-B Monitor
Filter
0 5.860 +£ 0.307 7.235+0.273
#1 1 5.626 + 0.349 5.949 £ 0.256 4.792 £ 0.479
2 6.077 £ 0.426 6.080 + 0.295
0 0.828 + 0.080 3.281 +0.186
#2 1 1.450 £ 0.135 4.075+0.294 2.558 +0.256
2 1.466 = 0.163 3.727 £ 0.292
0 0.846 +0.117 1.632+0.144
#3 1 0.806 £ 0.150 1.885+0.184 1.563 +0.156
2 0.821 £0.164 1.528 +0.173
0 0.540 £ 0.138 0.527 +0.104
#4 1.283 £ 0.307 0.826+0.167 0.909 + 0.091

1
2 1.393 £ 0.385 0.725 +0.166

Table 6 Reactor power evaluated by using reference

reactivity at subcritical states [mW]

Extended Feynman-a

Rod Linear Power
Order of .
Pattern Detector-A Detector-B Monitor
Filter
0 4.066 + 0.205 4.260 £ 0.213
#1 4.286 +0.220 4.517 +£0.227 4.792 £ 0.479

1
2 4.275+0.222 4.498 + 0.227
0 2.691 £0.134 2.336 = 0.099
2,581 £0.124 2321 +£0.102  2.558 = 0.256
2.610+0.135 2.385+0.108
1.675 £ 0.090 1.439 + 0.059
1.715+£0.096 1.433 + 0.061
1.720 £ 0.123  1.483 + 0.069
0.916 + 0.081 0.732 + 0.050
#4 1 0.882 £ 0.069 0.707 +0.048  0.909 + 0.091
2 0.892 +0.079 0.709 + 0.054

Conventional Feynman- o
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