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Experimental Study on Reactivity Measurement

in Thermal Reactor by Polarity Correlaticn Method

Hideshi YASUDA

(October 3, 1977)

The present report describes an experimental study on the polarity
correlation method measuring reactivity of a thermal reactor, especially
the one possessing long prompt neutron lifetime such as the graphite or
heavy-water moderated core, _

In chaptér 1, techniques of reactor kinetics expériment are briefly

reviewed and classified in two groups, one_chara;terized'by artifitial

disturbance to a reactor and the other by natural fluctuation inherent in

a reactor. In the léttér,:polarity correiation method is noted as
remarkable in its simplicity.

In chapter 2, the fluctuation phenomena of neutron count rate are
ekplained using F. de Hoffman's stochastic method, andlcorrelation
functions are shown of the neutron counﬁ rate fluctuation. Interrelations
are described systemétically between the pulse-, analog- and polarity-
correlation functions.

Assuming the fluctuation to obey a Gaussian distribution, a theoretical
formula is derived for the analog flash-start ﬁechnique which permits to
measure a prompt neutron decaj constant with high accuracy. A contrivance
is also made for the analog flash-start technique in order to simplify
the experiment, whicﬁ is a new proposal of a conditional polarity
correlation technique.

_ In chapter 3 are presented the experimental results of polarity
correlation method applied to the B/f measurements -in both graphite
moderated SHE core and light—water moderated JMTRC and JRR-4 cores, and
also to the measurement of SHE shthdown-reactivity margin,. The measured
values were in good agreement.with those by a pulsed neutron method in the
reactivity range of critical ~ -12 dollars.

.In chapter 4 are demonstrated the conditional polarity correlation

experiments in SHE at -20 cent and ~100 cent. The prompt neutron decay
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constants agreed with those obtained by the polarity correlation experiments.

In chapter 3 are given the results of experiments measuring large
negative reactivity- ~ -52 dollars— of SHE by pulsed neutron, rod drop
and source multiplication methods. Most values of reactivity showed strong
dependence on the detector position, however, there were seen little space
dependence in the prompt neutron decay constant, o, Consequently, it was
emphasized that the reactivity, even more than ten dollérs, could be
determined through the o measurement by polarity correlation method at
only one point in a reactor.

In chapter 6, it is concluded that the polarity- and conditional
polarity-correlation methods are sufficiently applicable to nolse analysis
of a low power thermal reactor with iong prompt neutron lifetime.

In Appendix A1, a niew device is described of simulating the reactor
neutron fluctuation. When a pulsed neutron generator was made to produce
neutrons in a non-multiplying medium by a feed-back signal from the neutron
detector, the number of neutrons in the medium was found to fluctuate as
if in a reactor. This low-cost and safe device proved to be useful for
development of reactor noise analyzing techniques and also in education.

In Appendix A2 is presented a simple method producing sinusoidally
modulated neutrons. A sine wave voltage oscillator and a voltage to
pulse-frequency converter-Pulse Frequency Modulator (P.F.M)-served
trigger pulses for a pulsed neutron generator to produce pulse-frequency
modulated sinusoidal neutronsg., Uneven neutron counts thus obtained were
smoothed by using a multi-channel time analyzer. In this way, a
demodulated sine wave of neutron counts was realized.

The applicable frequency range was wide-1Hz " 10KHz-and the wave

shape was good.

Keywords: Polarity Correlation Method, Conditional Polarity Correlation,
Prompt Neutron Decay Constant, Gaussian Distribution, Graphite
Moderated Reactor, Large Negative Reactivity, Space Depéndence,
/%, Burn-up Core, Reactor Neutron Simulator, Pulsed Neutron
Source, Sinusoidal Neutron Source, Pulse Frequeﬁcy Modulation,

Multi-Channel Time Analyzer, Correlation Function
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Fig. 2.1 Block diagram for correlation analysis
of the neutron detection fluctuation
$170(t) : Pulse correlationm.
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C:  BeZt B0 3R FRETEEE
% Oy DR EREBICE LN TVBHNEMELALTS 5,
LEDFHEFRA (S=20(1)) KT 6L, 77 7 2&EM,

N(s) ﬁ\T() ' £
- =N(s) = (2.23)
Sete(s) — & B
£s5+rks iz‘l +1—k
T s+ 4
£
[ TR
N{t) Y Ase EETL, {224)
j=0
LT
~ £
A; = ({{s+ss)N(s} 2 = 8.2 (225
=T PR S
i=1 (i..-——s,-)z
1—k  rks, J 8. ( )
§; — ——— — — 2.2.6
’ £ ¢ i=1 Ai—s;
T&Hbd,

Bl €— FIZDWT{E j=0Chab, CRE— Flxs, BEATHH, @ BET 5,

1—k ?kSO 6 8.
ax= 5 = — y — (227)
£ £ i—1 25_50
(BNZ kT B B 30
P _
A = : (2.28)
g Bids
£+k X —
i=1 (1.:—a)?
A DEE, No(t) =Age e Mrna, (229)

C O DERIZ, BETEICHAS iz LEORE T ¢ OB LR, \ha 1 OREFEERTE
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P AREAE 1 E B E NI ETHE, THbE 7 ) ~ VEHIEHERN TH L, K22
BH, 177 LCORERPET ORENOMSEO7 L2 BRTHD, 8% 0hiE o
AL RNBENBICTE T EADT TIEII Iy,

2.3 mE-oS AEBERRK

BEFRCELET 20T OBE, LEAEHERRETH-ThH, FEEOCTOHUIC, 7

17
YELBEELTWNWA I LS Courant & Wallace )KJZ@if@Enammﬂiégﬂ'Cb"Z?ﬁ‘j, N

RPMTREROENG, COBERERBRLUTEIRAKICT v ¥ L CEHT 5, LbL, &
<Mb6im<,?Tm@b@m$«¢ﬁfﬁtiti%J ATHRN N AEEICHAT S
S oL, BEABRTOEEO L7 YAl EbMbholc D EILS,
Nwzﬁm%Qﬁm.i5WﬂK DO Ak 3 g, —ERRZRICEI B OH
FHMOEINBMERD. SEHEOBEEFE ~THEHTE LN, CORAGEFORM TS, X
(37 v 7R oy AFEEE S B,

FdeHmmmﬁhﬁmucwﬂwxﬁ%%ﬁ%&@;éfbfﬁwto

E?@mﬁﬁﬁ&ﬁf AR BN, WA EOEARIEFDF oA YI2E 2D
=7 %ﬁW@%%(auw'6E%Emmﬂwmm\éoﬁé%@ldﬁmwnaﬁmqbnmﬁm
Eﬁﬁ)gﬂﬁﬁﬂwlﬂﬁgﬂ%&?n@,C@ﬁi@ﬁﬁﬁwxfﬂm¢%m¢¥u e
— O SR ICHE T Btk T & ORIIC, B TUTRE A X DO - T EERBDE SR

B =80 ¢ & 9 nBRMECs 55, Lid, EOCRER T LREs boMhAOMEET

EAPDELLLTHSL, COEAFDPLRD LD EHREKSBABRINICE, N5,

—at
Pop (t) = C4t+Q, e (2.3.1)

LT, Pop(t)t=0T1HOTHTEZBE Lrck t—t~t+4t DOMICHS 1 AOPE T2k

g A R
C ChEF A S v A n ik T ARET I hha K
Q. P T T TRRARE T & RO

o o BNk T HE R B
I e ik~ Fe A o R IS LI REET 6 0, 408 H B AR s L
WETHd, 1272 L, MO L /i, BRSORIE UGG 2B R 5 b SR L
T3,
P.de Hoffman (2Q, EEWET S 72010, BOUERIHIT SHOTBEED SR
R £ R AR L. B2 28K,
1L BE%] ty 5 totd o DAIICTEBEDOBDHNELSHEFE P, (toldto i3

Prltoldte = Fdto {232)

2ty KEIIHAHTEFN LT ILBEOTHAEZHEA L (Sh) 0o ntdn
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® Fission
X  Absorption & Leckage
®  Detection

Fig. 2.2 Time chart of chain reaction and neutron
detection
tg : Ancester fission time,
t;. ¢ First detection time.
ts : Second detection time.

DRJICHBEDN, 1HRRTIEEP (u)dt,

~ {1, tp )
P(ti)dt, = svevZse R (2.3.3)

rrTs  HIHEE (Y MK SFRARSEE
vr D EEH e CORMSBICELDFRET 2 NATETOR, 7 F = DOHEYTENE,
vEs HEETFEE 1OLEDEFHEE
3 4, CBFARETET LRALF =4 vICBT S (ERMRICHE ) T 21
fr (2t )45t +dt, ORICKREESRETZREP (1) dt 3

—a{ts-to)
27to)

P(ty)dts —=e(v,—1}v2Ere tz (23.4)

FRT, EEOH254, 2EOBRNRLATRE I EOEEKSEERELTSD, 20

LE O LLESRTHES L Loy - O 7 F 24 YD 35, 2204 7F =4 VIC&

TAHLMEEFA Lty CTHRHINCILICNELZPE, t: TCOMBIIFSTITEREDCHS

G T F A YL (ve—l ) TH D, COH (v, —1) DRFIGENTI A,

PLED1,2,3 TROFERFANVICRTITHD, o DB (Prt)dta=P{t)dtye
P(tz)dty }J (2 (te stotd te) MTOEAHICFELRTLIPHUTF =14 DILD 12D
FE-FO3 (ty , tstd ty ) THREXIL, BiICd) 120 HETHN (12 , toh-d 2 )THREINS
HAWEEP, (L, 2] to) #5213, BETIEROLICES,

__.9....
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~a{ ti+tz-2tg)
P, (tytzl to)=Fefw:(2,—1) (vEs)? dtid tze d to

(235)

BETECBonhETRESETHE, o, t: DX BFREFRLEBEANZ DL -T b, FAK
SERE 1o H—BICODLSE, R (235)CENT, to FEEOENLS t, % TOH
BRI B LEBEZTEOMERD, v, O5H P, EAESROECERANCIIERGE L
HODT, FIEIC v, KD2OTOREBEETIED LROEANES NS,

ty altitts -2 to)
Po (tist)dtidte =/ Felfor(v,—1)P (vE) dtidtee ' =~ 'd
i =}

P

(vZ)? -alta=ty)

=F v, vs—1) e dtidtz (236)
2a
Zh%E, vIr=k,/ €v, ODEFEEFE2TEL & (237)
Vp-(y;p""l) ke _a(tZV_tl)

P, (t;; tz)dtidtz = Fé? dtid tz (23.8)

vl zaﬁe
Tty R t, TREXAZTHTFONTE, L8 -HEEBE s O>T LM, FEHEE
RTBEEND, COHPEP, . Thhi &

Puerdty dtz = Fe? d t1dte (239)
EEbH, LicdiaT, ty KU t, CHONAHEFHRE YL AT2E (ty; 12)13
P(lty;tz)dty dtz =P (t;1; te)dt) dtz +Py dt1 dte

vel{ ve—1) ks ~ot( tg~t1)

:Fsz — e
sz Zafe

dtydtz+Fetdty dt: {2310)

LRE B, HAF—THIAEE, FTREEEEELFENL, CORET vV athkOER
DEARTHOEETH D,

T, NVRERFIO, 2BHEST ORBEERRANX (2310) DX2ITH LN, K50
AH—EDOYER (A —EBF 0 ) ZHIHE, SO0 AGRAOHBERK ¢rap( t2 —

] P 18
t, ) B, ROLH>CLTELNA )o

¢125(tz—t1):<0>2P(t!;t2)+ @2> §({tz—-t1)Fs _ (2311)

EE -, STV RAOEEEESE, ENOMSHEO - EORTH A1, 0 [FERTICK
FELITWERELI . AOF B 1BEBELA TR OLNIATHD, HHENFTOES,
EFED—oDNAFNEEOBERSTH B, 121 20BN ZADRILVBATERLIN
T,
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<O> =8> (=1&8) (2312)

LT HMS TR, F 72, ER 7 VA LNNVIAZREEZ TOAOTHEEL T T oLz
AR AR 45 LMD L DI B,

drze(v)=Plr)+ 8(r)F &

F ; vel we—1) ks T ];9 2 (
=TFe +F e L3(1)Fs (2313
V_Pz 2a€2 ¢ ) )

= r"rz
CNBR 21 KR UICE—RETO YAV AAEER THB, 5L, 2.1 IT5% Uik Ot 2t
HEREAOBAIAEAE=HIANA 2, COWER SV RAMEETHINELSEERLHD T
TGS, BICARNB T+ u s HEEY, BEREHRETIEIS / NALDHOAEEE LT,

2.4 7FnSsESHEREK

241 HEROLEEKEIAEBALY

AR ICEEAR LA v BB T v X R ZHE L L D & T B L ZMEEHETE, R
(2.313) 5 0¥ LOICFHIBAEBE, FOF _HOFMBEHENTAEMIZKE LK
O, E-HOBERSEE SZOFHTEED, 7+ 0 78, M, B R
FEBNTE, FHERSZBRE LTI T4 ENTE2DT, ZOXDMWFAHRAICLSH
BoskMicEBRINZEVSFREHB 5, LT T 3 7 7 KIBEEE b (1) DEL AR,
KA CTEBIABELCEOTHR T HERITHIE 285 72, ROV X L8 Rate meter
AR LTHGNE T Fu s/ Z5HAC 0 TOMBEREFEL CEEdd, T+ a7E23
Bioe w2 fEE r(t)EBE Rate meter DJEEMEE b, (YEHNT

xilt)= {j hy (7} ri (t—7)d i=1, 2 (241)

7272 L,  hi(t)=0 <0

=0 . {242)
.{]h«; (r)dr =1
EEhHEA N,
Przd{r) =<z {t)exe (t+7)> F toid
1 - _
=1lim —/f x(t)*x2{t+r)dt {243)

T—oo 27T -r
ThHodhro, R241)5285L, t2—t1 =t L BT

Prag (7)) =<SdESdTh (E)he (Mo (t1—8) rp {2 =7 ) > (2.4.4)
h'.(t) (FEFE ERIC X V)H&iéﬁaﬁ"@zﬁébn ST7 v 7L RICA DA,
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$rz2s(7)=S dE /AT (Ehe (WM< i (11 =€) ra (tz—7) > - (245 )
rire> OFEER (2313) OXDCHRHELTTHRELOT
Praa ()= dé/dmh(§)he (W brag (2 —T—11+§ )
=fd&/Sd7 hi(E}he (T)rzg (r—7+E) (24.6)

Convolution OWEEAFT A ETHo 7 HEXAR7 Pt & e DIEDT7 — ) 2 LB OET
EHCET, DKL D,

¢’12d(‘"J:h1(‘—jw)h2(jw)¢i28(w) (2.4.7)
772 L, ¢'12d(w):{ Przalt) e—jmtdt {2.4.8)

~ e _St

hi(s) =4 he(t)e dt (249)

.~ (o ) —]wt

Prglw)==/ Pift) e dt (2.410)

ﬁ{zm&)®7_Ulﬁﬁ%ﬁ(24m)mwofﬁmﬁk

~ (v -1) k 2a
Przo(w)=Fs’e P—; .2Pﬁ' LF2+ﬁJ5MI+F5 (2411)
Y 4 X W

Li-pt-T Rate meter EIEOEEEH®7 ) «Efn.(je) Xz iut 7T o/

EEMAREETE 5,
tﬁb.Ew%z&uﬁ(2m1)@a%m%bkiﬁmzﬁm%%TMﬁiée

242 THurHEREOER
1) Rate meter [HE &% D5
$ﬁi@&4%?%ﬁ?%%ﬁmﬁmkRMenmmr@%§CCT&@@ﬁf,%@mg
etk 2P B,
Ra te meter [BIEE(L
(1) #A4Z4— FRy7HEeEg
@ C R#srEIE
BERD T 2 TS,
U) #44—F#r7hE
®23®i5a@%fu,qﬁ—uy/ﬂwzmkﬁmﬁfémﬁ%Evl@E%%ﬁ@
hiwm CENITRDE HICERDE S,

hy (je)=w{je)=gR, {jeC, R +1) (2.412)
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Fig., 2.3 Diode pump circuit
The input pulses are converted to a

voltage proportional to the pulse count
rate.

O 4 -C

Fig. 2.4 C-R filter circuit for subtracting
the mean value

(1) CRMSMEEE ( N4 T 402 —)

FA A~ A Y PEBEICH TR O RIS TR, PHEFHER AT 86T
F s EEES L SHARS EREL, OoFEFMOITHIBIETF 5, FubE,
C REAOBG HESOEEBIIBENS, SLEHLALE LTRLEK2 4 TE, £0il
BRI CHSATVRS LD,

—~

;;(jw)=2£?:=jw(kRy’(1+ijhRﬂ : (2413
Vi

Rate meter B AKDEEBIIZC NS D _EORTEDE LB,

~ jeC:R: Rig
h, (jw)}= (2414)
(ijerl—l) { jC002Rz+1)
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2) Rate meter R D 7TF v 7 {EEHBEEAK
iﬁ,ﬁ(z¢14r€%kﬁ(jw)&ﬁ(2411rm%t%w(w AR 247 YICHRA
420 EICED Rate meter HAHDTF oS ESHABERRY PV EBE, FRELT ~ 1 =
I AT Rate meter HADTF o/ EoMERNERL, MHO D, M LHESR
R —EEH O Rate meter MEEHNBEET F o/ FEAER I PVBKRDEIICHES,

¢12d():h1( Jw)hz(_]w)dllzeélh(}w) 4’126()

- o*al Ri o’ [ZaA +B] (2415)
N (011 +m2)_ (ag +w?) ot )
ot L
ay =1/CiRy (24.16)
az; =170z R (24.17)
Ve (VP—].)I ke
A=F & (2418)
sz 2(1£2
B=Fs : | (2419)
31z, SE AU HEREEOL, wile)=0 LAMAREE>THEL, (2420)
migEien LT
a, < a < a; {2421)

LS A AER X THIE, R (2415) FWEMTEC LICKOT FusESMMMK
& Lfbﬁt@ﬁéfgéo

—-Aa Bm —a It] —A Ba, . -azlt].  witl
+r")eal] +{— az-l——*—z)ea2 I+Ae
ay 2 " 2

(2422}

2@&%&@%%@@ﬁ(zu1)@&ca?a%bkgam.Béﬁﬁ@uﬁgbummﬁ,

b1z (t) =q’R{ ((

-—a|t] Vs (Vp—l) ke -alt]

$124(1) =q®*RiAe =q’R® Fe — o © (24.23)
Vr [+ 4

DL DI s, CANK21ICHR Lk Rate meter HiHOT o 7 E5EEEK
$24(t)T H 5o :

F 4, 1EBEBECESIKIE, t DNIVHEETBESE UE(@%ﬁiﬁanmﬁbn z
DENTEARE LB M a DENTEME 30D, BICHESE OHEBTHEE EHa, O
£ FAEZ, L L, a1 » a2 ZEECERTATaDE— FERELCEANTS T

WRETH So
21 OB OBEICENTR U EEREERS(1) &, TFR/ES5EE 5 1T B
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frife 7T o7 EoHERREEN,, PEELEFLENLTF o/ EE5D5 5, TORMOF
B GOV THEBRITT 2 BRI NETH S, REICRBT 5,

2.5 ®HHBEBEY

251 BEAEEHKOEH
BWEELTEINWANWALESEL X THHIHT 5,
x; (1) : iBHORUTHRHESEATHY, BENICP LS IV I LER THD, 722D

SEEEIRICLTH S, <x,(t)>=0(i=12) {251)
T 20D R 1 & ox, OEMDREE L,

¢12p(f) DXt &Xz @&b*f:@@'ﬁ*g%@%ﬁ
Piz(r) 1 x, &x, OHVLOHABAINIHEHEBRETHL ERMIC x Exy OFED 2R
LAV ZAHCEBNAHERETHEH S,

T

P2 (t)= lim Sox(t) xp (t+7)dt (252)
T3 2T0‘1o‘2 -
_ P ¢”*k{ (253)
0,03 \/¢lld(0) '¢22d (0)
glxiixy) i xy & xp ODUWIHAERTHY, 2(RUH T A0MET 5,
g2 (% .x) BHI2HHOCESE
. X 2dud X1 xz X2
2N ) 22
1 (524 ~+(— )
g(xx, ) — - exp ] (2.5.4)
2x0, 0y A/ 1—¢15(r) —2{1- 22(7})

6, : x, OEEEETH S,

—RCER T TORER TS, EEREEEE LTV ETFICRE LR TR B0~
V2% Rate meteriC AT Uiz & & DH AL, BIENICT Y £ 0095 T 0 52T $5,
2RKEDT F B S EEDEMA 2K AT AR S, © b OE B OEEHEEEY
B, KoK S LT, SROMEHERNEEESS 5ho L

EE RN OERET A TEAERETLIERDL DTN 5,

1 T
P12, (T} = Ijm -2-; S sgnx(t)sgnx, (t4+7)dt { 25.5)

T=C0

* ﬁﬁ&ﬂf®@b%mcwfmﬁﬁﬁ%k?%ﬁf@ﬁ A LOF@mNREIN TS, Z
FREFORBRIRELFER TR C &, F3HEBEMNE D { BT A SBA LIS,
MEDHWICE D, BRIKEAEERELZZL THLE L2 1L,
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[ea] fea] . .
EA P =/ J sgnx(t)sgnx, (t+7) g(xisx)dxdx (256)
-0 =3A
T, sgnx= 1 x =0 '
(257)
-1 x <0

R(256) DRARY 2 0, xS 0 OEWHBORS™A DI B L LNTE 5,

¢ 0 : = I =tel
¢12P(r):f f g{X19X2) dXIdX2+{ j;) g.(xllxz) dxl d.xz
I pies o
¢ =9 e e |
_f f g (X]rXZ)dxl dx2 '—{ f g(_Xlx Xz) XmdX2 (2.5.8)
g @ -

. ; 24
BRSSP e BIC, 2UGEH Y R0 Herm ite BMAFIAT 5, BHIE Crhmer o &
S eNE ' -

EAVINORS - T2}
(2 -amt (2

1 192
) y= ' :l
g (X% 27 0,0, v 1—12%(r) e_?‘:p —2 (1—~¢2* {z))
1 o e+ {(v+1)
_. 5 _ (xu/o) (xoT) ¥ () (25.9)
0'1 02 o 13 I

Ct:.f-;-@.v ¢12(7)®§gi§fﬁbéﬂ%o
(1) 1 2

L, @ iZ @@= —S— S e dt ®(v+1)EHESTH2, TOFHNIZEK
V2T oo
CEANTELDTRERICOE 1A SOENTEE ‘ (2510)
(() _ {v)
oo )@ {x,/52)
fxl fx2 g (u,v)dudy =2 — x‘_/g‘ e qblz(r) (2511)

—-za —on = w

LT BHx =%, =0 DHAEA (259 ) L OmROMAGRHIED LD,

(Vﬁ) 2

OZO E?(%O)d—] %zv(f}: : = (25.12)
v=0 p ! 2 T/ 1 —pot2) :

# (2512 ) OfAE (DN TES T B &
oo [qp((g)) )2 v 1 Pa(r) ds 1
z 2(7) = — f — = — sin” ! ¢uz(7) (2513)
Vo1 vl 2r g 1—s? 2

LI ANLTIIR (2511) Tx, =x, =0& B/ bOKE L WOTROBEIEKRILT S,

: ' (v)
w($ 0))*
’ s g(u,v)dudvf—‘@(o)¢(0)+y§l§y! b1z () (2514)

(=== B
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1 1 .- . 5
:Z+?;I—5m Lepyy(n) (2515 )

2254 )0RETEOE, g(x . t=g (=%, , —x ) 2FBCANLS LA ( 25.8)
BT ORI BERFCONTHRGOFETHETS 3,

co ©o 1 i
bf { g(u,v)dudv:zﬁﬂz—wsin'l(1’312(?) (2516)
T
0 o 1 1
J J{g(u,v)dudvi‘:z —2 sintgyafr) ({2517)
A ”
2 3 1 1 -1
o f_ g(upv)dudviz—zxsin Py15(7} {2.518)
LichiaTi ( 25 8 ) (RO L HICILD
2 - -1 r
bi2,(7) :—?_— sin g (r) {2519}
T _' .
EQsdEee ¢12(f}35iﬂ—2*¢12p(7) (2520)

£ {2519), £/ (2620) ABEAEECEAFREL RTATHL, X (2519)
21D, (0 2EAL, BEINBHEEEES SHBHTBEBMARETES, W1

:ff@j%r‘jazmg (1 2w Poifsl) OEERL, Wo X2 EZEREBETLI0KE~NT, &
D T Atz ATHL. BEHERE TR, 8L, 242 CRLECRESTEBEHNT, @
E?QWﬁvﬂw%ﬁ@ﬁV@@L,MELLW&W%%QTAV977/b%éﬁKT
THHES / NOBEOT - 8E5N15,

HVREMEF AT, MR TFEGOES, REOEIEOL D I5EEA (2423) R
DR A(253)CHTEHPTHETS SHAMEEHANCELERI »& bREVBSTS,

0.ITWHWETHS

TR

bralr)i__ < 01 . (2.521)

ZOLDCHEENONZEAICIZR (2519) KET 2 sinBS 3 AUACEBTELD
<,

2
Pz (1) T — Prale) {2522)
T

¢ —xT

CDIBP(r) (T35 (2423) BUA (25 3) L0 ¢ (1) =A'e EETLERS
I, BEMERRIROL SIKE LD THBEIEREFEEINS,
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2K g
e (2523)

‘i’up(’) —

i1
CDOEEATFEZE, AE 3N HEEES S, HEREEEH & LT, NPT REE
MarRETXS, CONBIHUIREERINLDELRTIEELHEER 74 -2 TH5,

252 WLEFOPHMEARICTS LX0BRELNBEMEBKCRIZTTEEOKR

Rt AHEEE TEBR LT 218G, AR 4 E# T 5 ET T o /55 Els fohE i
SN E, TOFEEOMENC 255 LRl o, B Lo, FEEL
BREBEDICETHBE L, BOHEB O~ BHIFR TINS5, & CANBMAD
PV SNV EFCT S ETCAABEAEEENE L 5, COEENHIE S 1L/ MM R
LT, EANREESRZ LT ICRETT 5,

dxs EDrgp) ZRDL ICERT D,

dx: : i BEORHBEOHNTHELZBCHETH T IROEEEF CHO

4x,
l xl <1 TharLEd b, (2524)

$rey () 1 dxs ICLBBEEEATHE S 072 Bkt MBI B
Prasp O =<sgn{ x{tJ~dx}esgn{ x (t+r)—dx)> (2525)
i EEBER LRI RTT 5 &
¢}h(ﬂ::iz 5: sgnx, (t) sgnx, ( t+7) g (x, x,)dx; dx, (2526 )
ED—T ) Prgplt) ERSERT B LROL S ICT B,

P 125p T} :fw { sgn{ x(t)-dx;}sgn { xx(t+r)—dx,}g ( %% Jdx; dx,
(2527)

H(2526)I13A (25 8)DLHC4DDHARBHICHETESHH, R (2527) bEKK
DETET

dx, dx, ca oo :
Prespt) =S S Tglxaxldxdx, +/ F  g(x,%)dxdx,
wzo -oa dx, Xg
dx; oo oo dx,
_f f g { xl!X2) dxl dXz _f f g ( XIJXZ) dxldXZ ’ ( 25-28}
-sa  dx, dx, =-oo

14x/0,1 #31 koFrchsugacE, £ =" +f DEERT x. =0 ©EbYH D
Maclaurin BEBBEZFIEA LT,
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xl\ C.fhz (r) 43%;
= +
Pr2sp(t) =P1ap(r) w-——l 3270 ( ( ) /—1 ¢;22*\r) ( >+< }
(2.5249)
ET AN, ¢2(r) K1 OHEGITIZ

¢i2&’p(-} —¢12? ,/T Q ) (2529/)
12 -

R (25290 Hdx. KEBEEEEATHES FL otk B & BO B HEHE &0
HEERTRTHB,

EBROE, i SHOBERHEANOFPHELTCRE TLXOBEEIx. (I, ROXHWE
5r1E PAX._ DOETHIET X 5,

dx . =0 dx;

PA =L glx %) dxdx, = /1 (x:)dxy (2530)
X - — — o0
x 2
FAEL, f ) _(E) (
72 L, f (x, aWor U.-e 2531)

Foor/D B VESHIEE 0~ dx. Tid

] AX.' 1 1 Xs -
P =s" 4/ Mg — CEFEAMS (2532)
dx: oo 0 2 5m a,
£ (2528) BRoLiCELINS,
bis (1) = ¢ ﬂ-+——;£*_—-<P —l>(? —l) (2533 )
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Fig. 2.6 Relation between the set level and the
Q-function which is a Gaussian-weighted
amplitude of the conditional polarity
correlation function at t=0

The set levels x';=%*0; correspond to the
peak values of @, hence gives the optimal
levels in experiment.
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Fig., 3.3 Block diagram of the circuit for polarity
correlation analysis
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Fig. 3.5 Measured probability density of the
detector output fluctuation and its
fitting to Gaussian distribution

The reactor is operated at -20c¢.
The distribution has a standard devia-
tion of o0;=27mV.
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fitted to an exponential function.
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Fig. 3.7 Prompt neutron decay constant vs. the

number of fuel rods withdrawn from the
critical core :
The plot of zero fuel rod withdrawal is
slightly to the left because the reactor
was made slightly subecritical to avoid
the pile-up in neutron detector. '
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Table 3.2 Physical and nuclear values of JMTRC and JRR-4 cores

Items JMTRC JRR-4
Mass of U235 5.6 kg 3.0 kg
Fuel Enrichment 90 % 93 %
Moderator Light'water Light water
Reflector Be, Al ) Graphite
B/% 116 (P.N.S.Exp.)!1l44 (clean, Calcu.)
Power (max.) 100 W L 3.5 MW
Burn up 0 3.66 %
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Fig. 4.1 Block diagram of the circuit for
conditional polarity correlation
analysis

Upper PABC produces a trigger pulse
when the fluctuation reaches a preset
level.
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Table 4.1 Comparison in prompt mode neutron decay
constants between the polarity correlation
method and the conditional polarity correla—
t10n ‘method ' :

_ Polarit Conditional
Reactivity ' y’ polarity
correlation .
(¢). (sec-1) correlation
(secfl)
-100 13.0+(2%) 13, 8+(3%)
=20 8.23£(2%) 8.42+(4%)
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Fig. 5.2 Decay of the neutron density following
pulsed neutrons, stored in the 1024-
channel time analyzer, 256~channels
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Fig. 5.8 Spatial distribution of neutron count
in the fixed half of SHE-T-1 core
measured by the source multiplication
method

Detector peositions in radial direction
are shown in Figs, 5.9v5.12.
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Table 5.9.M Reactivities depending on the detector position in SHE-
T-1 core with 65 arrangement by source multiplication
method '

Count rates are compared between 6S and 0C core arrange-
ments to calculate the reactivity.
(Movable half)

Axial position Z{cm)

z=20 | z=40 | 7=60 | =80 | z=100
I-1 | 10.69% |11.68$ [ 12.90% | 13.84§ | 14.318
I-2 |11.04$ 112,124 | 13.38% | 14.598 | 14.59%
I-3 |11.16$ {12,028 | 13.72% | 14.748 | 15.578

Radial | I-4 |11.04$ |12.61$ | 14.05% | 15.00% | 15.43
position | 0-1 | 10.94$ | 11.735 | 12.64$ | 13.29% | 13.61%
0-2 | 11.49$ [ 12.618 | 13.68% | 14.38% | 14. 985
0-3 |11.95% [13.68% | 15.298 | 15.61$ | 16.853
0-4 [ 13.70% [19.60% | 21.75% | 23.676 | 24.708

Fig. 5.12.M 6C arrangement of SHE-T-1 core used
in the source multiplication method
The control rods were completely
withdrawn and the safety rods were
inserted to mid plane in the measure-
ment.

{(Movable half)
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Table 5.9.F Reactivities depending on the detector position in SHE-
T-1 core with 65 arrangement by source multiplication
method '

Count rates are compared between 65 and 0C core arrange-
ments to calculate the reactivity.

(Fixed half)

Axial position Z{cm)
Z=20 Z=40 Z=60 7Z=80 Z=100

Radial

position

I-2
I-3
I-4
0-1
0-2
0-3
0-4

9.468 | 10.718 | 12.06% | 12.638 | 13,285
10.14% | 11.41% | 13.01% |13.635 | 14.38$
10.31% | 11.74% | 13.03% | 13.97% |15.398
10.34% [ 11.508 | 12.76% | 13.94% [14.718

9.79$% [ 10.43% | 11.39% | 12,058 |12.528
10.988 | 12.36% | 13.958 | 14,608 |12.528
11.73% | 13.49$ | 14.94% | 16.42% |17.19$
12.11% |16.18% [ 17.87% | 19.118 |19.61$

Fig. 5.12.¥ 6C arrangement of SHE~-T-1 core used

in the source multiplication method
The contrel rods were completely
withdrawn and the safety rods were
inserted to mid plane in the measure-
ment.

(Fixed half)
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Fig. 5.13 Typical curves of count rate and
reactivity obtained by the rod drop
method _

The reactivities are obtained by
starting the count 1ntegrat10n from
the corresponding time.

The safety rods were triggered at
3.30 sec and inserted to 90% of the
strokes at 3.50 sec.
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Fig. 5.15 6S arrangement of SHE-T-1 core used

in the rod drop method
The control rods were partially

withdrawn to make the reactor critical.
The safety rods were iunserted to mid-

plane of the critical core to make the

reactor subcritical,

(Movable half)
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Fig. 5.16 Relation between the arithmetical
mean value and the standard deviation
of reactivities obtained by multi-
peint measurement in the core.

" % : . Pulsed neutron method, analysed
with Eq.(5.2.1) (Revised King-
- Simmons method)

e : Pulsed neutron method, analysed
with Eq. (5.2.2) (Sjéstrand
method)

© : Source multiplication metheod,

_ analysed with Eq.(5.2.3)

A ¢ Rod drop method analysed with

Eq. (5.2.4)
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Fig. A.1 Block diagram of the reactor neutron
fluctuation simulator and connections
for the measurement

PNS : Pulsed neutron source

M : Medium

Sn : Neutron source

Sp‘ : Random photon source

D, Neutron detector for fluctuation
analysis

D¢ : Neutron detector for the feed-

hack trigger
Photon detector for the random
trigger
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Fig. A.3 Arrangement of Feynman-g experiment
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connected in fission chain
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. families, and then delayed count pulses
of the Dy detector are time-analysed.
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Fig. A.6 Pulse die-away curves for various
reactivities observed in the reactor
neutron fluctuation simulator
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Table A.2 Comparison of diffusion and diffusion cooling coefficients
in graphite obtaired by various methods including P.F.M
(1.6 g/em?, 300°K)
3 <Tav> | Do ‘ Co F
Observed range 21y 5 5 6 .k 7 69
Pulse |Perez (sec™) | (10”cm*/sec)  (10%cm*/sec), (107 cm®/sec)
. prop. |Beoth |w=0v3146 rad/sec' 94 + 2 [2.19 + 0,01 | 3.2 + 0.2 3.7 £ 0.7
exp. method i ‘ .
w=0"1887 rad/sec 104 * 10 ~2.16 + 0.02 - 2.8 + 0,3 2 + 10
¥
. Moore s 01887 rad/sec 2.17 £ 0.04 | 3.5 £ 0.4 3:5
method
B2=(1.075v10.41) . !
Die-away N P 72 = 7 2,27 £ 0.04 '3.85 % 0.35
experiment B2=(1 075.5.8)
| <10~ 3un=2 77 + 13 12,21 = 0.08 [2.60 + 1.2
: P. pro. Perez-| 6280 rad/sec| 91 * 4 |2.16 *+ 0.01 | 3.9 + 0.2 |12.0 + 2.0
exp. Booth
Die—away exp. I52=¢1.76018.9) .
Starr & Prioe 10-3og-2 75 + 0.6'2.14 + 0.01 | 3.9 £ 0.3
Perez— : 2.110 . 2.016 . =5.057
Theory Booth .
Honeck 2.178 L 2,46 i -8.3

P.F.M. Exp. w=07v2200 rad/sec 104 £ 19 |2.04 *+ 0.09 ‘0.94 *

1.80

The values except P.F.M Exp. are quoted from Reference (A.6)
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